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Abstract Predicting where introduced species will
establish and spread remains a central goal of inva-
sion biology. While climate data are often used to
forecast potential occurrence at regional scales, envi-
ronmental filtering can limit susceptibility to invasion
at finer scales. Factors underlying such filtering are
important to identify, especially when they influence
spread into protected areas set aside for conservation.
Useful information about factors limiting invasion
can be obtained from historical resurveys. Between
2022 and 2024, we used pitfall traps and visual sur-
veys to resurvey 111 sampling points in two protected
areas in coastal San Diego County, California (Tor-
rey Pines State Reserve and the Point Loma Ecologi-
cal Conservation Area) that were originally surveyed
for the non-native Argentine ant between 1995 and
1997. The multi-decade time span between the sur-
veys coupled with the observed distributional limits,
which have either contracted (Torrey Pines) or appear
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static (Point Loma), indicate that the Argentine ant
has reached the limits of its ability to invade these
sites. At Torrey Pines the soil types with the lowest
water retention values were the least invaded in the
original survey and were overrepresented among
retractions observed in the resurvey. These findings
are consistent with experimental work demonstrating
the central role of soil moisture in limiting Argentine
ant spread in seasonally dry areas. Variation in pre-
cipitation combined with changes in human water use
will likely continue to influence the distribution of
the Argentine ant in semiarid regions. These results
generally illustrate the value of historical resurveys in
clarifying limits to invasion.
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Introduction

Forecasting potential distributions for introduced
species has long served the important and practical
goal of clarifying where invaders are most likely to
establish and spread (Peterson 2003; Thuiller et al.
2005; Jiménez-Valverde et al. 2011). Ecological niche
modelling, in particular, plays an important role in
risk assessments for introduced species. The useful-
ness of this approach critically depends on identifying
the environmental factors that govern occurrence and
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understanding how the relative importance of differ-
ent factors can change with the spatial grain of analy-
sis (Menke et al. 2009; Manzoor et al. 2018).

As for invasions generally, studies on introduced
ants commonly employ ecological niche models to
predict regional occurrence (Morrison et al. 2004;
Roura-Pascual et al. 2004; Menke et al. 2009; Ber-
telsmeier et al. 2013; Kumar et al. 2015; Nair et al.
2024). Such modelling efforts typically use climate
data (temperature and precipitation) to forecast where
ant invasions are most likely to occur and how these
distributions may change under different climate
change scenarios. Within regions deemed to have
suitable climates to support introduced ants, environ-
mental filtering can influence occurrence at finer spa-
tial scales (Menke et al. 2009). The factors underlying
such filtering are critical to understand because they
can influence susceptibility to invasion at the ecosys-
tem scale. Many protected areas set aside for conser-
vation, for example, have environments suitable for
introduced species yet are not currently invaded, sug-
gesting future challenges resulting from the spread of
such species (Liu et al. 2020). Experiments (Menke
et al. 2007; Tschinkel and King 2017), longitudinal
studies (Holway 1998; Sanders et al. 2001; Krush-
elnycky and Gillespie 2010; Naughton et al. 2020;
Couper et al. 2021), and historical resurveys (Morri-
son 2002; Hoffmann and Parr 2008; Wetterer 2017,
Menke et al. 2018; Probert et al. 2020) can all con-
tribute to an understanding of susceptibility to inva-
sion at fine spatial scales.

Here we use multi-decade, resurvey data to exam-
ine changes in Argentine ant occurrence in two pro-
tected areas in coastal southern California. Ecologi-
cal niche modelling studies have identified climatic
factors that shape regional scale occurrence of this
invader (Roura-Pascual et al. 2004; Menke et al.
2009; Nair et al. 2024). In semiarid regions a posi-
tive association between the Argentine ant and water
is also long recognized (Tremper 1976; Ward 1987)
and supported by field experiments that employ irri-
gation to encourage spread in seasonally dry environ-
ments (Menke and Holway 2006; Menke et al. 2007).
Moreover, long-term-studies in California invoke
dry conditions as a key factor limiting invasion.
For example, Menke et al. (2018) and Couper et al.
(2021) both identified the 2012-2015 drought, which
was the most severe drought experienced in Califor-
nia in several centuries (Belmecheri et al. 2016), as a
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factor impacting site-level Argentine ant persistence
in natural areas. In urban areas in San Diego, Menke
and Holway (2020) speculated that localized retrac-
tions of the Argentine ant could partly be the result of
reductions in residential irrigation driven by increas-
ing costs of water in this region. Given that climates
within the Argentine ant’s expansive introduced range
vary from wet temperate climates (southern Japan,
southeastern North America) to semiarid Mediter-
ranean climates (coastal southern California), the
importance of soil moisture in limiting the distribu-
tion of this species likely increases with decreasing
annual precipitation, the length of the dry season,
and, at finer spatial scales, heterogeneity in soil mois-
ture resulting from how different soil types retain
water.

