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Summary

1. Although impacts of alien plants on species richness are widely reported, it remains unclear how
common such effects might be and whether they differ from those due to native species. To date,
too few studies have examined the impacts of a wide enough spectrum of native and alien species
to address the importance of geographic origin on the richness of plant communities.
2. We investigated how total plant species richness, as well as its separate alien and native compo-
nents, varied with the abundance of 115 alien and 146 native plant species across Banks Peninsula
in New Zealand. Using null models, we tested whether significant correlations between the abun-
dance of each focal species and species richness were more frequent than expected by chance.
Examination of the differences in the relationships with species abundance found for native and
alien richness can shed light as to whether alien species might be acting as drivers of biodiversity
change or passengers responding to external environmental factors.
3. Significant relationships were rarely found for total richness due to contrasting trends of native
and alien richness with species abundance. In contrast to natives, an increase in the abundance of an
alien species revealed more frequent negative relationships with native richness and positive correla-
tions with alien richness.
4. The relationship with species abundance found for native and alien components of richness dif-
fered between grasslands and woodlands. While we found putative support for negative impacts on
native richness for several alien species in grasslands, the similar negative correlations in woodlands
were more likely to reflect the shade intolerance of alien grasses where native species richness was
high.
5. Synthesis. Our analyses reveal that widespread alien and native species play different roles in the
plant communities in which they co-occur. Separately analysing the relationship with species abun-
dance for alien and native components of richness can help distinguish between situations where
aliens may be acting as the primary drivers in plant community changes or simply passengers. This
is an essential first step in designing further experimental studies to determine the underlying ecolog-
ical processes and potential ecosystem impacts of alien species.
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Introduction

An increasing body of evidence supports the view that alien
plants often markedly reduce the species richness of invaded
plant communities world-wide (Gaertner, Den Breeyen &
Richardson 2009; Powell, Chase & Knight 2011; Vil�a et al.
2011). Nevertheless, several aspects of quantitative studies on
alien plant impacts limit their potential to contribute to a more
general understanding of the consequences of plant invasions.
Because such studies are mostly based on correlative

approaches, there exist alternative explanations for these pat-
terns. Lower species richness in invaded plots can easily be
the result of low biotic resistance to invasion of species-poor
native communities as from competitive exclusion of native
species by an invader, but rarely are these two alternatives
explored when interpreting results (Thiele & Isermann 2010).
While the majority of studies describe reductions in species
richness following invasion, increases are also known to
occur but are rarely reported (Py�sek et al. 2012). Yet indirect
facilitative effects of alien species on other components of
plant communities can have dramatic effects on ecosystems
(Zarnetske et al. 2013).*Correspondence author: E-mail: maudbv@gmail.com
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The evidence base for alien plant species impacts is
strongly biased towards results drawn from only a dozen spe-
cies and may not be representative of the majority of alien
plant invasions (Hulme et al. 2013a). Most studies focus on
one or two alien species that are rarely chosen without some
a priori expectation or knowledge of impact. In addition, crit-
ics have pointed out that impacts of similar magnitude might
be expected even of native species, particularly where they
occur at high abundance (Davis et al. 2011). However, if
alien and native species do present very different patterns of
association with species richness, then it would suggest that
the role of native and alien species in communities is differ-
ent. This may be particularly the case in New Zealand where
aliens represent a markedly different spectrum of plant func-
tional groups and are often pre-adapted to anthropogenic envi-
ronments (Hulme, Py�sek & Duncan 2011). Can the way that
alien plant impacts have been assessed to date be improved to
address these concerns?
We present a different approach to the assessment of alien

plant impacts that examines changes in the richness of both
alien and native components of plant communities along gra-
dients of the abundance of a single species, either native or
alien. One strength of the proposed approach is that it makes
use of existing vegetation surveys to provide new insights
into potential impacts of alien plants and is thus widely appli-
cable. Although an explicit understanding of the impact of a
specific alien plant is often best obtained through experimen-
tal studies, detailed analyses of patterns of species richness
can provide useful insights into the underlying processes driv-
ing such correlations in natural systems (Tomasetto, Duncan
& Hulme 2013). For example, studying such relationships
along gradients in the abundance of a specific alien species
may provide a more mechanistic understanding of invasion
impact (Gooden et al. 2009). Moreover, many invaded loca-
tions contain a suite of coexisting alien species (Kuebbing,
Nu~nez & Simberloff 2013), and it is likely that the alien and
native components of invaded communities respond in differ-
ent ways to the presence of an abundant alien plant (Truscott
et al. 2008; Gooden et al. 2009; Fukami et al. 2013). Thus,
while total species richness may appear relatively unchanged,
the relative contribution of alien and native components to
species richness may differ dramatically following invasion
and provide clues regarding possible mechanisms.
Most research assumes that declines in species richness are

