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P E R S P E C T I V E

Latitudinal patterns of alien plant invasions

Abstract
Latitudinal patterns of biodiversity have long been a cen-
tral topic in ecology and evolutionary biology. However, 
while most previous studies have focused on native spe-
cies, little effort has been devoted to latitudinal patterns 
of plant invasions (with a few exceptions based on data 
from sparse locations). Using the most up-to-date world-
wide native and alien plant distribution data from 801 re-
gions (including islands), we compared invasion levels (i.e. 
alien richness/total richness) in the Northern and Southern 
Hemispheres and across continental regions and islands 
around the globe. Results from quantile regressions using 
B-splines to model nonlinearity showed (1) declining rich-
ness with increasing latitude, although the highest alien 
richness occurs at around 40 degrees in both hemispheres, 
(2) decreasing invasion levels towards higher latitudes on 
islands but a unimodal pattern in invasion level in continen-
tal regions in each hemisphere, (3) significantly higher inva-
sion levels on islands than in continental regions and (4) a 
greater variability in invasion levels on islands at low lati-
tudes than on high-latitude islands. In continental regions, 
only the mid-latitudes had high variability with both low 
and high invasion levels. Our findings identified latitudes 
with invasion hotspots where management is urgently 
needed, and latitudes with many areas of low invasions but 
high conservation potential where prevention of future in-
vasions should be the priority.

1  | INTRODUC TION

Latitudinal patterns have been widely recognized in both natural 
(Rosenzweig, 1992) and other fields of science such as economic and 
social sciences. Novel latitudinal patterns are now emerging as a re-
sult of human activities, and one such pattern under debate involves 
a latitudinal gradient in species invasions (Dyer, Redding, Cassey, 
Collen, & Blackburn, 2020; Fine, 2002; Rejmánek, 1996). Biological 
invasions are the result of human agency (species introductions and 

habitat modifications) and are further modulated by natural factors 
(e.g. dispersal, geographic barriers and environmental conditions). In 
recent decades, the number of alien species has increased rapidly 
(Seebens et al., 2017), and the available data have become more eas-
ily accessible (e.g. Dyer, Redding, & Blackburn, 2017; van Kleunen 
et al., 2019). Consequently, previous patterns in invasion levels may 
have changed, and should be revisited.

For instance, it has long been argued that regions rich in na-
tive species are more difficult to invade than species-poor regions 
(Elton, 1958). While such biotic resistance may exist at small spatial 
scales, large-scale studies have often observed positive correlations 
between native and alien species richness due to similar factors 
affecting both native and alien species richness (e.g. Stohlgren 
et al., 1999; but see Beaury, Finn, Corbin, Barr, & Bradley, 2019; 
Fridley et al., 2007). About two decades ago, using the still rather 
limited data available at that time, Rejmánek (1996), Sax (2001) and 
Fine (2002) showed that tropical continental regions were less in-
vaded than higher latitude regions, both relative to the number of 
native species (i.e. invasion level) and in absolute terms (i.e. alien 
species richness). Greater resistance to biological invasion, faster 
recovery after disturbance due to higher diversity, lack of life his-
tory traits that confer shade tolerance and lower colonization and 
propagule pressures have been proposed as the major causes of the 
lower alien richness in tropical continental regions (Fine, 2002; Isbell 
et al., 2015; Rejmánek, 1996). For islands, however, the pattern was 
found to be very different, with tropical islands harbouring many 
naturalized alien species (Rejmánek, 1996).

There are several reasons for the lack of convincing evidence for 
biotic resistance effects at large spatial scales (Beaury et al., 2019; 
Pyšek et al., 2017; Stohlgren et al., 1999). One of them is time as most 
alien species have not yet reached their full potential ranges and abun-
dances (e.g. Bebber, 2015; Byers et al., 2015). However, a key reason 
also lies in the differences in invasion success metrics such as alien 
species richness (i.e. the absolute number of naturalized alien species 
in a region) versus. “invasion level” (calculated as the fraction of alien 
richness in a region's flora: “alien/[alien + native]”, ranging from 0 to 1) 
(Chytrý, Maskell, et al., 2008; Hierro, Maron, & Callaway, 2005). The 
former correlates with physical (e.g. area, climate) and biotic features 
(e.g. facilitation) operating across scales (Kolar & Lodge 2002, Fridley 
et al. 2007), while the latter reflects how much resources and space 
are shared between native and alien species. Thus, invasion level 
measured as the fraction of alien species among the total flora better 
reflects the degree to which a habitat or a region has been invaded. 
This metric also relates to the potential for future invasions and is as 
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such more informative for management than alien species richness 
(Essl et al., 2019). Another important advantage of using invasion 
level, unlike alien species richness, is that it facilitates comparisons 
across regions of varying sizes or communities with different species 
richness. Fortunately, recent efforts in invasion biology have gener-
ated large amounts of data that allow us to test previously debated 
hypotheses with greater rigour. Here, we use the recently published 
GloNAF database (Pyšek et al., 2017; van Kleunen, 2015, 2019) (see 
Appendix I) to re-examine the previously reported latitudinal patterns 
of plant invasions across the globe. Particularly, we examine whether 
plant invasions exhibit similar latitudinal patterns between continen-
tal regions and islands around the globe, and whether the patterns 
and potential causal mechanisms differ between hemispheres.

2  | UPDATED L ATITUDINAL PAT TERNS OF 
PL ANT INVA SIONS

The GloNAF database (van Kleunen et al., 2019) is the most com-
prehensive global database available on alien plant species distribu-
tions; it includes data on the numbers of naturalized plant species 
(i.e. forming self-sustaining populations in the given regions; see 
Richardson et al. 2000, Blackburn et al. 2011 for definition) from 801 
regions (both continental regions and islands) around the globe (Essl 
et al., 2019; van Kleunen et al., 2019; Pyšek et al., 2017). The data 
used for this analysis are from the GloNAF dataset version used by 
Essl et al. (2019), which included the number of all recorded natural-
ized alien plant species as well as the subset of all invasive plants in 
each regional flora (such as countries, states or provinces) along a full 
latitudinal gradient from tropical to polar regions across continents.