Given variation in water retention capacities across
soil types, soils should play a role in limiting Argen-
tine ant spread in seasonally dry environments. Not
surprisingly, a number of authors describe associa-
tions between Argentine ant occurrence and soil-type
variation, but no published studies have established a
mechanistic link between these two variables. Trem-
per (1976) speculated that the apparent association
between alluvial soils and Argentine ant presence in
northern California might be related to this soil type
being easy for ants to excavate. In southern Portugal
Way et al. (1997) qualitatively described both posi-
tive and negative associations between Argentine ant
occurrence and different soil types but did not spec-
ulate on what might underlie these relationships. In
coastal southern California, where soil moisture con-
trols the spread of the Argentine ant (Menke and Hol-
way 2006; Menke et al. 2007), soil-type heterogene-
ity seems likely to influence the local distribution of
this invader and how it might change in response to
drought conditions.

We resurveyed two protected areas in coastal
southern California (i) to determine how the distribu-
tion of the Argentine ant has changed over a multi-
decade time span, and (ii) to assess if distributional
changes are associated with soil-type variation.
Between 2022 and 2024, we resurveyed 111 sampling
points at Torrey Pines State Reserve (King 1999)
and the Point Loma Ecological Conservation Area
(Suarez, A.V., unpublished) that were originally sur-
veyed for the Argentine ant between 1995 and 1997.
This resurvey differs from others conducted in this
region (Menke and Holway 2020; Achury et al. 2021)
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in that the sampling was conducted at a finer spa-
tial scale; our data thus allow for an analysis of site-
level patterns of spread. The multi-decade time span
separating the original surveys from the subsequent
resurveys is sufficient (based on rates of Argentine
ant spread by budding) to reveal limits to Argentine
ant invasion (if present) and to determine if these lim-
its reflect underlying abiotic factors (e.g., soil-type
variation).

Methods
Study sites

The two locations resurveyed in this study both lie
along the coastline of San Diego County, California.
Torrey Pines State Reserve (TPSR) protects 809 ha
of coastal sage scrub and chaparral and is managed
by the California State Park Service. The Point Loma
Ecological Conservation Area (PLECA) preserves
263 ha of coastal sage scrub habitat under the joint
management of the National Park Service and the US
Navy. At both locations human visitation is restricted
to existing roads and trails, and perennial vegetation
is almost entirely native. Away from the immediate
coastline, natural vegetation at PLECA and TPSR is
bordered by irrigated areas with ornamental vegeta-
tion. GPS coordinates and maps associated with the
original surveys (King 1999, Suarez, A.V., unpub-
lished) allowed us locate original sampling locations.
GPS coordinates for all resurveyed sites are listed in
Appendix 1 (TPSR) and Appendix 2 (PLECA).

Survey/resurvey methods

Pitfall traps were used to survey ants in the origi-
nal surveys and the subsequent resurveys. At TPSR
pitfall traps were deployed at every sampling point
(n =95) on the following dates: fall 1995—summer
1997 (original survey) and July 2023 (resurvey). At
PLECA pitfall traps were deployed at every sam-
pling point (n =16) on the following dates: March
1996 and July 1997 (original survey) and March and
July 2022 (resurvey). In the original surveys pitfall
traps consisted of 240-ml glass jars, 73 X89 mm
(Qorpak, Bridgeville, PA, USA) containing a 50:50
solution of water and (non-toxic) antifreeze. For the
resurveys individual pitfall traps consisted of 50-ml,

plastic centrifuge tubes filled with a solution of
either unscented dish soap, salt, and water (TPSR)
or water and (non-toxic) antifreeze (PLECA). At
each sampling point in the original surveys and
the PLECA resurvey, we used five pitfall traps in a
configuration resembling the five on a die with 20
m between traps on each corner and a fifth trap in
the center. These traps were left open in the field
for five days. For the TPSR resurvey we used three
pitfall traps at each sampling point; traps were sepa-
rated by 5 m and arranged in a triangle. These traps
were left open in the field for two days.

Owing to methodological differences in the pit-
fall trap sampling between the original surveys and
our subsequent resurveys, we also conducted at
least two visual searches and used baits within 10
m of sampling points where the Argentine ant was
detected in pitfall trap samples in the original sur-
veys but not in the resurveys. Documentation of
apparent absences represents a general challenge
in historical resurveys, and repeated, point-level
sampling serves as an objective and recommended
method to cope with this challenge (Tingley and
Beissinger 2009). Visual searching involved visiting
target sampling points at both TPSR and PLECA
during the spring and summer in 2023 or 2024
under weather conditions favorable for Argentine
ant foraging. We visually searched for ants by exam-
ining bare ground, vegetation, and under stones.
This approach is an effective means of detection for
the Argentine ant (Menke et al. 2018; Menke and
Holway 2020), especially in areas with open veg-
etation. Visual searches lasted 60 min or until the
Argentine ant was detected. If the Argentine ant was
not detected within 60 min, then we used four baits
each consisting of c. 5 ml of cookie crumbs (Pecan
Sandies, Keebler®) placed in areas of open soil. We
inspected baits after 60 min.

To obtain a broader perspective regarding the dis-
tribution of the Argentine ant at TPSR and PLECA,
we also surveyed sampling points that were not part
of the original surveys. Appendices 1 and 2 list GPS
coordinates for these additional sampling points at
TPSR (n =16) and PLECA (n =168). At additional
sampling points, we relied on visual searches (as
described in the preceding paragraph) conducted in
2023 or 2024 and under weather conditions favorable
for Argentine ant foraging to determine the presence
or absence of this species. Sites identified as absences
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were in most cases occupied by native ants sensitive
to Argentine ant displacement.

Statistical analysis

We created maps of TPSR and PLECA in ESRI Arc
GIS that included the following information: Argen-
tine ant presence or absence at all sampling points
where pitfall trapping was conducted, Argentine ant
presence or absence at additional sampling points
(surveyed in 2023 and 2024), distance to the nearest
paved road, and soil type coverage. The layers used
to make these maps are accredited to the California
Department of Parks and Recreation Park Routes
(Recreational Routes.gdb; www.parks.ca.gov/?page_
1d=29682) and the Natural Resources Conservation
Service (Soil Survey Staff, Natural Resources Con-
servation Service, United States Department of Agri-
culture; Soil Survey Geographic (SSURGO) Data-
base for San Diego Co., CA).

The spatial heterogeneity of soil types at TPSR
combined with the number of sampling points at
this location made it possible to examine associa-
tions between soil type (Table 1) and Argentine ant
occurrence. We used contingency table analyses to
address the following questions. (i) Were sampling
points with and without the Argentine ant in the orig-
inal survey independently distributed with respect to
soil type? (ii) Do the observed frequencies of retrac-
tions (i.e., sampling points where the Argentine ant
was detected in the original survey but not in the
resurvey) in the different soil types differ from the
expected frequencies based on the distribution of the
Argentine ant across soil types in the original survey?
We used a Welch’s two-sample #-test to determine if

Table 1 Physical properties of the four most common soil
types at Torrey Pines State Reserve (TPSR) and the number of
sampling points in each soil type. Soil types: Corralitos loamy
sand (CsD), Carlsbad gravelly loamy sand (CbC), Loamy allu-
vial land-Huerhuero complex, (LvF3), and Terrace escarp-
ments (TeF). Soil water retention, the ability of soil to retain
water, is a function of soil particle size, soil compaction, and
percent organic matter

CsD CbC LvF3 TeF
Percent sand 81.1 83.5 100 100
Water retention 0.08 0.06 0.00 0.00
Sampling points in 11 22 24 36

original survey
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sampling points with and without the Argentine ant
in the original survey differed with respect to distance
to the nearest paved road. We used one-way ANO-
VAs (i) to test if sampling points where the Argentine
persisted (present in both surveys), sampling points
where the Argentine ant retracted, and sampling
points that were never invaded differed with respect
to distance to the nearest paved road in the resurvey,
and (ii) to test if sampling points in the four most
common soil types and occupied by the Argentine ant
in the original survey differed with respect to distance
to the nearest paved road. We considered ‘distance to
the nearest paved road’ as a variable in these analy-
ses because introduced species in general can spread
along roads. At PLECA the smaller number of sam-
pling points in the original survey precludes us from
being able to perform comparable statistical analyses.
We performed all statistical analyses in R (R Core
Team 2021). All data used in this study are summa-
rized in Appendix 1 and 2.

Results

Resurveys of TPSR and PLECA revealed expansive
areas at both locations where the Argentine ant has
failed to invade over a multi-decade time scale. At
TPSR, in fact, the distribution of the Argentine ant
has contracted (Fig. 1, Table 2). In the original TPSR
survey the Argentine ant was detected at 75% (71/95)
of sampling points, whereas in the resurvey this
species was only found at 46% (44/95) of sampling
points (Fig. 1). Sampling points with and without the
Argentine ant in the original TPSR survey did not dif-
fer with respect to distance from the nearest paved
road (Welch’s two-sample r-test: = 1.12, df =30.88,
P=0.27). Likewise, in the TPSR resurvey, the three
categories of sampling points (i.e., Argentine ant
always present, never present, and retraction) also
did not differ with respect to distance from the near-
est paved road (one-way ANOVA: F,q,= 1.31, P=
0.28). The resurvey at PLECA revealed a more static
pattern of occurrence (Fig. 2, Table 2): the Argentine
ant was detected at 25% (4/16) of sampling points in
the original survey and at 31% (5/16) of points in the
resurvey (Fig. 2). Visual surveys and baiting at sam-
pling points in 2023 and 2024 revealed Argentine
ant presence at three sampling points (two at TPSR,
one at PLECA) where this species was absent from


http://www.parks.ca.gov/?page_id=29682
http://www.parks.ca.gov/?page_id=29682

Historical resurveys provide support for abiotic limits to Argentine ant invasion in southern...

Page 5of 11 123

Fig. 1 Argentine ant
status at Torrey Pines State
Reserve based on a histori-
cal resurvey of 95 sampling
points (always present,
always absent, retreat) and
16 additional sampling
points surveyed between
2022 and 2024 (absent—
visual, present—visual).
Soil type names are as
follows: Carlsbad gravelly
loamy sand, 0-5% slopes
(CbB), Carlsbad gravelly
loamy sand, 5-9% slopes
(CbC), Carlsbad gravelly
loamy sand, 9-15% slopes
(CbD), Chesterton fine
sandy loam (CfC), Chino
silt loam (CkA), Coastal
beaches (Cr), Corralitos
loamy sand, 5-9% slope
(CsC), Corralitos loamy
sand, 9-15% slopes (CsD),
Loamy alluvial land-
Huerhuero complex (LvF3),
Marina loamy coarse sand,
2-9% slopes (MIC), Marina
loamy coarse sand (MIE),
and Terrace escarpments
(TeF)

pitfall trap samples in the resurvey. In both resurveys,
we found fewer native ant species at sampling points
with the Argentine ant compared to those without the
Argentine ant (Table 2).

At TPSR both the distribution of the Argentine ant
and how it changed over time depended on soil type.
Sites with and without the Argentine ant in the origi-
nal survey were unequally distributed with respect
to soil type (Fig. 3A; Fisher exact test: P< 0.0001).
All sampling points in soil types CbC and CsD were

EArgentine ant status
i o Always Absent

‘ O Always Present

©  Retreat

A Absent - Visual

Present - Visual

| ChC - 83.5%
R CbD - 83.5%
' CfC - 63.5%

Md - NA

. MIC-80.2%
.| MIE-80.2%

| TeF-100% N

invaded, whereas more than half of sampling points
in soil type TeF were uninvaded (Fig. 3A). In the
resurvey, the observed frequencies of retractions
in different soil types differed from the expected
frequencies based on the pattern of Argentine ant
occurrence across soil types in the original survey
(Fig. 3B; Chi-square test: X?= 10.67, df =3, P=
0.014). We observed fewer retractions than expected
in soil types CbC and CsD and more than expected in
soil types LvF3 and TeF (Fig. 3B). Sampling points

@ Springer
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Table 2 (i) Argentine ant occurrence and (ii) native ant rich-
ness at Torrey Pines State Reserve (TPSR) and the Point Loma
Ecological Conservation Area (PLECA). Argentine ant occur-
rence values are based on the original surveys and subsequent
resurveys. Native ant richness values are based on subsequent

resurvey data only. For each location, richness estimates with
different superscripts significantly differ: TPSR (one-way
ANOVA: F,q4,= 26.59, P< 0.00001) and PLECA (Welch’s
two-sample #-test: 1= —3.56, df =5.054, P=0.016)

(1) Number of sampling points occupied by the Argentine ant

Location Present both surveys Absent both surveys Expansions Retractions
TPSR 44 24 0 27

PLECA 4 11 0

(i1) Mean (+ SE) number of native ant species per sampling point

Location Present both surveys Absent both surveys Expansions Retractions
TPSR 1.34 +£0.24* 3.58 +0.28° n/a 3.63 £0.29°
PLECA 1.50 +£0.50% 3.55£0.28" 0.0+0.0 n/a

in the different soil types did not differ with respect
to their distance to the nearest paved road (one-way
ANOVA: F;g45= 2.37, P= 0.076). Soil type hetero-
geneity is lower at PLECA compared to TPSR, but
the uninvaded sampling points at the tip of the penin-
sula (Fig. 2) were mostly in relatively unconsolidated,
sandy soil and distant from sources of irrigation (e.g.,
Fort Rosecrans National Cemetery). Invaded sam-
pling points at PLECA (Fig. 2), in contrast, were all
in close proximity to (or downslope from) sources of
irrigation.

Discussion

The resurveys conducted in this study revealed
unambiguous limits to Argentine ant invasion. The
time span separating the original surveys from the
subsequent resurveys coupled with the observed
distributions, which have either contracted (TPSR)
or appear static (PLECA), provide compelling
evidence that the Argentine ant hasn’t continued
to spread at these locations. This conclusion is of
course predicated on the assumption that temporal
patterns of Argentine ant occurrence at sampling
points are representative of changes that may have
occurred elsewhere at each location. That said, the
interval of time between the surveys and the resur-
veys would have been more than sufficient for this
species to spread throughout uninvaded portions
of TPSR and PLECA based on published rates of
spread by budding (Holway 1998). These findings
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are noteworthy given that the Argentine ant is wide-
spread and abundant in coastal southern California
(Suarez et al. 1998; Holway 2005; Mitrovich et al.
2010; Hanna et al. 2015; Menke and Holway 2020;
Achury et al. 2021), especially along the immedi-
ate coast (Richmond et al. 2019). Our results further
point to an association between soil type variation
and Argentine ant invasion success.

The observational nature of this study precludes a
conclusive determination of what factors act to limit
Argentine ant spread. Past experimental studies,
however, demonstrate that abiotic factors can play a
central role (Menke and Holway 2006; Menke et al.
2007). Menke and Holway (2006), for example, used
drip irrigation to elevate soil moisture levels in dry
areas contiguous with sites invaded by the Argen-
tine ant. Irrigation stimulated Argentine ant spread,
and the cessation of irrigation led to a symmetrical
and opposite response. The experiments described in
Menke and Holway (2006) seem particularly relevant
to the present study given that one replicate was in
PLECA and a second was 4 km east of TPSR. Our
observation that soil type influenced both susceptibil-
ity to invasion and persistence provides an additional
line of evidence supporting the hypothesis that dry
soils limit spread. The two soil types that were the
least invaded in the original survey and also the most
overrepresented in terms of the number of observed
retractions (LvF3, TeF) have a lower ability to retain
water (and a higher fraction of sand) compared to the
other two soil types (CbC, CsD) (Table 1). Elsewhere
in this region, the Argentine ant typically does not
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Fig. 2 Argentine ant status
at Point Loma Ecological
Conservation Area based
on a historical resurvey of
16 sampling points (always
present, always absent,
retreat) and 80 additional
sampling points surveyed
between 2022 and 2024
(absent—visual, present—
visual). Soil type names
are as follows: Carlsbad
gravelly loamy sand, 5-9%
slopes (CbC), Carlsbad
gravelly loamy sand, 9-15%
slopes (CbD), Coastal
beaches (Cr), Gaviota fine
sandy loam, 9-30% slopes
(GaE), Gaviota fine sandy
loam, 30-50% slopes
(GaF), Hambright gravelly
clay loam, 30-75% slopes ®  Always Absent
(HaG), Loamy alluvial
land-Huerhuero complex
(LvF3), Marina loamy
coarse sand, 2-9% slopes
(MIC), Reiff fine sandy
loam, 0-2% slopes (RkA),
Reiff fine sandy loam,
5-9% slopes (RkC), Rough
broken land (RuG), Steep