a result of competition with the alien species, but such a view
would be challenged where only one component of species
richness (be it alien or native) decreases while the other
increases. We propose that examining the response of native
and alien components of species richness to gradients in the
abundance of individual native and alien species may help
distinguish between four broad scenarios reflecting putative
mechanisms (Table 1). These scenarios are described by
whether the native and alien richness components vary simi-
larly (where both components increase or decrease) or differ-
ently (only one component increases or decreases) along
gradients in the abundance of a particular species. Impor-
tantly, it is recognized that alien species may sometimes be

passengers of wider environmental pressures rather than driv-
ers of change (MacDougall & Turkington 2005; Hulme
2006), and thus, changes in species richness can result from
either direct effects of an alien species or a response of the
plant community to external environmental factors. The expli-
cit comparison of the relationships observed for native and
alien species occurring in the same vegetation communities
can help shed light on the likelihood of different invasion sce-
narios (Table 1).
The first set of scenarios examines situations where the spe-

cies under study is driving changes in species richness, that is
where direct effects through species interactions may be impor-
tant. For example, with increasing alien abundance, native and
alien species richness may both increase where alien plants play
a facilitative role by providing protection from grazing or a
favourable microclimate (Table 1, scenario 1A; e.g. Altieri
et al. 2010) or both decrease as a result of competitive exclu-
sion (scenario 2A; e.g. Everard et al. 2010). However, diverg-
ing responses in alien and native richness components would
suggest alternative mechanisms. Such might be the case where
allelochemicals produced by an alien species have greater
impacts on native rather than alien species richness where these
aliens have prior exposure to these chemicals in their native
range (scenario 3A; e.g. Callaway et al. 2005). Similarly, the
alien may intercept sufficient light to exclude light-demanding
alien herbs but act as a nurse plant for shade-tolerant natives
(scenario 4A; e.g. Sullivan, Williams & Timmins 2007). In con-
trast to these four scenarios implicating a role for plant–plant
interactions, the relationship between alien abundance and spe-
cies richness may be primarily a result of the alien species being
part of a community response to external factors. Thus, both
alien and native components of species richness may respond
similarly to an environmental gradient that also facilitates
increased abundance of an alien. Increasing resource availabil-
ity may be favourable for both native and species richness (sce-
nario 1B; Stohlgren & Binkley 1999). In contrast, increasing
salinity gradients lead to a decrease in both native and alien
richness but promote alien Spartina abundance (scenario 2B;
e.g. Wang et al. 2006). Alien and native components of rich-
ness may respond differently to environmental gradients as seen
for native species that are often selectively filtered out of plant
communities as a result of anthropogenic disturbance, such as
fire, that fosters high alien abundance (scenario 3B; e.g. Keeley
2006). Alternatively, along elevation gradients, alien species
richness may decline more rapidly than for natives even though
some alien species can reach high abundance at high altitudes
(scenario 4B; e.g. Marini et al. 2009; Pauchard et al. 2009).
While there is evidence for each scenario it should be borne

in mind that even in the same community, the relationship
between alien abundance and species richness may be a conse-
quence of both interactions among plants as well as community
response to environmental factors (Gross et al. 2013). Simi-
larly, even for the same species, we may expect the observed
scenarios to be dependent on the particular plant community
examined and such context dependence in the relationship
between abundance and species richness may also be instruc-
tive regarding the generality of putative mechanisms.
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To explore the likelihood of each of these scenarios across
a diverse landscape, we quantified the degree to which native
and alien species richness varied in relation to the abundance
of 145 native and 115 alien species widely distributed across
1180 relev�es that sampled the vegetation of Banks Peninsula,
New Zealand. A null model approach was used to test
whether (i) significant correlations between the abundance of
individual alien or native species and species richness are
more common than expected by chance; (ii) increases in alien
species abundance tend to reveal more negative relationships
with species richness than natives; (iii) native and alien com-
ponents of species richness show contrasting patterns of cor-
relation with species abundance; and (iv) these patterns of
correlation are context-dependent. These results were then
used to explore likely scenarios that might point to a plausible
mechanism underlying alien plant impacts.