Because different habitats support plant communities with dif-
ferent species richness (Chytrý, Maskell, et al., 2008) and biomass, 
many studies have used the fraction of alien species (in terms of rich-
ness, cover and/or biomass) in the community as a standardized mea-
sure of invasion level (Chytrý, Jarošík, et al., 2008; Essl et al., 2019; 
Guo & Symstad, 2008). However, since large-scale (e.g. continental, 
regional) biomass data for individual species are usually not avail-
able, the majority of large-scale studies could only use the richness 
and/or fractions of naturalized aliens as a measure of invasion level 
or invasibility (Elton, 1958; Rejmánek, 1996, Lonsdale 1999).

Here, we depict the observed alien plant richness and invasion 
levels reported for individual regions across both continental regions 
(n = 474) and islands (n = 327) and between regions in the Northern 
(n = 408) and Southern (n = 393) Hemispheres. Since the species 
richness was recorded for regions (incl. islands) of different sizes, we 
used area-corrected richness estimates to describe latitudinal pat-
terns (for details, see Fridley, Qian, White, & Palmer, 2006). We used 
a logarithmic transformation of area-corrected richness in a linear 
quantile regression model (Cade & Noon, 2003) with latitude as the 
predictor variable. To model nonlinear changes in species richness 
with latitudinal changes in the Southern and Northern Hemispheres 
simultaneously, we used a cubic B-spline with a single knot (break-
point) at 0 degrees on the predictor latitude (Hastie, 1992). This 

allows the cubic polynomial to have different shapes in the Northern 
and Southern Hemispheres, thus testing whether the two hemi-
spheres showed similar latitudinal invasion patterns (e.g. Chown, 
Sinclair, Leinaas, & Gaston, 2004; Hillebrand, 2004; Rejmánek, 1996; 
van Kleunen et al., 2015). We obtained estimates for the 0.10, 0.25, 
0.50, 0.75 and 0.90 quantiles (here denoted as 10th, 25th, 50th, 
75th and 90th percentiles) to provide a concise depiction of how 
the range of values of species richness changes with latitude, and we 
tested null hypotheses of zero effects using bootstrapped (10,000 
resamples) standard errors. We found that the latitudinal patterns 
were roughly symmetrical between the two hemispheres with de-
clining richness towards higher latitudes, except that alien richness 
in continental regions exhibited a bimodal pattern with the highest 
richness at about 40 degrees in both hemispheres (Figure 1).

Our initial observation showed that the variation in invasion levels 
around the world can be described as a “bounded distribution” (i.e. a 
distribution with set upper and lower limits; Johnson, 1949), for which 
a simple regression would not be valid. Therefore, we used quantile 
regression as it can directly estimate the heterogeneous changes in 
level of invasion associated with the “bounded distributions”. To de-
scribe the latitudinal patterns for invasion level and possible human 
effects, we used a logistic quantile regression model (Bottai, Cai, & 
McKeown, 2010) to estimate changes in the bounded distribution in 
invasion levels (a proportion on the interval [0, 1]) between continents 
and islands, with changes in latitude and with changes in latitude and 
human population density (people per km2). This approach uses a logit 
transformation of invasion level in a linear quantile regression model 
(Cade & Noon, 2003). We used cubic B-splines with a single knot at 
0 degrees on the predictor latitude similar to our models for species 
richness. To plot the partial effect of latitude in the model that in-
cluded the natural logarithm of human population density, we selected 
representative values of population density (0 = ln(1) person km2 and 
6 = ln(403) persons per km2) where there were many observations to 
depict the estimated effect of latitude while fixing the effect of popu-
lation density. We also examined the partial effect of the logarithm of 
human population density at two representative values of latitude (0 
and 30 degrees). We used the R packages ‘quantreg’ (Koenker, 2018) 
and ‘splines’ for quantile and splines analyses in the statistical soft-
ware environment R version 3.5.2 (R Development Core Team, 2018).

The logistic quantile regression estimates indicated that higher 
invasion levels for islands compared to the continents were het-
erogeneous, with differences increasing from lower to higher 
quantiles; 0.052 for 10th, 0.116 for 25th, 0.260 for 50th, 0.332 
for 75th and 0.369 for 90th percentiles (p < 0.0001 for all quan-
tiles). A Mann–Whitney test showed that islands on average had a 
significantly higher invasion level (0.348) than continental regions 
(0.118) (U = 26,732.50, p < 0.001). A Mann–Whitney test also re-
vealed that regions in the Northern Hemisphere were less invaded 
(invasion level = 0.158) than regions located at the same latitude in 
the Southern Hemisphere (invasion level = 0.267) (U = 54,846.50, 
p < 0.001). An examination of the patterns of quantile estimates 
by latitude indicated that most of this difference was attributed 
to higher invasion levels on islands in the Southern Hemisphere 
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(Figure 2b) because there was less difference in invasion level on 
continents between the two hemispheres (Figure 2a). When both 
islands and continental regions were combined (Fig. S1), at low lat-
itudes (i.e. in tropical regions), invasion levels of different regions 
were high and low, whereas they were consistently low at high lati-
tudes especially in the Northern Hemisphere.

The observed invasion levels across the globe form a pattern 
that could be described by a “constraint envelope” (Brown, 1995; 
Hao, Yu, Wu, Guo, & Liu, 2016) with respect to latitude that differs 
 between continental regions (Figure 2a) and islands (Figure 2b). For 
islands, there was a decrease in invasion level with increasing  latitude 
that was more pronounced in the Northern than in the Southern 

Hemisphere. Islands at higher latitudes had low invasion levels but 
those at lower latitudes, especially the tropical ones, varied greatly 
in invasion level. While many tropical islands have been heavily in-
vaded, many others still have low invasion levels. For continents, 
temperate regions (e.g. latitudes around 40º) showed both high and 
low invasion levels, while most regions in tropical and at very high lat-
itudes (e.g.> 55º) had lower invasion levels than temperate regions.

When we included effects of human population density in the 
model, it had a positive, statistically non-zero effects on the invasion 
level distribution after adjusting for the nonlinear effects of latitude 
(Fig. S2). The partial effects of human population density demon-
strate that this factor significantly affects the invasion levels on the 

F I G U R E  1   Logarithm of area-
corrected species richness for alien plants 
by latitude (degrees) for 474 regions on 
continents (top panel) and 327 regions 
on islands (bottom panel) around the 
globe. Lines are quantile regression 
estimates for 10th, 25th, 50th, 75th 
and 90th percentiles (ascending from 
lowest to highest) of log (area-corrected 
species richness) in a linear quantile 
regression model using cubic polynomials 
of latitude with a single knot at 0 degrees 
latitude (B-spline function). The B-spline 
effects of latitude were statistically 
non-zero for continents (p < 0.0001 for 
all quantiles for natives and aliens) and 
for islands (p < 0.002 for 10th, 50th, 
75th and 90th and p = 0.168 for 25th for 
aliens, and p < 0.002 for all quantiles of 
natives) [Colour figure can be viewed at 
wileyonlinelibrary.com]
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continents and on the islands even after accounting for the collinear-
ity between human population density and latitude. Furthermore, 
the partial effects of latitude indicate that there are effects of lati-
tude on invasion levels that are not directly related to human popu-
lation density (Figure 3).

3  | POSSIBLE C AUSES FOR THE 
L ATITUDINAL PAT TERNS

The results based on the most comprehensive naturalization data 
set available to date (n = 801 islands/regions) show patterns similar 

to previous analyses based on smaller numbers of regions (e.g. 
n = 115 in Rejmánek, 1996) (see also Sax, 2001 and Fine, 2002), 
and indicate that these findings are robust. A common notion that 
tropical regions are more resistant to invasion has existed in the 
literature for some time (e.g. Dobzhansky 1950). However, the 
true processes behind the observed patterns may be more com-
plex than biotic resistance alone. We outline some of the possible 
causes below. 

1. Propagule and colonization pressure: First, previous research 
showed that propagule and colonization pressures are strongly 
linked to human population density, land use, agriculture and 

F I G U R E  2   Invasion level (alien 
richness/overall species richness) for 
plants by latitude (degrees) for 474 
regions on continents (top panel) and 
327 regions on islands (bottom panel) 
around the globe. Lines are quantile 
regression estimates for 10th, 25th, 50th, 
75th and 90th percentiles (ascending 
from lowest to highest) of invasion levels 
from a logistic model form using cubic 
polynomials of latitude with a single knot 
at 0 degrees latitude (B-spline function). 
The model was estimated in its linear 
form by making a logit transformation 
of invasion level (which is a proportion), 
logit (invasion level) = log((invasion 
level − 0.0 + η)/(1.0 − invasion level + η)), 
where η = 0.001 is used to handle any 
values equal to 0 or 1. Estimates were 
then back-transformed to the nonlinear 
logistic model form (Bottai et al., 2010). 
The B-spline effects of latitude were 
statistically non-zero for continents 
(p < 0.0001 for all quantiles) and for 
islands (p < 0.010 for 10th, 25th, 50th 
and 75th and p = 0.012 for 90th) [Colour 
figure can be viewed at wileyonlinelibrary.
com]

www.wileyonlinelibrary.com
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disturbance (Lockwood, Cassey, & Blackburn, 2009; Pyšek 
et al., 2010). The higher invasion levels on tropical islands than 
in tropical continental areas could in part be due to differences 
in human population density and tourism (Moser et al., 2018; 
Rejmánek, 1996). Particularly, across tropical zones, humans 
seem to prefer tropical islands for travel and even residency 
over tropical continental areas (Figs. S2–S3)(Gössling, 2003; 
McElroy, 2003). Second, propagule and colonization pressure 
are also closely related to patterns of global trade and travel. 
There was, and still is, a much stronger trade between tem-
perate regions (e.g. between Europe, North America and Asia) 
than between tropical regions (Seebens et al., 2015). Temperate 
continental regions also experienced greater land use changes 
coupled with higher colonization and propagule pressures in 
the past than the tropical continental regions.

2. Latitudinal distribution of native species and land area: Although 
land mass in the Southern Hemisphere is largest in the tropics, 
in the Northern Hemisphere, it is largest in the temperate zone 
between 30 and 60° (Fig. S4). Nevertheless, tropical regions 
have larger native species pools than regions at higher latitudes 
for both hemispheres (Rosenzweig, 1992). Hence, the impact of 
native species distribution and land area may further explain the 
observed latitudinal invasion patterns. Even though the number 
of alien species per unit area remains the same, invasion level is 
lower in tropical regions than in temperate regions because tropi-
cal regions have higher native species richness per unit area.

3. Biotic resistance: The tropics have higher overall species rich-
ness, which implies that there are more competitors (plants) 
and enemies such as herbivores and pests (Freestone, Ruiz, & 
Torchin, 2013). It is also possible that the larger species pool in 

F I G U R E  3   Partial quantile regression estimates for plant invasion levels (alien richness/overall species richness) by latitude (degrees) at 
logarithms of population density equal to 0 (1.0 per km2) and 6 (403.4 per km2) for 474 regions on continents (top panels) and 327 regions on 
islands (bottom panels) around the globe. Lines are quantile regression estimates for 10th, 25th, 50th, 75th and 90th percentiles (ascending 
from lowest to highest) of invasion level from a logistic model form using cubic polynomials of latitude with a single knot at 0 degrees 
latitude (B-spline function) and a linear function of log(population density, number per km2). Note, when a region had 0.0 people per km2 this 
was converted to 0.005 to be able to take logarithms. The model was estimated in its linear form by making a logit transformation of invasion 
level (which is a proportion), logit (invasion level) = log((invasion level − 0.0 + η)/(1.0 − invasion level + η)), where η = 0.001. Estimates were 
then back-transformed to the nonlinear logistic model form (Bottai et al., 2010) [Colour figure can be viewed at wileyonlinelibrary.com]
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the tropics compared to temperate zones results in higher species 
density (the number of species per unit area) and more complete 
occupancy of the ecological niche space. This might result in a 
higher resistance against invasions of species from both non-trop-
ical and other tropical regions. This is the case at smaller scales 
when high native richness is coupled with relatively low human 
population density and thus less human-induced disturbance 
(Levine & D'Antonio, 1999). Nevertheless, whether and how 
small-scale invasion (and resistance) phenomena can be translated 
to regional- and global-scale patterns remains to be explored.

Among the three major possible mechanisms behind the ob-
served latitudinal patterns described above, the biotic resistance 
hypothesis lacks the most direct and solid evidence. Indirect ev-
idence for biotic resistance may be inferred from comparisons of 
geographic range boundaries in species’ native and naturalized 
ranges. The upper latitudes of alien species distributions can be 
higher or lower than those in their native ranges, but their distribu-
tions in lower latitudes are unlikely to be lower than those in their 
native ranges (Sax, 2001). This observation seems consistent with 
the hypothesis that continental regions in the tropics are more diffi-
cult to invade than those at higher latitudes and supports the notion 
that biotic resistance may play a role in limiting species invasions.

Species interactions may be more important towards the equa-
tor (e.g. Roslin et al., 2017), whereas physical factors may be more 
important in determining species distribution at higher latitudes 
(Schemske, Mittelbach, Cornell, Sobel, & Roy, 2009). This has im-
portant implications for species invasiveness and habitat invasibil-
ity. Furthermore, work at large spatial scales suggests that biotic 
interactions in the tropics that ultimately inhibit species invasions 
(i.e. those determining biotic resistance) may be mediated primarily 
through the actions of predators and pathogens rather than com-
petitors (Freestone et al., 2013). This is potentially a critical insight 
for ecological research because current efforts to document biotic 
resistance to invasion in plant communities have been dominated by 
research on competition (Levine, Adler, & Yelenik 2004).

Relative to the Northern Hemisphere, the Southern Hemisphere 
has less land mass (Fig. S4) but higher invasion levels, at least partly 
suggesting that a large number of alien species might have been in-
troduced from the Northern Hemisphere. This is consistent with the 
observation by Darwin (1859) and a recent finding by van Kleunen 
et al. (2015) based on the GloNAF database. This might partly be 
because plants from the Northern Hemisphere are disproportion-
ally over-represented among plants that are cultivated for their eco-
nomic uses (van Kleunen et al., 2020).

Global warming could be another contributing factor to our 
observed patterns as it has been demonstrated that many species 
have shifted their ranges poleward (Thomas, 2010). Warming cli-
mates coupled with increased human introductions could increase 
the likelihood that many tropical species will invade temperate re-
gions (although few species from temperate regions might become 
established at higher elevations in the tropics) (Guo, Sax, Qian, & 
Early, 2012; Pyšek et al., 2010; Thuiller et al., 2005).

An important finding of this study is that, despite the general 
trends in Figure 2, many tropical islands and temperate regions have 
very low invasion levels. The main reason could be that they are 
under much lower human influence, but the true causes need to be 
examined for each region or island individually (Figure 2, Figures S2, 
S3). In contrast, higher invasion levels on some tropical islands could 
be due to their lower native richness (lower resistance) and dishar-
monic species composition which are both related to their remote-
ness and/or isolation (König et al., 2019; Moser et al., 2018). Another 
point is that the higher variation in invasion level may be mostly 
due to difference in latitudinal patterns between native and alien 
species. That is, while native richness clearly declines with latitude 
(Rosenzweig, 1992), the pattern for alien richness is much more vari-
able (i.e. when plotting richness against latitude, natives have smaller 
residuals and stronger coefficients than alien species; Figure 1).

At the current pace of species invasions associated with climate 
change and other human disturbances (Guo et al., 2012), it is likely that 
the increased invasion levels across latitudes and regions may lead to 
increased extinction of locally native species and biotic homogeniza-
tion (Winter et al., 2009). While it is true that around the globe high 
latitudes and tropical continents consistently have lower invasion lev-
els, it is critical to investigate in the future why temperate continents 
and tropical-temperate islands show such drastic variations in their 
invasion levels (i.e. range from close to 0 to close to 1; Figure 2).

Finally, as is the case with many ecological studies, inference from 
our study may be limited by sampling bias and/or incompleteness 
of available data (Yang, Ma, & Kreft, 2013). For example, sampling 
is more intense and extensive in temperate regions than in tropi-
cal regions (van Kleunen et al., 2019; Pyšek et al., 2008) (Figure 1). 
However, given the overall large sample size, we believe that the 
general conclusions are robust.

4  | LINKS TO OTHER GLOBAL AND 
REGIONAL PAT TERNS

Although the latitudinal differences in invasion level are evident, re-
gions in the same latitudinal zone also show very different invasion 
levels (Fig. S5). Despite socioeconomic factors, including human 
population density, which is regarded as a major driver of large-scale 
invasion patterns (Essl et al., 2011, 2019; Pyšek et al., 2010), anthropo-
genic effects are not consistent across all regions. For example, east-
ern Asia and North America have similar latitudes and areas, but the 
former has a higher native species diversity and as a consequence a 
lower invasion level (0.066) than the latter (0.192). Furthermore, some 
regions with very high human population densities, especially those in 
tropical zones, such as southern and south-eastern Asia, show mod-
erate invasion levels (e.g. tropical Asia's = 0.145) (Pyšek et al., 2017).

Such differences in invasions among continents have been 
poorly studied so far (Fig. S5) (Heberling, Jo, Kozhevnikov, Lee, 
& Fridley, 2017; Rejmánek, 2003). However, it would be insight-
ful if, when discussing latitudinal patterns, we also make compar-
isons of species invasions across continents. According to climate 
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matching, it is expected that most alien species in each latitudinal 
zone might have come from the same latitudinal zone. Thus, we 
would expect introduced species from tropical regions to have 
a greater chance of naturalization in other tropical regions, than 
non-tropical species. Further work should explore how plant in-
vasion is modulated by biotic interactions, biotic resistance and 
enemy release (Liu & Stiling, 2006). Comparisons of invasion 
success among environmentally similar regions would be infor-
mative to detect biotic interactions particularly biotic resistance 
(Guo, Qian, Ricklefs, & Xi, 2006; Heberling et al., 2017; Pauchard, 
Cavieres, & Bustamante, 2004).

Using the most comprehensive database available, we have 
examined the latitudinal patterns of plant invasions. The great dif-
ferences between islands and continents and between tropical and 
temperate continental regions that we found have important im-
plications for invasion biology and biogeography. For example, due 
to species niche conservatism (Wiens et al., 2010), everything else 
(e.g. propagule pressure) being equal, one might expect greater ho-
mogenization across longitudes than across latitudes. If the velocity 
of climate change accelerates, species might show more frequent 
shifts across latitudes. Such changes could affect speciation (e.g. 
through hybridization between natives and aliens) and extinctions 
at different latitudes and on different continents (Abbott, 2017; 
Bebber, 2015; Todesco et al., 2016). Finally, management should 
pay more attention to latitudes in which invasions occur, as invasion 
levels vary with geography and may require different approaches. 
For example, in habitats with low invasion level but high invasion 
potential, early prevention and detection of high-risk species may 
be more effective. To better understand latitudinal patterns of in-
vasion, large-scale experiments and further elaboration of theoret-
ical framework is needed. Also, it would be very useful to compare 
both the latitudinal and longitudinal (among continents) invasion 
patterns between plants and other taxonomic groups such as birds, 
mammals and fishes particularly because of their different disper-
sal capacity, introduction history and sensitivity to climate/land use 
changes (e.g. Dyer et al., 2020; Sax, 2001).

5  | CONCLUSIONS

Our results show clear latitudinal patterns of plant invasions, 
which differ between islands and continents. Humans are a domi-
nant factor explaining the observed patterns in invasion levels 
after latitude, but species pool size, climate warming and biotic 
resistance likely also play a role (Karger et al., 2016). Although the 
latitudinal patterns in species invasions between the Northern 
and Southern Hemispheres are somewhat similar, there are sig-
nificant differences in the invasion levels. More importantly, while 
the patterns are similar across both hemispheres for continental 
regions, they differ between hemispheres for islands. The latitu-
dinal invasion pattern suggests that, while invasion levels on is-
lands decrease with latitude towards polar regions more strongly 
in the Northern Hemisphere and those on continental regions peak 

at mid-latitudes in both hemispheres, invasion levels could occur 
anywhere below the upper bounds of the distribution. The gen-
eral trends – modulated by substantial variation in invasion levels 
– imply that there are still many regions or islands that currently 
are not heavily invaded. Such large differences in invasion levels 
may have important implications for decisions on management and 
conservation priorities. Future work should closely monitor spe-
cies invasions across latitudes and major geographic regions and 
focus on the local–regional–global links with long-term perspec-
tives (Dawson et al., 2013).

KE Y WORDS
biogeography, biotic homogenization, globalization, human 
population, invasion level, macroscale, propagule pressure

ACKNOWLEDG EMENTS
FE acknowledges funding by the Austrian Science Foundation FWF 
(grant I 3757-B29) and MvK by the German Research Foundation 
DFG (grant 264740629). JP and PP were supported by EXPRO grant 
no. 19-28807X (Czech Science Foundation) and long-term research 
development project RVO 67985939 (Czech Academy of Sciences). 
We appreciate the constructive comments of M. Baumflek and two 
anonymous reviewers and the Handling Editor, Fabricio Villalobos. Any 
use of trade, firm or product names is for descriptive purposes only 
and does not imply endorsement by the U.S. Government.

DATA AVAIL ABILIT Y S TATEMENT
Data analysed in this study and the code for analyses in R can be 
download from Dryad repository. Dataset https://doi:10.5061/
dryad.qnk98 sfd8.

Qinfeng Guo1

Brian S. Cade2

Wayne Dawson3

Franz Essl4

Holger Kreft5,6

Jan Pergl7

Mark van Kleunen8,9

Patrick Weigelt5

Marten Winter10

Petr Pyšek7,11

1USDA FS – Southern Research Station, Research Triangle Park, 
NC, USA

2U.S. Geological Survey, Fort Collins Science Center, Fort Collins, 
CO, USA

3Department of Biosciences, Durham University, Durham, 
United Kingdom

4Division of Conservation Biology, Vegetation and Landscape 
Ecology, Department of Botany and Biodiversity Research, 

University Vienna, Wien, Austria
5Biodiversity, Macroecology & Biogeography, University of 

Goettingen, Göttingen, Germany

https://doi:10.5061/dryad.qnk98sfd8
https://doi:10.5061/dryad.qnk98sfd8
mailto:
https://orcid.org/0000-0002-4375-4916
https://orcid.org/0000-0001-9623-9849
https://orcid.org/0000-0003-3402-0774
https://orcid.org/0000-0001-8253-2112
https://orcid.org/0000-0003-4471-8236
https://orcid.org/0000-0002-0045-1974
https://orcid.org/0000-0002-2861-3701
https://orcid.org/0000-0002-2485-3708
https://orcid.org/0000-0002-9593-7300
http://orcid.org/0000-0001-8500-442X


260  |     GUO et al.

6Centre of Biodiversity and Sustainable Land Use (CBL), 
University of Goettingen, Göttingen, Germany

7Institute of Botany, Department of Invasion Ecology, Czech 
Academy of Sciences, Průhonice, Czech Republic

8Ecology, Department of Biology, University of Konstanz, 
Konstanz, Germany

9Zhejiang Provincial Key Laboratory of Plant Evolutionary 
Ecology and Conservation, Taizhou University, Taizhou, China

10German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Leipzig, Germany

11Department of Ecology, Faculty of Science, Charles University, 
Prague, Czech Republic

Correspondence
Qinfeng Guo, USDA FS, Eastern Forest Environmental 

Threat Assessment Center, 3041 E. Cornwallis Rd. Research 
Triangle Park, NC 27709, USA.

Email: qinfeng.guo@usda.gov

ORCID
Qinfeng Guo  https://orcid.org/0000-0002-4375-4916 
Brian S. Cade  https://orcid.org/0000-0001-9623-9849 
Wayne Dawson  https://orcid.org/0000-0003-3402-0774 
Franz Essl  https://orcid.org/0000-0001-8253-2112 
Holger Kreft  https://orcid.org/0000-0003-4471-8236 
Jan Pergl  https://orcid.org/0000-0002-0045-1974 
Mark van Kleunen  https://orcid.org/0000-0002-2861-3701 
Patrick Weigelt  https://orcid.org/0000-0002-2485-3708 
Marten Winter  https://orcid.org/0000-0002-9593-7300 
Petr Pyšek  http://orcid.org/0000-0001-8500-442X 

R E FE R E N C E S
Abbott, R. J. (2017). Plant speciation across environmental gradients and 

the occurrence and nature of hybrid zones. Journal of Systematics and 
Evolution, 55(4), 238–258. https://doi.org/10.1111/jse.12267

Beaury, E. M., Finn, J. T., Corbin, J. D., Barr, V., & Bradley, B. A. (2019). 
Biotic resistance to invasion is ubiquitous across ecosystems of the 
United States. Ecology Letters, 23, 476–482. https://doi.org/10.1111/
ele.13446

Bebber, D. P. (2015). Range-expanding pests and pathogens in a warming 
world. Annual Review of Phytopathology, 53(53), 335–356. https://doi.
org/10.1146/annur ev-phyto -08061 4-120207

Blackburn, T. M., Pyšek, P., Bacher, S., Carlton, J. T., Duncan, R. P., Jarošík, 
V., ... & Richardson, D. M., (2011). A proposed unified framework for 
biological invasions. Trends in Ecology & Evolution, 26(7), 333–339.

Bottai, M., Cai, B., & McKeown, R. E. (2010). Logistic quantile regression 
for bounded outcomes. Statistics in Medicine, 29(2), 309–317.

Brown, J. H. (1995). Macroecology. Chicago: University of Chicago Press.
Byers, J. E., Smith, R. S., Pringle, J. M., Clark, G. F., Gribben, P. E., Hewitt, 

C. L., … Bishop, M. J. (2015). Invasion expansion: Time since introduc-
tion best predicts global ranges of marine invaders. Scientific Reports, 
5, 12436. https://doi.org/10.1038/srep1 2436

Cade, B. S., & Noon, B. R. (2003). A gentle introduction to quantile regres-
sion for ecologists. Frontiers in Ecology and the Environment, 1(8), 412–420. 
https://doi.org/10.1890/1540-9295(2003)001[0412:AGITQ R]2.0.CO;2

Chown, S. L., Sinclair, B. J., Leinaas, H. P., & Gaston, K. J. (2004). 
Hemispheric asymmetries in biodiversity—a serious matter for 

ecology. Plos Biology, 2(11), e406. https://doi.org/10.1371/journ 
al.pbio.0020406

Chytrý, M., Jarošík, V., Pyšek, P., Hájek, O., Knollová, I., Tichý, L., & 
Danihelka, J. (2008). Separating habitat invasibility by alien plants 
from the actual level of invasion. Ecology, 89(6), 1541–1553. https://
doi.org/10.1890/07-0682.1

Chytrý, M., Maskell, L. C., Pino, J., Pyšek, P., Vilà, M., Font, X., & Smart, 
S. M. (2008). Habitat invasions by alien plants: A quantitative com-
parison among Mediterranean, subcontinental and oceanic regions 
of Europe. Journal of Applied Ecology, 45(2), 448–458. https://doi.
org/10.1111/j.1365-2664.2007.01398.x

Darwin, C. (1859). On the origin of species, Abingdon, UK: Routledge.
Dawson, W., Keser, L. H., Winter, M., Pyšek, P., Kartesz, J., Nishino, M., 

… van Kleunen, M. (2013). Correlations between global and regional 
measures of invasiveness vary with region size. NeoBiota, 16, 59–80.

Dobzhansky, T. (1950). Evolution in the tropics. American scientist, 38(2), 
209–221.

Dyer, E. E., Redding, D. W., & Blackburn, T. M. (2017). The global avian 
invasions atlas, a database of alien bird distributions worldwide. 
Scientific Data, 4(1), 1–12.

Dyer, E. E., Redding, D. W., Cassey, P., Collen, B., & Blackburn, T. M. 
(2020). Evidence for Rapoport’s rule and latitudinal patterns in the 
global distribution and diversity of alien bird species. Journal of 
Biogeography, 47, 1362–1372.

Elton, C. S. (1958). The ecology of invasions by plants and animals. London: 
Methuen.

Essl, F., Dawson, W., Kreft, H., Pergl, J., Pyšek, P., Van Kleunen, M., … 
Lenzner, B. (2019). Drivers of the relative richness of naturalized and 
invasive plant species on Earth. AoB Plants, 11(5), plz051.

Essl, F., Dullinger, S., Rabitsch, W., Hulme, P. E., Hülber, K., Jarošík, V., … 
Nentwig, W. (2011). Socioeconomic legacy yields an invasion debt. 
Proceedings of the National Academy of Sciences, 108(1), 203–207.

Fine, P. V. (2002). The invasibility of tropical forests by exotic plants. 
Journal of Tropical Ecology, 18(5), 687–705.

Freestone, A. L., Ruiz, G. M., & Torchin, M. E. (2013). Stronger biotic re-
sistance in tropics relative to temperate zone: Effects of predation on 
marine invasion dynamics. Ecology, 94(6), 1370–1377.

Fridley, J. D., Qian, H., White, P. S., & Palmer, M. W. (2006). Plant spe-
cies invasions along the latitudinal gradient in the United States: 
Comment. Ecology, 87(12), 3209–3213.

Fridley, J. D., Stachowicz, J. J., Naeem, S., Sax, D. F., Seabloom, E. W., 
Smith, M. D., … Holle, B. V. (2007). The invasion paradox: Reconciling 
pattern and process in species invasions. Ecology, 88(1), 3–17. https://
doi.org/10.1890/0012-9658(2007)88[3:TIPRP A]2.0.CO;2

Gössling, S. (2003). Tourism and development in tropical islands: Political 
ecology perspectives, Cheltenham, UK: Edward Elgar Publishing Ltd.

Guo, Q., Qian, H., Ricklefs, R. E., & Xi, W. (2006). Distributions of exotic 
plants in eastern Asia and North America. Ecology Letters, 9(7), 827–
834. https://doi.org/10.1111/j.1461-0248.2006.00938.x

Guo, Q., Sax, D. F., Qian, H., & Early, R. (2012). Latitudinal shifts of intro-
duced species: Possible causes and implications. Biological Invasions, 
14(3), 547–556. https://doi.org/10.1007/s1053 0-011-0094-8

Guo, Q., & Symstad, A. (2008). A two-part measure of degree of inva-
sion for cross-community comparisons. Conservation Biology, 22(3), 
666–672. https://doi.org/10.1111/j.1523-1739.2008.00915.x

Hao, R., Yu, D., Wu, J., Guo, Q., & Liu, Y. (2016). Constraint line methods 
and the applications in ecology. Chinese Journal of Plant Ecology, 40, 
1100–1109.

Hastie, T. J. (1992). Generalized additive models. In J. M. Chambers, & 
T. J. Hastie (Eds.), Statistical models in S (pp. 249–307). Pacific Grove, 
CA: Routledge.

Heberling, M. J., Jo, I., Kozhevnikov, A., Lee, H., & Fridley, J. D. (2017). 
Biotic interchange in the Anthropocene: Strong asymmetry in East 
Asian and eastern North American plant invasions. Global Ecology and 
Biogeography, 26(4), 447–458. https://doi.org/10.1111/geb.12551

mailto:qinfeng.guo@usda.gov
https://orcid.org/0000-0002-4375-4916
https://orcid.org/0000-0002-4375-4916
https://orcid.org/0000-0001-9623-9849
https://orcid.org/0000-0001-9623-9849
https://orcid.org/0000-0003-3402-0774
https://orcid.org/0000-0003-3402-0774
https://orcid.org/0000-0001-8253-2112
https://orcid.org/0000-0001-8253-2112
https://orcid.org/0000-0003-4471-8236
https://orcid.org/0000-0003-4471-8236
https://orcid.org/0000-0002-0045-1974
https://orcid.org/0000-0002-0045-1974
https://orcid.org/0000-0002-2861-3701
https://orcid.org/0000-0002-2861-3701
https://orcid.org/0000-0002-2485-3708
https://orcid.org/0000-0002-2485-3708
https://orcid.org/0000-0002-9593-7300
https://orcid.org/0000-0002-9593-7300
https://orcid.org/0000-0001-8500-442X
http://orcid.org/0000-0001-8500-442X
https://doi.org/10.1111/jse.12267
https://doi.org/10.1111/ele.13446
https://doi.org/10.1111/ele.13446
https://doi.org/10.1146/annurev-phyto-080614-120207
https://doi.org/10.1146/annurev-phyto-080614-120207
https://doi.org/10.1038/srep12436
https://doi.org/10.1890/1540-9295(2003)001[0412:AGITQR]2.0.CO;2
https://doi.org/10.1371/journal.pbio.0020406
https://doi.org/10.1371/journal.pbio.0020406
https://doi.org/10.1890/07-0682.1
https://doi.org/10.1890/07-0682.1
https://doi.org/10.1111/j.1365-2664.2007.01398.x
https://doi.org/10.1111/j.1365-2664.2007.01398.x
https://doi.org/10.1890/0012-9658(2007)88[3:TIPRPA]2.0.CO;2
https://doi.org/10.1890/0012-9658(2007)88[3:TIPRPA]2.0.CO;2
https://doi.org/10.1111/j.1461-0248.2006.00938.x
https://doi.org/10.1007/s10530-011-0094-8
https://doi.org/10.1111/j.1523-1739.2008.00915.x
https://doi.org/10.1111/geb.12551


     |  261GUO et al.

Hierro, J. L., Maron, J. L., & Callaway, R. M. (2005). A biogeographical ap-
proach to plant invasions: The importance of studying exotics in their 
introduced and native range. Journal of Ecology, 93(1), 5–15. https://
doi.org/10.1111/j.0022-0477.2004.00953.x

Hillebrand, H. (2004). On the generality of the latitudinal diversity 
gradient. The American Naturalist, 163(2), 192–211. https://doi.
org/10.1086/381004

Isbell, F., Craven, D., Connolly, J., Loreau, M., Schmid, B., Beierkuhnlein, 
C., … De Luca, E. (2015). Biodiversity increases the resistance of eco-
system productivity to climate extremes. Nature, 526(7574), 574–577.

Johnson, N. L. (1949). Systems of frequency curves generated by 
methods of translation. Biometrika, 36(1/2), 149–176. https://doi.
org/10.1093/biome t/36.1-2.149

Karger, D. N., Cord, A. F., Kessler, M., Kreft, H., Kühn, I., Pompe, S., … 
Wesche, K. (2016). Delineating probabilistic species pools in ecology 
and biogeography. Global Ecology and Biogeography, 25(4), 489–501. 
https://doi.org/10.1111/geb.12422

Koenker, R. (2018). Quantile Regression. R Package Version, 5, 38. https://
CRAN.R–proje ct.org/packa ge=quantreg

Kolar, C. S., & Lodge, D. M. (2002). Ecological predictions and risk assess-
ment for alien fishes in North America. Science, 298(5596), 1233-1236.

König, C., Weigelt, P., Taylor, A., Stein, A., Dawson, W., Essl, F., … Winter, 
M. (2019). Disharmony of the world's island floras. Biorxiv, 523464.

Levine, J. M., Adler, P. B., & Yelenik, S. G. (2004). A meta-analysis of biotic 
resistance to exotic plant invasions. Ecology letters, 7(10), 975–989.

Levine, J. M., & D'Antonio, C. M. (1999). Elton revisited: A review of ev-
idence linking diversity and invasibility. Oikos, 15–26. https://doi.
org/10.2307/3546992

Liu, H., & Stiling, P. (2006). Testing the enemy release hypothesis: A 
review and meta-analysis. Biological Invasions, 8(7), 1535–1545. 
https://doi.org/10.1007/s1053 0-005-5845-y

Lockwood, J. L., Cassey, P., & Blackburn, T. M. (2009). The more you 
introduce the more you get: The role of colonization pressure and 
propagule pressure in invasion ecology. Diversity and Distributions, 
15(5), 904–910. https://doi.org/10.1111/j.1472-4642.2009.00594.x

Lonsdale, W. M., (1999). Global patterns of plant invasions and the con-
cept of invasibility. Ecology, 80(5), 1522–1536.

McElroy, J. L. (2003). Tourism development in small islands across the 
world. Geografiska Annaler: Series B, Human Geography, 85(4), 231–
242. https://doi.org/10.1111/j.0435-3684.2003.00145.x

Moser, D., Lenzner, B., Weigelt, P., Dawson, W., Kreft, H., Pergl, J., … 
Essl, F. (2018). Remoteness promotes biological invasions on islands 
worldwide. Proceedings of the National Academy of Sciences, 115(37), 
9270–9275. https://doi.org/10.1073/pnas.18041 79115

Pauchard, A., Cavieres, L. A., & Bustamante, R. O. (2004). Comparing 
alien plant invasions among regions with similar climates: Where to 
from here? Diversity and Distributions, 10(5–6), 371–375. https://doi.
org/10.1111/j.1366-9516.2004.00116.x

Pysek, P., Jarosik, V., Hulme, P. E., Kuhn, I., Wild, J., Arianoutsou, M., 
… Winter, M. (2010). Disentangling the role of environmental and 
human pressures on biological invasions across Europe. Proceedings 
of the National Academy of Sciences, 107(27), 12157–12162. https://
doi.org/10.1073/pnas.10023 14107

Pyšek, P., Pergl, J., Essl, F., Lenzner, B., Dawson, W., Kreft, H., … Kleunen, 
M. V. (2017). Naturalized alien flora of the world: Species diversity, 
taxonomic and phylogenetic patterns, geographic distribution and 
global hotspots of plant invasion. Preslia, 89, 203–274. https://doi.
org/10.23855/ presl ia.2017.203

Pyšek, P., Richardson, D. M., Pergl, J., Jarošík, V., Sixtová, Z., & Weber, 
E. (2008). Geographical and taxonomic biases in invasion ecol-
ogy. Trends in Ecology & Evolution, 23(5), 237–244. https://doi.
org/10.1016/j.tree.2008.02.002

R Development Core. (2018). R: A language and environment for statistical 
computing. Vienna, Austria: R Foundation for Statistical Computing. 
Retrieved from https://www.R-proje ct.org.

Rejmánek, M. (1996). Species richness and resistance to invasions. In G. 
H. Orians, R. Dirzo, & J. H. Cushman (Eds.), Biodiversity and ecosystem 
processes in tropical forests (pp. 153–172). Berlin, Germany: Springer.

Rejmánek, M. (2003). The rich get richer - responses. Frontiers in Ecology 
and the Environment, 1(3), 122–123. https://doi.org/10.1890/1540-9
295(2003)001[0123:TRGRR ]2.0.CO;2

Richardson, D. M., Pyšek, P., Rejmánek, M., Barbour, M. G., Panetta, F. 
D., & West, C. J.. (2000). Naturalization and invasion of alien plants: 
concepts and definitions. Diversity and distributions, 6(2), 93–107.

Rosenzweig, M. L. (1992). Species diversity gradients: We know more 
and less than we thought. Journal of Mammalogy, 73(4), 715–730. 
https://doi.org/10.2307/1382191

Roslin, T., Hardwick, B., Novotny, V., Petry, W. K., Andrew, N. R., Asmus, 
A., … Bonebrake, T. C. (2017). Higher predation risk for insect prey at 
low latitudes and elevations. Science, 356(6339), 742–744.

Sax, D. F. (2001). Latitudinal gradients and geographic ranges of exotic 
species: Implications for biogeography. Journal of Biogeography, 28(1), 
139–150. https://doi.org/10.1046/j.1365-2699.2001.00536.x

Schemske, D. W., Mittelbach, G. G., Cornell, H. V., Sobel, J. M., & Roy, K. 
(2009). Is there a latitudinal gradient in the importance of biotic inter-
actions? Annual Review of Ecology Evolution and Systematics, 40, 245–
269. https://doi.org/10.1146/annur ev.ecols ys.39.110707.173430

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., 
Jeschke, J. M., … Essl, F. (2017). No saturation in the accumula-
tion of alien species worldwide. Nature Communications, 8, ARTN1 
443510.1038/ncomm s14435

Stohlgren, T. J., Binkley, D., Chong, G. W., Kalkhan, M. A., Schell, L. D., 
Bull, K. A., … Son, Y. (1999). Exotic plant species invade hot spots of 
native plant diversity. Ecological Monographs, 69(1), 25–46. https://
doi.org/10.1890/0012-9615(1999)069[0025:EPSIH S]2.0.CO;2

Thomas, C. D. (2010). Climate, climate change and range bound-
aries. Diversity and Distributions, 16(3), 488–495. https://doi.
org/10.1111/j.1472-4642.2010.00642.x

Thuiller, W., Richardson, D. M., Pysek, P., Midgley, G. F., Hughes, G. O., & 
Rouget, M. (2005). Niche-based modelling as a tool for predicting the 
risk of alien plant invasions at a global scale. Global Change Biology, 11(12), 
2234–2250. https://doi.org/10.1111/j.1365-2486.2005.001018.x

Todesco, M., Pascual, M. A., Owens, G. L., Ostevik, K. L., Moyers, B. T., 
Hübner, S., … Rieseberg, L. H. (2016). Hybridization and extinction. 
Evolutionary Applications, 9(7), 892–908. https://doi.org/10.1111/
eva.12367

van Kleunen, M., Dawson, W., Essl, F., Pergl, J., Winter, M., Weber, E., … 
Pyšek, P. (2015). Global exchange and accumulation of non-native 
plants. Nature, 525(7567), 100–103. https://doi.org/10.1038/natur 
e14910

van Kleunen, M., Pyšek, P., Dawson, W., Essl, F., Kreft, H., Pergl, J., … 
König, C. (2019). The Global naturalized alien Flora (Glo NAF) data-
base. Ecology, 100(1), e02542.

van Kleunen, M., Xu, X., Yang, Q., Maurel, N., Zhang, Z., Dawson, W., … 
Fristoe, T. S. (2020). Economic use of plants is key to their naturaliza-
tion success. Nature Communications, https://doi.org/10.1038/s4146 
7-020-16982 -3

Wiens, J. J., Ackerly, D. D., Allen, A. P., Anacker, B. L., Buckley, L. B., Cornell, 
H. V., … Stephens, P. R. (2010). Niche conservatism as an emerging 
principle in ecology and conservation biology. Ecology Letters, 13(10), 
1310–1324. https://doi.org/10.1111/j.1461-0248.2010.01515.x

Winter, M., Schweiger, O., Klotz, S., Nentwig, W., Andriopoulos, P., 
Arianoutsou, M., … Kuhn, I. (2009). Plant extinctions and introduc-
tions lead to phylogenetic and taxonomic homogenization of the 
European flora. