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Species diversity has long been perceived as a major driving force in
invasion resistance (Elton, 1958; Lonsdale, 1999; Williamson, 1996).
Two decades ago, in their effort to reconcile the “relationships be-
tween invasion success and species richness on different spatial
scales,” Shea and Chesson (Shea & Chesson, 2002) (S&C thereafter)
developed a model showing scale dependency in native-exotic rich-
ness relationships. Ever since its publication, many theoretical and
empirical studies have cited their model and made a similar state-
ment that the native-exotic richness relationships are negative on
small scales but positive on large scales (Davies et al., 2005; Fridley
et al., 2004).

In the past two decades, much progress has been made in bi-
otic invasion research, especially relating to scale dependency. The
new studies often use more complete and extensively accumulated
data. As researchers continue to assess habitat invasibility around
the globe using the same or similar models based on recent devel-

opments and findings, it is time to update this important model with
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In their seminal paper, Shea and Chesson (Trends in Ecology & Evolution, 2002, 17,
170) developed a highly cited model (S&C model) showing scale dependency in the
native-exotic richness relationships. Two decades later, extensive additional data
have been accumulated, leading to new findings and insights. Accordingly, two up-
dates were made here to the original S&C model: (1) changing the “negative” richness
relationship between natives and exotics to “non-consistent” or “non-significant”; and
(2) modifying the original diagram to correctly represent native and exotic species

richness and their correlations across both small and large scales.
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new findings and insights. Particularly, an increasing number of stud-
ies (Gilbert & Lechowicz, 2005; Hill & Fischer, 2014; Sandel & Corbin,
2010) found no or even positive native-exotic richness correlations
on small scales. A recent synthesis (Guo, 2015) thus found no con-
sistent native-exotic richness relationship across small scales (see
also Burns, 2016; Tomasetto et al., 2019; Valone & Weyers, 2019).
For these reasons, here | have modified the original S&C model by
providing two main updates.

First, recent studies show that there is no consistent or signifi-
cant negative native-exotic relationship on small scales, especially
in real-world settings (Guo, 2015; Jeschke et al., 2012; Von Holle,
2013). Because of this, and because the S&C model will continue
to be cited frequently, it is now necessary to correct the “negative
native-exotic richness relationship” misperception.

Second, the original S&C model is somewhat imprecise as it used
the same set of axes to represent native and exotic richness for

both small and large scales (the assumed data points representing
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FIGURE 1 A comparison of the native-exotic richness
relationships or correlation across small vs. large scales. The revised
S&C model separates between small (blue) and large scales (red)
because the species richness levels between the two sets of scales
would be very different across similar habitats unless very different
habitats (e.g., polar habitats or deserts vs. tropical rain forests)

are included. Dashed boxes indicate insignificant correlations

when richness data are used. Left: on small scales, the native-
exotic richness relationships are likely negative but often not
significant. However, the native-exotic relationships are likely to be
significantly negative if plant biomass, cover, or density measures
are used (see Figure 3). Right: on large scales, the native-exotic
richness correlations (not necessarily relationship) are mostly
positive
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FIGURE 2 A comparison of the native-exotic richness
relationships or correlation across small vs. large scales. Two sets of
axes are used to represent species richness on small (0-10 species—
blue) vs. large (0-100 species—red) scales

the two scales with very different richness values overlapped in the
diagram). Following the well-established species-area relationship
(MacArthur & Wilson, 1967), the richness values would be much
higher over large scales than over small scales; thus, the same x-
and y-axes cannot represent species richness across both small and
large scales. In other words, in their diagram, the richness data at
small scales showing negative native-exotic relationships cannot be
placed at the upper-right corner as the small-scale species richness
would be lower. Data points representing small scales cannot have
very high species richness unless the different groups of data points
represent species-poor (in the bottom-left corner) and species-rich
(in the upper-right corner) habitats.
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FIGURE 3 An example of native-exotic relationships or
correlation across small (mostly negative; left) vs. large scales
(positive; right). Here, plant abundance (biomass, cover, density)
rather than richness is used (see also Guo & Symstad, 2008)

For the two reasons above, | modified the S&C model by chang-
ing the “negative” richness relationship between natives and exot-
ics to “non-significant” (Figure 1 left). As the scale increases, the
relationships become increasingly positive to reflect the patterns
frequently observed in both theoretical and observational studies
(Figure 1 right).

Alternatively, for visualization purpose, we can add a second
set of axes to the original S&C model that can show patterns over
large scales (Figure 2). This method is useful if we compare the
same type of habitats because the high species richness in the
upper-right corner over large scale cannot be embedded with
small-scale patterns in which the species richness values should
be much lower.

In the past, most studies have used the number of exotic spe-
cies as an indicator of habitat invasibility, especially at large scales
(Fridley et al., 2004; Herben et al., 2004; Lonsdale, 1999). On small
scales, most studies showing the biotic resistance to invasions owing
to native diversity actually used biomass, survivorship, size, or den-
sity of exotics (either a single invader or all exotics) rather than “rich-
ness” as the dependent variable (e.g., Figure 3) (Levine & D'Antonio,
1999). Also, many of the theoretical studies that report negative
native-exotic relationships are based on Lotka-Volterra models (i.e.,
the response variable is not exotic richness).

In short, while the positive correlations between native and
exotic richness over large scales are indeed common and have
been attributed to external factors such as area (space) and re-
sources that similarly control both native and exotic species
(Fridley et al., 2007) or null models (Fridley et al., 2004), it is time
to eliminate the frequently claimed “negative small-scale native-
exotic richness relationships” perception. On small scales, native
richness could indeed enhance invasion resistance by reducing
the invaders' performance (abundance and distribution), but it
rarely reaches the level required to expel exotic species. This is
especially the case when the habitats are disturbed. The nega-
tive native-exotic richness relationship observed in a few exper-
iments might be caused directly by higher biomass or density in
species-richer habitats—at least right after initial planting/seed-
ing rather than by higher species richness itself (Herben et al.,
2004; Smith & Cote, 2019).
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