Materials and methods

STUDY AREA

Banks Peninsula (c. 1000 km2) on the east coast of New Zealand’s
South Island (43°330–43°540 S, 172°370–173°070 E) comprises the
eroded remnants of two large and extinct shield volcanoes, leading
to a complex topography ranging from 0 to 920 m above sea
level. The climate is temperate with annual mean temperature
ranging from 9 to 14 °C and annual rainfall from 600 to
2000 mm with greater rainfall at higher elevations. Soils derived

from volcanic bedrock and loess are moderately to very fertile
(Wilson 2009). Prior to human colonization, Banks Peninsula was
almost completely forested, but Polynesian burning (commencing
about 1300 AD) and then European forest clearance (beginning in
the 1800s) converted the Peninsula to a grassland-dominated land-
scape (Wilson 2009). The present day landscape comprises a
mosaic of about 10% original or regenerating native forest, 5%
native scrub, 10% alien shrubland and forest plantations, and 75%
grassland (Tomasetto, Duncan & Hulme 2013).

VEGETAT ION DATA

We used a data set from a comprehensive vegetation survey of Banks
Peninsula conducted between 1983 and 1988 (Wilson 1992) and pre-
viously described in Tomasetto, Duncan & Hulme (2013). Species
abundance and dominance ranks were recorded for all species present
in 6 9 6 m quadrats distributed along a regular 1000 9 1000 yard
(915 9 915 m) grid covering the entire Peninsula. Species abundance
was visually scored along the following seven-point scale based on
increasing species density weighted by biomass: ‘occasional’, ‘occa-
sional-common’, ‘common’, ‘common-abundant’, ‘abundant’, ‘abun-
dant-dominant’ and ‘dominant’. For our analysis, the two highest
abundance classes were merged to ensure a sufficiently large sample
size. After selecting vascular plant species only, the data set recorded
the abundance of 679 species across 1180 plots. In total, c. 46% of
species were alien and these comprised a higher proportion of herba-
ceous life-forms than native species (Tomasetto, Duncan & Hulme
2013). We calculated total species richness as well as alien and native
species richness in each plot.

Table 1. Hypothetical ecological scenarios underlying different combinations of relationships with alien and native richness for a given focal species

Trends for a given focal
species Hypothetical ecological scenario

Native
richness

Alien
richness A – ‘Driver’ B – ‘Passenger’

1 + + Facilitation of all species
Focal species abundance promotes success of
natives and aliens alike.
e.g. nurse plants (Altieri et al. 2010)

Optimal habitat
Favours diversity of all species as well as the
focal species abundance.
e.g. increasing resource availability
(Stohlgren & Binkley 1999)

2 � � Competition with all species
Focal species abundance decreases success of
natives and aliens alike.
e.g. interference competition (Everard et al.
2010)

Specialization to an extreme habitat
Focal species adapted to an extreme habitat
which filters out most other species, aliens or
natives.
e.g. salinity gradient (Wang et al. 2006)

3 � + Negative impact on natives
Focal species abundance decreases native
richness but favours aliens.
e.g. specific allelopathy (Callaway et al.
2005), facilitation among aliens (Flory &
Bauer 2014)

Habitat favours aliens
Favourable habitat for the focal species
excludes native species but favours aliens.
e.g. fire regime (Keeley 2006), apparent
competition via herbivory (Orrock, Witter &
Reichman 2008)

4 + � Negative impact on aliens
Focal species abundance decreases invasion
success but favours natives.
e.g. nurse plants for natives but not aliens
(Sullivan, Williams & Timmins 2007)

Habitat favours natives
Favourable habitat for the focal species
excludes alien species but favours natives.
e.g. high elevations (Marini et al. 2009)

Relationships refer to observed trends between the local abundance of a focal species (alien or native) and the alien and native components of
species richness. Each of the four patterns may result from ecological scenarios where (A) the focal species is the driver, via species interactions,
or (B) the focal species is a passenger of community change in response to external environmental factors. We illustrate this non-exhaustive list
of possible ecological scenarios with examples of publications from the perspective of an alien focal species.
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Because we suspected associations with species richness to vary
according to the plant community examined, we broadly distinguished
plots with a woody canopy from those with an herbaceous cover.
Plots were classified according to the life-form of their most abundant
species, separating two coarse vegetation types: ‘grassland’ (i.e. first-
ranked species is a grass or herb, n = 880) vs. ‘woodland’ (i.e.
first-ranked species is a tree or shrub, n = 300). Following this classi-
fication, woodland plots formed a heterogeneous group comprising
old growth and regenerating patches of native hardwood forest, shrub-
lands, tree plantations, but also savanna-like systems with a relatively
open tree canopy. Nevertheless, a common feature of these plots was
that the first-ranked woody species was generally quite abundant
(scored at least as ‘common-abundant’ in 70% of plots), and thus, to
ensure a sufficient sample size for analyses, these plots were all
classed in the same vegetation type. Grassland vegetation types
formed a more homogenous group comprising both improved and
unimproved grasslands. Across all plots, alien and native species co-
occurred frequently (75% of plots), and while grasslands were equally
composed of aliens and natives, natives were better represented in
woodlands (60% of woodland species). Compared to grasslands,
woodland plots displayed on average higher total species richness

(28.2 � 10.9 vs. 22.7 � 7.6; t = �8.05, d.f. = 401.5, P < 0.001) and
native richness (15.9 � 9.0 vs. 4.9 � 5.3; t = �20.2, d.f. = 373.3,
P < 0.001), but lower alien richness (12.3 � 8.8 vs. 17.8 � 4.9;
t = 10.3, d.f. = 364.1, P < 0.001).

ANALYSES

Our goal was to quantify the relationship between individual species
abundance and plot species richness for a wide range of alien and
native taxa. To ensure statistical power, we restricted our analyses to
individual species present in 10 or more plots and spanning at least 4
abundance classes (without necessarily reaching the highest class)
which resulted in a pool of 261 species (115 aliens and 146 natives),
hereafter referred to as the focal species. Given the ordinal nature of
the abundance data (illustrated for four species in Fig. 1), relation-
ships between species abundance and plot species richness could not
be explored with a linear model. Therefore, for each focal species, we
calculated Spearman’s rank correlation coefficient (q) between its
abundance and total, native and alien richness across all plots where
it occurred, using a conservative type I error threshold of a = 0.01.
Plots from which focal species were absent were not included in
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Fig. 1. Relationships between species abundance and different components of species richness illustrated for four focal species across all plots.
(a) an alien perennial grass, Critesion murinum (L.); (b) an alien herb, Rumex acetosella (L.); (c) a native tree, Griselinia littoralis (J.R. Forst. &
G. Forst.); and (d) a native shrub, Coprosma rotundifolia (A. Cunn.). Abundance classes are ordered by increasing abundance of the focal species
within each plot, from ‘occasional’ (1) to ‘dominant’ (6). Statistics for Spearman’s rank correlation are indicated in the upper right corner of pan-
els (***P < 0.001, **P < 0.01, *P < 0.05, ns: P > 0.05). For ease of visualization, significant correlations (P < 0.01) are illustrated by a best-fit
regression line.
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correlations since we had no a priori knowledge of whether they
would be representative of plots that could be colonized.

To determine whether the observed distribution of q across all
focal species was different from what could be expected at random
given the data set, we shuffled local abundances among all observed
species within each plot 9999 times, generating a null distribution of
q values (null model 1). This null model broke the link between plot
species richness and the local abundance of our focal species while
keeping species richness, evenness and the spatial pattern of occur-
rence constant. First, we compared the distribution of observed q
values to the distribution of mean null q values using a paired two-
sample Wilcoxon’s test. Because the distribution of null q values was
centred around zero, significantly lower (or higher) q values than
expected indicated a shift towards more positive (or more negative)
relationships. Second, to determine whether significant relationships
occurred more frequently than expected by chance given the data set,
we compared the observed number of significant Spearman’s rank
correlations (with a = 0.01) to its null frequency distribution.
Observed values below the 2.5th quantile or above the 97.5th quantile
of the null distribution indicated a higher or lower frequency than
expected by chance. Following Bernard-Verdier et al. (2012), signifi-
cance was determined using a P value based on quantiles of the dis-
tribution and calculated as: P = 2*[min(XL, XH) + XE/2]/10 000,
where XL is the number of null values inferior to the observed value,
XH the number of null values superior to the observed value and XE

the number of observation equal to the observation. In addition, we
calculated the frequency across all focal species of the different com-
binations of positive and negative relationships with native and alien
richness (see Table 1). The direction of q (positive or negative) was
used to indicate general trends, regardless of the strength of the corre-
lation. We compared these combination frequencies to null expecta-
tions according to null model 1, using a similar P value calculation as
above to test for non-random frequencies of the four different combi-
nations (scenarios 1–4 in Table 1: both positive, both negative, only
alien richness negative, only native richness negative). We repeated
these analyses separately for grassland and woodland plots.

To test more specifically how the native or alien status of a focal
species influences its relationship with species richness in our data
set, we used a second null model (null model 2) that shuffled species
status (native or alien) among all species in the data set, without alter-
ing the structure of the community matrix (Fridley, Brown & Bruno
2004). As a consequence, the shapes of relationships with total spe-
cies richness were left unchanged, albeit attributed randomly to aliens
or natives, whereas values of native and alien richness were random-
ized in the data set. We tested whether the frequencies of significant
relationships for native and alien focal species differed from that
expected by chance using the P value calculation described above.
All analyses were performed using R version 3.0.1 (R Core Team
2013).

Results

GENERAL TRENDS IN SPECIES RICHNESS WITH FOCAL

SPECIES ABUNDANCE

Across all plots, the general trend in the relationships between
the abundance of each focal species and species richness was
dependent on the particular richness component examined.
Overall, the distribution of correlations with focal species
abundances was not different from the null expectation for
total richness, but was more positive than expected for native

richness and more negative for alien richness (Fig. 2a). This
largely reflected the different association between the alien
(negative) and native (positive) components of richness and
native focal species abundance (Fig. 2b). These contrasting
associations of native and alien richness with native focal spe-
cies abundance explain the observed lack of any relationship
with total species richness. In contrast to the negative associa-
tion with native focal species abundance, alien species rich-
ness increased where alien focal species abundance was high
(Fig. 2c).
Different patterns were found when grassland and wood-

land plots were inspected separately. In grasslands, total and
native species richness both tended to increase with higher
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Fig. 2. Distribution of correlations between focal species abundance
and components of species richness across all plots. The distributions
of Spearman’s q values are represented for (a) all focal species
(n = 261), (b) native focal species (n = 146) and (c) alien focal spe-
cies only (n = 115). Bold lines represent the median, boxes represent
the quartiles and whiskers extend to the 5th and 95th quantiles of
observed q distributions. For each box, significant shifts towards more
positive or more negative distributions of q values than expected are
assessed using a two-tailed paired Wilcoxon’s tests against mean
expectations from null model 1 (***P < 0.001, **P < 0.01,
*P < 0.05, ns: P > 0.05).
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focal species abundance (Fig. 3a), and this was largely shaped
by correlations of richness with native focal species abun-
dance (Fig. 3b). In contrast, in woodlands, total and native
richness generally declined with increasing focal species
abundance (Fig. 3d). This reflected the negative association of
native focal species abundance with total species richness and
alien focal species with native richness. Alien species richness
declined with increasing native focal species abundance
(Fig. 3e), whereas native richness declined with increasing
alien focal species abundance (Fig. 3e). In contrast, alien rich-
ness generally increased with higher alien focal species abun-
dance (Fig. 3f).

SIGNIF ICANCE OF SPECIES RICHNESS RELATIONSHIPS

WITH ABUNDANCE OF INDIV IDUAL FOCAL SPECIES

The general patterns depicted above mask considerable varia-
tion at the level of individual focal species. Across all plots,
only 2.7% of native focal species (4 species) and 8.7% of
alien focal species (10 species) exhibited significant correla-
tions with total species richness (significant correlations listed
in Table S1 in Supporting Information). Although numbers
were low, this frequency was higher than might be expected
by chance (14 vs. 2.7 � 1.6, P < 0.001; details of null expec-
tations in Table S2). A higher frequency of significant

relationships was found when examining the native (6 native
and 12 alien focal species) and alien (12 native and 8 alien
focal species) components of richness separately. Again, these
were more frequent than might be expected by chance for
native (18 vs. 2.8 � 1.7, P < 0.001) and alien (20 vs.
2.7 � 1.71, P < 0.001) species richness components. Com-
pared to the expectations of the number of significant correla-
tions arising from null model 2, increases in alien focal
species abundance led to more frequent significant negative
correlations with both total and native richness but also more
frequent significant positive relationships with alien richness
(Fig. 4a; and illustrated in Fig. 1a,b). The opposite was true
for native focal species whose significant correlations with
species richness tended be more frequently positive for native
but negative for alien components than expected (Fig. 1c,d).
Whether the focal species was herbaceous or woody had no
significant effect on the frequency with which relationships
with richness were significant (v2 = 0.032, d.f. = 1,
P > 0.05). Although there were similar numbers of herba-
ceous life-forms represented by both alien (n = 107) and
native (n = 93) focal species, those with significant relation-
ships were strongly biased towards aliens (90%, v2 = 6.548,
d.f. = 1, P < 0.05). In contrast, all woody focal species with
significant relationships were native, but this trend simply
reflected the fact that there were very few (only 8) alien focal
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Fig. 3. Distribution of correlations with components of species richness among native and alien focal species across two vegetation types. Spear-
man’s q values are presented across ‘Grassland’ (n = 880) and ‘Woodland’ (n = 300) vegetation types. Bold lines represent the median, boxes
represent the quartiles and whiskers extend to the 5th and 95th quantiles of the observed q distribution. For each box, significant shifts towards
more positive or more negative distributions of q values than expected are assessed using a two-tailed paired Wilcoxon’s tests against mean
expectations from null model 1 (***P < 0.001, **P < 0.01, *P < 0.05, ns: P > 0.05).
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species that were trees or shrubs (v2 = 2.026, d.f. = 1,
P > 0.05). Moreover, classification of species as environmen-
tal weeds according to the New Zealand Department of Con-
servation (i.e. 28% of the alien focal species) was a poor
predictor of whether an alien focal species would exhibit a
significant relationships with any of the components of rich-
ness (P > 0.05 for all chi-squared tests).
When grasslands and woodlands were examined separately,

fewer significant correlations were found for all components
of richness and this was particularly marked when examining
native focal species (Fig. 4). However, alien focal species still
revealed consistent significant negative correlations with
native species richness more frequently than expected in both
vegetation types (Fig. 4b,c). The only marked trend for native
focal species was with alien richness in woodlands where
increasing abundance was more frequently associated to a sig-
nificant decline in the number of alien species than expected.
This was in contrast to alien focal species whose abundances
were frequently associated with higher alien species richness.

COMBINATION OF POSIT IVE AND NEGATIVE

RELATIONSHIPS WITH COMPONENTS OF SPECIES

RICHNESS

All four combinations of positive and negative trends with
alien and native richness were observed (Table 2). However,
certain combinations of positive and negative trends were

more frequent than expected. Across all plots, the most strik-
ing pattern was for native focal species, which revealed an
overrepresentation of divergent relationships with native rich-
ness (positive) and alien richness (negative). In contrast, this
combination occurred less often than expected among alien
focal species. Although this pattern was also found in grass-
lands, patterns in woodlands were quite different. For native
focal species, there were more negative trends with both alien
and native richness than expected by chance. Alien focal spe-
cies more often displayed a trend that was negative with
native richness but positive with alien richness.

Discussion

In this study, we broadened the scope of correlative impact
studies to target all widely distributed plant species across a
single landscape and quantified how their variation in abun-
dance was associated with native and alien species richness.
This approach was original in several ways. First, our study
is unique in targeting a large number of species (115 alien
and 146 native species) avoiding a priori selection based on
presumed impact. Second, we examined correlations along
abundance gradients for each focal species to detect gradual
covariation with species richness, which may be more likely
to reflect structuring ecological processes than the traditional
invaded vs. uninvaded comparisons that dominate the disci-
pline. Third, we compared the relationships found for alien

**

**
10

5

0

5

10

Total
richness

Native
richness

Alien
richness

+

−
10

5

0

5

10

Total
richness

Native
richness

Alien
richness

*

10

5

0

5

10

Total
richness

Native
richness

Alien
richness

***

*

***

10

5

0

5

10

+

−

*

** **10

5

0

5

10 ***

**
10

5

0

5

10

(a) All plots (b) Grasslands (c) Woodlands
N

at
iv

e
fo

ca
l s

pe
ci

es
A

lie
n

fo
ca

l s
pe

ci
es

N
um

be
r o

f s
ig

ni
fic

an
t c

or
re

la
tio

ns

Fig. 4. Number of significant positive (+) and negative (�) relationships of alien and native focal species abundance with components of species
richness in different vegetation types. The observed number of significant positive (upward bars) and negative (downward bars) relationships was
compared to expected frequencies according to null model 2, which randomly reassigns alien or native status to the total species pool. Signifi-
cantly higher frequencies than expected are indicated (***P < 0.001, **P < 0.01, *P < 0.05).

© 2014 The Authors. Journal of Ecology © 2014 British Ecological Society, Journal of Ecology

Alien and native plant impacts on richness 7



focal species with co-occurring natives to assess objectively
whether species origin influenced potential impacts. Finally,
we show that by distinguishing explicitly the native and alien
components of richness, the likelihood of different ecological
scenarios of impact or response to environmental factors may
be more clearly discerned.
Overall, our results highlight that it is only a minority of

alien species, approximately 10%, that are associated with sta-
tistically significant declines in native species richness. This
contrasts with the much higher proportion of species exhibit-
ing significant impacts (75%) reported in the literature (Py�sek
et al. 2012). Why this discrepancy? It is conceivable that
comparisons of invaded and uninvaded plots are more likely
to detect significant differences than the examination of how
species richness varies across a gradient in alien abundance.
After all, it is not too surprising that a plot dominated by a
single species might have lower species richness than one
where this species is absent. However, it is also undeniable
that impact studies focus on a biased subset of plant species
that may not be a representative sample of alien plants (Hul-
me et al. 2013a). While there may be good reasons to focus
on quantifying the impacts of high-profile alien plants so as
to inform management (Hulme et al. 2013b), this could dis-
tract from the fact that many alien plants have minor effects
on species richness. Although the suite of alien species exam-
ined on Banks Peninsula does include over 30 known inva-
sive plants of conservation significance (e.g. Ulex europaeus),
they were not consistently found to have negative relation-
ships with species richness. Thus, our assessment of potential
impacts is more representative of most floras and is surpris-
ingly close to the estimate that only 10% of naturalized alien
plants are likely to become invasive (Williamson 1996; Hul-
me 2012).
Native and alien components of species richness respond

differently to the increasing abundance of alien and native
species. Surprisingly, few studies of alien plant impacts dis-
tinguish between different components of species richness but
rather focus on the total richness of the resident community
(Vil�a et al. 2011). However, we have shown that where

increasing alien species abundance is associated negatively
with native richness but positively with alien richness, these
trends may cancel each other out and result in no overall cor-
relation with total richness. Given many invaded ecosystems
contain multiple alien plant species (Herben et al. 2004; Sto-
hlgren et al. 2008), the absence of analyses that tease apart
the response of alien and native richness components is of
concern. This could of course explain why alien plant impacts
can vary in different locations if the resident communities dif-
fer in the proportion of alien species (Hulme et al. 2013a). It
also suggests that in some cases, alien plant impacts may be
underestimated when the focus is on total species richness
alone.
One strength of our study was the ability to compare alien

and native focal species and highlights that alien and native
focal species exhibit different relationships with species rich-
ness. These differences were most obvious when native and
alien components of species richness were examined sepa-
rately. Overall, it appeared that higher abundance of native
focal species was associated with increasing native richness
and declining alien richness. In contrast, higher abundance of
alien focal species was associated with declining native rich-
ness and increasing alien richness. These trends held when
examined across all species as well as for only those species
that had statistically significant relationships. While debate
exists as to whether species origin is a useful indicator of
potential impact (Davis et al. 2011), these results indicate that
aliens and natives do not play equivalent roles in community
structure. The key question is whether these patterns can be
interpreted as impacts.
The relationship between focal species abundance and

either native or alien species richness was strongly context-
dependent. In grasslands, if we examine trends across all spe-
cies, there was little indication of a strong directionality to the
relationship between alien focal species abundance and any
component of species richness. However, an increase in
native focal species abundance was associated with an
increase in native richness, frequently combined with a
decline in alien richness. This general positive association of

Table 2. Frequency of different combinations of the relationships with native (NR) and alien (AR) richness for alien and native focal species
across vegetation types

Focal
species NR AR

All plots ‘Grasslands’ ‘Woodlands’

Observed
frequency

Expected
frequency P

Observed
frequency

Expected
frequency P

Observed
frequency

Expected
frequency P

Native + + 24 32.9 � 5.0 0.0530 20 15.9 � 3.4 0.3143 17 24.2 � 4.3 0.0480
� + 13 38.8 � 5.2 <0.0001 7 15.7 � 3.3 0.0020 15 26.0 � 4.4 <0.0001
+ � 67 36.9 � 5.1 <0.0001 24 15.8 � 3.2 0.0280 31 26.7 � 4.3 0.3644
� � 33 34.3 � 5.1 0.7425 9 16.1 � 3.3 0.0160 36 24.6 � 4.2 0.0120

Alien + + 35 29.7 � 4.7 0.3166 33 26.5 � 4.3 0.1842 7 13.9 � 3.2 0.0160
� + 32 25.2 � 4.4 0.1488 20 21.9 � 4.3 0.5926 36 14.8 � 3.4 <0.0001
+ � 11 26.1 � 4.4 0.0002 11 19.5 � 3.8 0.0080 4 15.9 � 3.3 <0.0001
� � 31 30.7 � 4.6 0.9707 27 29.5 � 4.6 0.5405 12 14.6 � 3.2 0.3263

The frequency (in number of species) of the four possible combinations of q value signs across all focal species in the data set (n = 261) was
compared to expected frequencies (� null standard deviation) according to null model 1. P-values for two-tailed tests against the null distribution
are presented, with significantly higher frequencies (P < 0.05) in bold.
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high native focal species abundance and native richness com-
bined with a negative relationship with alien richness could
possibly indicate the result of community response to external
environmental factors. This might be the case when many
native taxa are restricted to less productive grasslands in
which grazing pressure and pasture improvement are less
intense. Grazing mammals were absent from New Zealand
until European colonization, and as a result, native plant spe-
cies are generally poorly adapted to ungulate herbivory (Mark
1993; Antonelli et al. 2011), whereas the most prevalent alien
perennial species have coevolved with grazers and are able to
readily replace grazed meristems (Seastedt & Py�sek 2011). In
woodlands, the overall trend across all species was for alien
focal species abundances to be positively associated with
alien richness and negatively with native richness. This may
be the result of either a general negative impact of most alien
focal species on native species or that the alien focal species
may be responding as passengers of an external environmen-
tal factor that leads to spatial covariation among alien but not
native species. The aliens found in woodlands are mostly
shade-intolerant grasses (Devkota, Kemp & Hodgson 1997),
and both their richness and abundance are likely to decline in
plots where the canopy is more closed and native richness is
high.
In the light of these broad-scale patterns across all species,

focal species with significant relationships between their
abundance and components of species richness can be exam-
ined as to whether these relationships reflect likely impacts.
In grasslands, seven alien focal species exhibited a significant
negative relationship between their abundance and native rich-
ness. These individual trends contrast markedly with the
absence of a general trend across all alien focal species in
grassland plots, suggesting that such significant negative rela-
tionships may possibly reflect an actual impact of individual
alien species. Furthermore, the majority of these alien species
are fast growing rhizomatous grasses (e.g. Lolium perenne,
Cynosurus cristatus) which are likely to have a direct compet-
itive effect on natives, in agreement with patterns of plant
trait overdispersion previously detected in these grasslands
(Gross et al. 2013) and experimental plant removals (Wardle
et al. 1999).
Conversely in woodlands, while 10 focal species did exhi-

bit significant negative correlations with components of rich-
ness, these did not stand out from the general patterns found
across all species. Moreover, the four native focal species
having significant negative correlations with alien richness
were all tree species (e.g. Melicytus ramiflorus, Podocarpus
hallii), while in contrast, the six alien focal species with sig-
nificant negative correlations with native richness were herba-
ceous (e.g. Rytidosperma racemosum, Trifolium repens).
These trends are similar to the overall patterns found across
all species in woodlands and that might reflect a general
response of grassland species to light availability (Dodd et al.
2005). Although alien herbaceous species can in some cases
reduce native tree species richness by limiting regeneration
(Rogers 1996; Flory & Clay 2010; Thomsen et al. 2012),
alien species richness was reduced in plots where native tree

abundance was highest, suggesting an exclusion of aliens in
shaded native-dominated plots. The positive correlation
between alien focal species abundance and alien richness may
thus simply reflect that aliens occupy more open woodlands,
forest gaps and edges, but are less successful at colonizing
closed native forests (e.g. Totland et al. 2005). Thus, while
similar significant negative correlations of alien abundance
with native richness were detected both in woodlands and
grasslands, patterns of covariation with the alien component
of richness point to two different ecological scenarios.
Examination of the relationship between focal species

abundance and species richness is a useful approach to under-
stand the role alien and native species play in plant communi-
ties. Our analyses reveal that widespread alien and native
species play different roles in the plant communities in which
they co-occur. This is particularly noticeable in differences in
their relationships with native and alien species richness com-
ponents. As in all correlative approaches, determination of
causation is not possible, but comparing the relationships for
native and alien focal species on different components of spe-
cies richness can assist in distinguishing between situations
where aliens may be driving the patterns or simply passengers
of wider environmental pressures. In particular, our results
highlight the fact that a negative correlation between an alien
species abundance and native richness may have very differ-
ent meanings depending on context and that jointly analysing
patterns of alien richness offers a means to identify the poten-
tial mechanisms. This would be an essential first step in
designing further experimental studies to determine the under-
lying ecological processes and potential ecosystem impact of
alien species. Given the wide availability of plot-based spe-
cies abundance and richness data, the approach we have
developed has the potential to provide a more robust perspec-
tive on the extent and mechanism by which alien plants
impact resident communities allowing for a global comparison
of patterns and a potential generalization of results.
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