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Abstract The species—area relationship (SAR) is
one of the most general patterns in ecology. Recently,
SARs have been employed as tools for comparing the
ecology and biogeography of native and exotic species
across spatial scales and exploring the influence of
invasive species on native biodiversity. Here, we
assess published studies to determine if SARs differ
between native and exotic assemblages. We conducted
a literature search to find studies that estimated the
exponent (z) of the power-law SAR for native and
exotic species across the same set of locales. We also
compiled intercepts (c) of SARs where available. We
used linear mixed models to test if z and ¢ differed
between native and exotic SARs and if this relation-
ship differed across taxa. Our literature search pro-
duced 36 native-exotic pairs from 23 studies with
which to compare the exponent of the power-law SAR.
Further, SAR intercepts were available for 21 native-
exotic pairs. Overall, exotic SAR exponents (z) did not
differ from those of natives. However, this pattern did
not hold across all taxonomic groups. Plant
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assemblages, which are best represented in our data
(61% of total), mirrored the overall pattern showing no
differences in exponents between native and exotic
SARs. On the other hand, SAR exponents were greater
for both native bird and animal assemblages. The
intercepts (c) of native SARs were significantly
greater than those of exotics for all taxa combined
and for each individual taxonomic grouping. Our
results suggest processes driving the increase in
species richness with area are similar for native and
exotic plant species, but not for animals. Expanding
studies that compare SARs of native and exotic
species to more taxonomic groups and different types
of SARs (e.g., nested, contiguous, non-contiguous)
will facilitate a better understanding of how native and
exotic species richness scale with area.

Keywords Birds - Exotic - Invasive species - Non-
native species - Plants - Species area relationship

Introduction

The species—area relationship (SAR) is one of the most
general patterns in ecology (Rosenzweig 1995; Lomo-
lino 2000). The change in species richness with area is
commonly modeled by a power law function (Arrhenius
1921), S = cA%, and is log—log transformed for statistical
utility, log(S) = log(c) + z x log(A) (Connor and
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McCoy 1979; Dengler 2009). The exponent of the
power-law SAR, z, models the rate at which species
richness increases with area in log—log space (Connor
and McCoy 1979). The exponent of the power-law SAR
has been studied to elucidate general rules for how
species richness scales with area (Preston 1962; Connor
and McCoy 1979; Lomolino 2000) and to compare and
contrast SARs across taxonomic groups (e.g., Ricklefs
and Lovette 1999), island and mainland systems, and
locales differing in minimum area, maximum area, and
arearange (Rosenzweig 1995; Lomolino 2000; Drakare
et al. 2006). The intercept of the power-law SAR, c,
interpreted as species richness per unit area, has received
considerably less attention (Gould 1979; Triantis et al.
2012).

More recently, SARs have been employed as tools
for comparing the ecology and biogeography of native
and exotic species across spatial scales (Sax and
Gaines 2006). Whether or not exotic species are
fundamentally different from natives is a central
question in ecology (Daehler 2003; Ordonez et al.
2010; Lemoine et al. 2016). SARs have the potential to
elucidate differences between native and exotic
species because they are influenced by both environ-
mental and species characteristics and integrate sev-
eral ecological processes such as habitat filtering,
dispersal limitation, and species interactions (Rosen-
zweig 1995; He and Legendre 2002; Rosindell and
Cornell 2009). Thus, comparing the z values of SARs
can provide insights into how native and exotic species
richness covary in response to biotic and abiotic
conditions (Sax and Gaines 2006; Stark et al. 20006),
which in turn can provide insights about whether they
are fundamentally different or not.

Purported differences between native and exotic
species (Daehler 2003; Ordonez et al. 2010; Lemoine
et al. 2016) and observed patterns of native and exotic
species diversity (Stohlgren et al. 1999; Fridley et al.
2007; Dyer et al. 2016; Carpio et al. 2017) can inform
predictions of how z values of SARs should differ
between native and exotic assemblages. For example,
one of the traits that is most associated with variation
in z values is dispersal ability (Rosenzweig 1995).
Taxa or species groups that have high dispersal ability
are predicted to have lower z values. Dispersal ability
is thought to be an important characteristic of exotic
species (O’Connor et al. 1986; Sakai et al. 2001;
Daehler 2003; but see Flores-Moreno et al. 2013). If
exotics are better dispersers than native species, then
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we expect z values from exotic SARs to be lower than
those of natives. On the other hand, the fact that native
species have had a longer time period than exotics to
disperse across the landscape (e.g., archipelago,
country, continent) is a potential mechanism by which
native SARs can have lower z value than exotic SARs.

Another trait that has been ascribed to exotic and
invasive species is adaptability (Daehler 2003; Black-
burn et al. 2009). Phenotypic plasticity (Daehler 2003;
Funk 2008; Davidson et al. 2011) and traits related to
coping with novel environments (e.g., greater diet
breadth, habitat breadth, Blackburn et al. 2009) are
posited to facilitate the establishment and spread of
exotic species. If exotics are more adaptable than
natives, then they are likely to be found in more habitat
types across their introduced range. As a result of this
broader habitat niche, when sampling at larger scales,
you are less likely to sample a “new” exotic species
than a “new” native species. In terms of the SAR, this
mechanism equates to larger z values for native
assemblages.

While traits such as dispersal ability or those related
to adaptability can drive differences in SARs between
native and exotic species, broad-scale native-exotic
richness relationships (NERRs) can also inform our
predictions for SARs. At large spatial scales, there is
strong evidence that NERRs are positive, with exotic
species richness increasing with native species rich-
ness (Stohlgren et al. 1999, 2003; Herben et al. 2004;
Fridley et al. 2007; Dyer et al. 2016; Carpio et al.
2017). This suggests that native and exotic species
richness are responding to the same factors at larger
spatial scales. Positive NERRs provide a potential
mechanism for the null expectation that there is no
difference between z values for native and exotic
SARs or more generally put, there is no difference
between native and exotic species.

Stochastic processes also play a key role in the
invasion process (Blackburn et al. 2015). For example,
propagule pressure can overwhelm deterministic pro-
cesses (Holle and Simberloff 2005; Lockwood et al.
2005) resulting in idiosyncratic patterns of exotic
establishment at the local scale due to the location of
introductions, number of introduction events, and the
number of individuals introduced. As a result, local
sites may have different exotic species while sharing
native species that have had more time to disperse and
establish across the landscape. Consequently, as area
increases, exotic species richness can increase at a
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greater rate than native species richness (i.e., have
larger SAR z values) because more locally established
exotic species (i.e., species with small distributions)
occur in larger areas, whereas relatively fewer new
native species are added with increases in area because
they simply have larger ranges (i.e., natives are more
likely to have been previously sampled at a smaller
spatial scale). Indirect evidence for this mechanism is
that exotic plants have been shown to increase beta-
diversity at smaller scales (McKinney 2004; Martin
and Wilsey 2015) and non-natives that have had a
shorter residence time increase beta-diversity when
compared to non-natives that have had a longer
residence time (Lososova et al. 2012).

A comparison of SARs may not be able to pinpoint
drivers of differences in spatial diversity of native and
exotic species as several mechanisms, including the
ones mentioned above, can lead to the same patterns.
Studies of native and exotic SARs are, however, a step
forward in elucidating factors that structure exotics
across spatial scales and can generate hypotheses
regarding mechanisms. Furthermore, there is recent
evidence that SARs serve as proxies for the responses
of species to environmental and anthropocentric
variables (Tittensor et al. 2007; Li et al. 2018). Here,
to test whether native and exotic species respond
similarly to changes in area, we compared the
exponent of the power-law SAR, z, across 36 pairs
of native-exotic SARs compiled from 23 publications.
We also tested differences in the intercept, ¢, of native
and exotic SARs across 21 pairs from 14 studies that
reported them. We expect that ¢ values for native
SARs will be greater than those of exotic SARs. We
further explored the role of taxonomic group, mini-
mum and maximum area, area range across study sites,
and island vs. mainland location (henceforth denoted
as island-mainland) to better understand what drives
differences in native and exotic SARs.

Methods
Data

We conducted a systematic literature search using the
PRISMA guidelines (Supporting Information, Appen-
dix A; Moher et al. 2009). We searched the terms
“species—area” AND “invasive” OR “exotic” OR
“non-native” in Google Scholar and the ISI Web of

Science database to identify papers that studied SARs
for exotic species. We then evaluated each study to
determine if: (1) the study was about species area
relationships; (2) the authors modeled SARs for both
native and exotic species at the same locales, (3) the
authors provided the exponent of the SARs (z) and a
measure of variance around z from a univariate model
(log(S) = log(c) + z x log(A)) or provided the data
that allowed for its calculation (Supporting Informa-
tion, Appendix A). For papers that provided estimates
of z without a measure of variance, we used the R
package “digitize” (Poisot 2011) to extract data from
SAR plots and calculated standard errors, when
possible. Additionally, for the papers that met these
criteria, we explored their references and the papers
that cited them and evaluated these additional papers
according to the same criteria. The screening process
resulted in 36 native-exotic pairs coming from 23
different papers (Table 1). Of these 36 native-exotic
pairs, 21 reported SAR intercepts (c). All intercepts
were logl0 transformed (i.e., intercepts that were log
transformed in the original study were back trans-
formed and then log10 transformed) to allow compar-
isons of the intercepts across studies. We further
extracted data on the taxonomic group, the minimum,
maximum, and range of area across the study, and
whether the locales in the study are islands or
mainland locations. We also recorded all available
information for each species—area model (e.g., p val-
ues, R?; Supporting Information, Appendix B).

Analysis

To test whether native and exotic species have
different SAR parameters, we used Linear Mixed
models (LMM) with z or ¢ as the response variable and
provenance (native or exotic) as the fixed term along
with native-exotic pair nested in study as random
terms. Each model had a Gaussian error distribution
and identity link function. Models were weighted by
the inverse of parameter (z or ¢) standard errors. We
assessed residuals to insure model assumptions were
met. We fitted models with the R package Ime4 (Bates
et al. 2015). We conducted individual LMMs for
plants, birds, animals (including birds), and all taxa
together.

To test whether the differences between SAR
parameters of native and exotic species varied among
taxonomic groups, we constructed a LMM with
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Table 1 Data sources and taxa for the analysis of native and exotic species—area relationships

Taxa Source

Plants Ackerman et al. (2017)"; Bennett et al. (2012)"; Blackburn et al. (2016)"; Burns (2015)"; Chiarucci et al. (2017);
Chown et al. (1998)'; Denslow et al. (2010)'; Gram et al. (2004)'; Houlahan et al. (2006)"; Hulme (2008)"; Li et al.
(2018)"; Long et al. (2009)'; Malkinson et al. (2018)"; Nichols and Nichols (2008); Pysek (1998)'; Sax and Gaines
(2006)?; Stark et al. (2006)*; Tarasi and Peet (2017)"

Birds Blackburn et al. (2008); Blackburn et al. (2016)"; Chown et al. (1998)"; Flaspohler et al. (2010)"; Li et al. (2018)"
Ants Roura-Pascual et al. (2016)1
Insects Chown et al. (1998)"

Beetles Whittaker et al. (2014)"
Frogs Gao and Perry (20]6)1
Lizards Gao and Perry (2016)"
Turtles Gao and Perry (2016)"
Crocodillians  Gao and Perry (2016)1
Gao and Perry (2016)"
Whittaker et al. (2014)"

Snakes

Spiders

Each superscript value after each citation represents the number of native-exotic pairs per taxa for the given study

provenance, taxa (plant or animal), an interaction
between provenance and taxa, island-mainland, min-
imum area, and area range as fixed terms. The
response variable(s), random terms, distribution, link
function, and weights are the same as the above
LMMs. Minimum area and area range were scaled to
have mean of zero and standard deviation of one
before fitting the model. The interaction between
provenance and taxa accounts for the possibility that
SAR slopes of native and exotic species may change
across taxa. We did not include maximum area in this
model because it was highly correlated with area range
(r=0.99). We also did not include interaction
between provenance and island-mainland in the model
for the following reasons. First, island-mainland has a
high correlation with taxa (Spearman p = — 0.50,
p < 0.001) because of the uneven spread of plant and
animal taxa across islands and mainland (most plant
studies were on the mainland while most animal
studies were on islands, see details in the Results),
including provenance * island-mainland would make
it hard to study provenance * taxa given the collinear-
ity between island-mainland and taxa. Second, we did
not find any evidence for an interaction between
provenance and island-mainland when testing z or
c values for the animal or plant data sets separately
(Supporting Information, Appendix C and D). We
conducted backward stepwise selection on the fixed
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effects in the full model using the “step” function in
the R package ImerTest (Kuznetsova et al. 2017). We
used the R package ImerTest (Kuznetsova et al. 2017)
to calculate p values for fixed terms in all LMMs with
the Kenward-Roger approximation.

Results

Comparison of exponents (z) between native
and exotic SARs

Our Web of Science search yielded 106 studies and we
evaluated the first 200 studies from the Google Scholar
search results. After removing duplicates, our litera-
ture search yielded 281 studies. We then screened
these 281 studies and added eight additional papers
that were either referenced or cited in the papers that
met our criteria (Appendix A). Our systematic search
yielded 36 native-exotic pairs from 23 studies to
compare the exponents of the species—area relation-
ship (Table 1). Of these data pairs, 22 were composed
of plant data, five were bird data, four were reptiles,
four were invertebrates, and one was composed of
amphibians. Due to the small sample size, we included
all non-plant taxa in the group “animals” for analyses.
Minimum locale area ranged from 3.9 x 107° to
1 x 10° km? maximum locale area ranged from
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1.6 x 107% to 5 x 10° kmz, and the range of area
across locales within a study was from 1.6 x 10~ to
5 x 10° km?. Of the 36 data pairs, 16 were from
mainland studies, 20 were from studies where islands
were the locales (Supporting Information, Appendix
B). The majority of our plant data came from mainland
systems (14/22 data pairs) and majority of our animal
data came from island systems (12/14 data pairs). All
but two of our native-exotic pairs were type IV SARs
defined by Scheiner (2003). The other two studies
(Hulme 2008; Tarasi and Peet 2017) in our literature
search reported multiple SARs built from nested
quadrats (e.g., type L, sensu Scheiner 2003) within the
same system. Hulme (2008) reported five SARs for
plants in England, UK; Tarasi and Peet (2017)
reported 4501 SARs for plants in North and South
Carolina, USA. For each of these studies, we took the
mean z and c¢ estimates and standard errors across all
SARs.

Overall, exotic (observed mean = 0.233, SD =
0.166) and native SARs (observed mean = (0.248,
SD = 0.149) did not differ in their z values (Table 2).
Fifteen of the comparisons showed that exotic z values
were greater than native values, 19 comparisons
showed natives with larger SAR exponents, and 2
comparisons had the same native and exotic z values
(Fig. 1a). Breaking this result down by taxonomic
group, exotic plants (observed mean = 0.293, SD =
0.159) did not have significantly different z values
than natives (observed mean = 0.301, SD = 0.144;
Table 2), with 10 exotic SARs having greater z values
than that of natives, 11 z values were greater for
natives, and in one case z was the same between native

and exotic SARs (Fig. 1b). Native birds (observed
mean = 0.186, SD = 0.129) had significantly greater
SAR exponents than exotic birds (observed mean =
0.131, SD =0.097; Table 2) and showed higher
z values for native SARs in four out of five cases
(Fig. 1c). The z values of native animals (including
birds; observed mean = 0.165, SD = 0.118) were
significantly greater than those of exotics (observed
mean = 0.139, SD = 0.133; Table 2), with 8 out of 14
native SARs showing higher z values (Fig. 1d). The
final LMM model resulting from stepwise selection
included the variables provenance, taxa and island-
mainland (Table 3). There was no significant effect of
provenance on z values while plants and assemblages
on islands had significantly greater SAR exponents
(Table 3).

Comparison of intercepts (c) between native
and exotic SARs

Of our 36 native-exotic pairs that reported z values, 21
reported intercepts (c). Of these data pairs, 13 were
composed of plant data, two were bird data, four were
reptiles, one was invertebrates, and one was composed
of amphibians. Overall, intercepts (c) from native
SARs (observed mean = 1.416, SD = 0.825) were
greater than those of exotic SARs (observed mean =
0.776, SD = 0.825; Table 4). Eighteen of the com-
parisons showed that native ¢ values were greater than
those of exotics while 3 comparisons showed exotics
with larger SAR intercepts (Fig. 2a). Native SAR
intercepts we greater than exotic ones for all taxo-
nomic groups. For plants, native SARs (observed

Table 2 Estimated coefficients of linear mixed models testing whether native and exotic species have different SAR exponents

(z) for all taxa, plants, birds, and animals (including birds)

Terms Taxa Estimate SE df t value p value
Intercept (exotic) All 0.230 0.030 4472 7.498 < 0.001
Provenance (native) All 0.030 0.017 48,471.1 1.728 0.084
Intercept (exotic) Plants 0.280 0.033 967.9 8.237 < 0.001
Provenance (native) Plants 0.001 0.029 12,118.0 0.043 0.966
Intercept (exotic) Birds 0.125 0.054 27.2 2.122 0.043
Provenance (native) Birds 0.059 0.021 6668.8 2.792 0.005
Intercept (exotic) Animal 0.139 0.039 69.1 3.248 0.002
Provenance (native) Animal 0.047 0.015 45,005.7 3.214 0.001

Significant differences between native and exotic SAR z values (p value < 0.05) are italicized
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Fig. 1 Comparison of species area relationship exponents (z) for native and exotic species for a all taxa, b plants, ¢ birds, and

d animals. Red lines connect the mean z values (red dots) for native and exotic SARs

Table 3 Estimated coefficients of the linear mixed model for SAR exponents (z)

Terms Estimate SE df t value p value
Intercept 0.092 0.043 2.13 0.033
Provenance (exotic) — 0.030 0.017 48,230 - 1.79 0.073
Taxa (plants) 0.139 0.036 3.76 < 0.001
Island (yes) 0.143 0.044 3.17 0.002

The full model included provenance, taxa (plant or animal), an interaction between provenance and taxa, island-mainland, minimum
area, and area range as fixed terms. The final model, presented here, is the result of backward stepwise selection. Significant variables

(p value < 0.05) are italicized

mean = 1.746, SD = 0.608) had significantly greater
¢ values than exotics (observed mean = 1.039, SD =
0.933; Table 4), with 11 (84.6%) native SARs having
greater ¢ values than exotic SARs (Fig. 2b). The SAR
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intercepts were greater for the two native bird
assemblages (Fig. 2c). The ¢ values of native animals
(including birds; observed mean = 0.88, SD = 0.634)
were significantly greater than those of exotics
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Table 4 Estimated coefficients of linear mixed models testing whether native and exotic species have different SAR intercepts
(c) for all taxa, plants, birds, and animals (including birds)

Terms Taxa Estimate SE df t value p value
Intercept (exotic) All 0.950 0.197 77.48 4.509 < 0.001
Provenance (native) All 0.688 0.105 7185.89 6.494 < 0.001
Intercept (exotic) Plants 1.122 0.196 99.29 5.523 < 0.001
Provenance (native) Plants 0.653 0.131 2221.68 4.935 < 0.001
Intercept (exotic) Birds 0.437 0.677 6.46 0.488 0.642
Provenance (native) Birds 0.845 0.281 1469.63 2.900 0.004
Intercept (exotic) Animal 0.415 0.353 17.71 0.924 0.368
Provenance (native) Animal 0.692 0.180 6005.01 3.807 < 0.001

Significant differences between native and exotic SAR intercepts (p value < 0.05) are italicized
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Fig. 2 Comparison of species area relationship intercepts (c) for native and exotic species for a all taxa, b plants, ¢ birds, and d animals.
Red lines connect the mean ¢ values (red dots) for native and exotic SARs
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(observed mean = 0.35, SD = 0.341; Table 4), with 7
out of 8 native SARs showing higher ¢ values
(Fig. 2d). The final LMM model resulting from
stepwise selection included the variables provenance,
and taxa (Table 5). Exotic assemblages had signifi-
cantly lower SAR intercepts and plant assemblages
had significantly higher intercepts (Table 5).

Discussion

Comparison of exponents (z) between native
and exotic SARs

We show that across all data sets exotic and native
SARs do not differ in their z values. However, this
pattern does not hold across all taxonomic groups.
Plant assemblages, which are best represented in our
data (61% of total), mirrored the overall pattern
showing no difference in z values between native and
exotic SARs. On the other hand, SAR exponents were
greater for native assemblages for both birds and
animals.

Our results for plants suggest that exotic species
richness responds similarly to factors that drive native
species richness as area increases. This result is in line
with expectations based on the positive native-exotic
richness relationships (NERRs), which has been
observed across taxa (Fridley et al. 2007; Dyer et al.
2016; Carpio et al. 2017). The link between NERRs
and SARs is as follows: native and exotic richness are
both driven by the same factors (e.g., soil fertility and
pH, climate, and habitat heterogeneity; Stohlgren et al.
1999; Davies et al. 2005; Gilbert and Lechowicz 2005;
Dyer et al. 2016) and as area increases, both native and
invasive richness respond in the same way to changes
in these factors resulting in similar SAR z values. For
example, if spatial heterogeneity drives NERRs

(Davies et al. 2005) and spatial heterogeneity
increases with area at a rapid rate in a given system,
we would expect that z values for both native and
exotic SARs would be relatively large. Conversely, if
spatial heterogeneity increases with area at a relatively
low rate, we would expect matching low values for the
exponents of native and exotic SARs.

One interpretation of the plant SAR result is that
provenance is not important in determining how plant
species richness responds to increasing area. This
interpretation suggests that there are no fundamental
differences between native and non-native plant
species. While some studies have shown little to no
differences between native and exotic species (e.g.,
Palacio-Ldpez and Gianoli 2011; Leffler et al. 2014),
others have found significant differences (Daehler
2003; Van Kleunen et al. 2010; Bernard-Verdier and
Hulme 2015). Either traits that differ between natives
and exotics are not important for SARs or different
processes operating on different traits are generating
similar SARs for native and exotics species. One way
that exotic species can differ from natives yet yield
similar SARs relates to the scaling of habitat distur-
bance with area. Habitat disturbance in terms of roads
(Gelbard and Belnap 2003), human population
(McKinney 2002), and urbanization (McKinney
2006) are all known drivers of exotic species estab-
lishment and richness. If the type and number of
disturbances increase with area at the same rate as
undisturbed habitat heterogeneity, then native and
invasive species might be responding to different
aspects of habitat diversity as area increases. How-
ever, this scenario assumes that habitat diversity drives
SARs (Williams 1964).

The result that native bird and animal assemblages
have greater z values than exotics suggests that the
relationships between native and exotic SAR expo-
nents differ between plants and animals. However, the

Table 5 Estimated coefficients of the linear mixed model for SAR intercepts (c)

Terms Estimate SE df t value p value

Intercept 1.141 0.281 16.5 4.07 0.001
Provenance (exotic) — 0.676 0.107 22.5 — 6.32 < 0.001
Taxa (plants) 0.619 0.285 17.4 2.17 0.044

The full model included provenance, taxa (plant or animal), an interaction between provenance and taxa, island-mainland, minimum
area, and area range as fixed terms. The final model, presented here, is the result of backward stepwise selection. Significant variables

(p value < 0.05) are italicized
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discrepancy in sample size and taxonomic resolution
between plants and animals indicates that we should
interpret these results with some caution. The small
sample size for birds (n = 5) and the fact that three of
the studies were on oceanic islands in which several
islands overlapped across data sets limits the inference
we can draw. One possible approach to further
exploring SARs for native and exotic birds is pairing
native species lists for given locales with exotic
species list based on distribution data from the global
avian invasions atlas (GAVIA, Dyer et al. 2016).
While there was a larger sample size for animals, the
grouping of several taxa with very different life
histories makes the interpretation of these results
challenging. However, if native SARs indeed do have
greater z values for animals, this suggests that different
processes are governing the responses of native and
exotic SARs across taxa. One observation from our
data and the results of Triantis et al. (2012) is that
plants (not considering provenance) have larger z
values than animals. This observation may be a
starting point for exploring any potential differences
in the relationships between native and exotic SAR
exponents between plants and animals.

The other variables in our final linear mixed
model showed that SAR z values were higher on
islands than mainlands and higher for plants com-
pared to animals (Table 3). Several studies have
suggested that the SAR exponent should be steeper
on islands because dispersal is lower between
islands than locales on the mainland due to the fact
that oceans serve as a major barrier to dispersal.
However, a meta-analysis of over 500 SARs showed
no significant differences between island and main-
land z values (Drakare et al. 2006). SAR z values for
plants have also been observed to be greater than
those of vertebrates and invertebrates (Triantis et al.
2012). Another notable result is that the two studies
that used nested SARs (Hulme 2008; Tarasi and Peet
2017, both for plants), which reported multiple
SARs that we simply took the average of, have
significantly higher z values for exotic SARs.

Comparison of intercepts (c) between native
and exotic SARs

The intercept (c) of the SAR can yield insight into the
role of invasive species when comparing invaded and
uninvaded SARs from different sites within the same

system (Powell et al. 2013; Stohlgren and Rejmanek
2014). However, when comparing SAR intercepts of
exotic vs. native assemblages for the same sites, the
intercept basically quantifies differences in species
richness (especially when slopes are similar, as in our
study). Thus, we predicted that it would be uncommon
for exotic species to have equal or greater ¢ values.
Our prediction was confirmed as intercepts of native
SARs were greater than those of exotics for all taxa
combined and for each individual taxonomic group.

The intercept (c) and slope (z) of SARs can also be
utilized to better understand how invasive species alter
native biodiversity (Powell et al. 2013; Rejmanek and
Stohlgren 2015). Specifically, such studies focus on
how the abundance of a particular invasive (Powell
et al. 2013) or total percent cover of invasives
(Stohlgren and Rejmanek 2014; Chase et al. 2015)
alter ¢ and z of the SAR. While this question differs
from the one we ask here, these two lines of
questioning are clearly linked and may inform one
another to provide a better understanding of SARs in
an increasingly invaded world. For example, while we
clearly do not consider the abundance or percent cover
of invaders in our study, information on the presence
of an aggressive (abundant) invader could provide
another covariate to further test differences in the
responses of native and exotic SARs. For instance,
similar responses of native and exotic SAR exponents
(or intercepts) to the presence or absence of an
aggressive invader would be evidence that exotics and
natives are ecologically similar. On the other hand, a
decrease in z values for exotic SARSs in the presence of
an abundant invader and an increase in native z values
could indicate that the given invader may be facilitat-
ing the spread and establishment of a suite of exotic
species. Thus, identifying abundant invaders or mea-
suring percent cover of invasives during studies
comparing native and exotic SARs could provide
additional insight into the ecology of native and exotic
species and how they respond to area.

Conclusions

Despite the fact that SARs have been studied for
almost 100 years (Arrhenius 1921), a mechanistic
understanding of what drives them has been elusive
(Lomolino 2001; Turner and Tjgrve 2005). Here, we
conducted the first synthesis of studies comparing
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native and exotic SARs. We found that SARs for
exotic species have z values similar to native SARs for
plants while native z values are larger for animals and
birds. SAR intercepts are larger for native assemblages
across taxonomic groups. However, as with most SAR
studies, we are still lacking a mechanism. The
challenge in linking SARs to processes that generate
them is in part due to the fact that they likely result
from several interacting processes that vary across
scale (Turner and Tjgrve 2005). Expanding studies
that compare native and exotic SARs to more taxo-
nomic groups, different types of SARs, and explicitly
testing how disturbance scales with area relative to
native habitat diversity will lead to a better under-
standing of the similarities and differences in how
native and exotic species richness scale with area.
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