Always Present
Expansion
Absent - Visual

> » OO0

Present - Visual
% Sand

CbC - 83.5%
CbD - 83.5%

i -92.9%
gullied land (StG), and Ter- | Cr-92.9% o
race escarpments (TeF) — GaE - 66.1%

| | GaF-66.1%

HaG - 35.4%
LvF3 - 100%

| | MIC-80.2%
| | RkA-66.9%
| | RkC-66.9%
|| TeF-100%

RUG - NA
StG - NA
Water

occur in areas with sandy soils that are not irrigated
or that lack a source of naturally occurring water.
Alternative explanations for abiotic limits to inva-
sion cannot be ruled out given the data presented
here but seem less likely. Soil moisture variation, for
example, could indirectly influence the Argentine
ant through its effects on plant growth (Menke and
Holway 2006), which could in turn enhance habitat
suitability. At both TPSR and PLECA, however, we
observed no obvious qualitative association between

Argentine ant persistence and plant assemblage com-
position. Biotic resistance in the form of interspecific
competition from native ants also seems unlikely to
explain the observed distributional limits. Studies
throughout California report evidence for interspe-
cific competition between native ants and the Argen-
tine ant (Tremper 1976; Ward 1987; Human and Gor-
don 1996; Holway 1998, 2005; Suarez et al. 1998;
Sanders et al. 2001; Mitrovich et al. 2010; Hanna
et al. 2015; Naughton et al. 2020), but multi-year
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Fig. 3 Argentine ant
occurrence and soil type at
Torrey Pines State Reserve 25

>

W Presence

B Absence

(TPSR). A The frequency T
of Argentine ant pres-
ences (closed bars) and 2 20
absences (stippled bars) in -g T
the original survey across =
four different soil types. B =
The observed frequency i 15 +
of retractions (closed bars) £
across four different soil &
types and the expected 5 10 +
frequency of retractions 5
(stippled bars) based on the 2
distribution of the Argen- g 5 4
tine ant across soil types in =z
the original survey
0
CsD
14 +
12 +
[2)
=
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=
3 81
E
8
w 6 T
o
e
3
4 4+
S
S
z
2
0

CbhC LvF3 TeF
Soil type

W Retraction

[ Expected Retraction

studies also document the active displacement of
native ants as Argentine ant invasion fronts advance
into abiotically suitable natural areas (Erickson 1971;
Holway 1998; Sanders et al. 2001; Tillberg et al.
2007; Naughton et al. 2020). Moreover, experimen-
tal removal of native ants from an abiotically unsuit-
able areas does not result in Argentine ant expansion
(Menke et al. 2007). Lastly, the native ant species
most common at TPSR (King 1999) and PLECA
(Suarez, A.V., unpublished), are primarily species, or
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ChC LvF3 TeF
Soil type

congeners of species, that the Argentine ant displaces
in other locations (Menke et al. 2018; Naughton et al.
2020).

Introduced ant populations can decline in abun-
dance and contract in distribution over time (Cooling
et al. 2011; Cooling and Hoffmann 2015; Lester and
Gruber 2016; Tartally et al. 2016). While large-scale
surveys are better suited to address population-level
declines compared to small-scale surveys like the
present one, we do not believe that the distributional
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limits observed in the present study represent local
manifestations of large-scale declines. At TPSR,
for example, where we observed retractions at more
than a third of formerly occupied sampling points
(Table 1), the Argentine ant remains abundant in
riparian vegetation bordering Los Pefiasquitos Creek
in the southeastern portion of the reserve. At PLECA,
additional sampling conducted in 2023 and 2024
(but not between 1995 and 1997) revealed that the
Argentine ant occurs widely at this location (Fig. 2).
Moreover, recently conducted resurveys conducted
at broader spatial scales in this region found no evi-
dence of regional Argentine ant decline (Achury et al.
2021; Menke and Holway 2020).

Inadequate soil moisture could hinder invasion by
other invaders that cannot tolerate dry conditions.
Staubus et al. (2020), for example, found that dry
conditions were associated not only with decreased
Argentine ant invasion but decreased invasion of
other non-native arthropods as well. Restoration
efforts that alter stream flow or employ irrigation
should consider risks posed by invasion of non-native
species that benefit from altered physical conditions.
At both TPSR and PLECA, reductions in the use of
irrigation (e.g., for plant restoration efforts) over the
past two decades may have contributed to the patterns
reported in this study. Conservation of native arthro-
pods in semiarid regions might thus benefit from risk
assessments that consider how moisture-loving intro-
duced species may be limited by dry conditions.
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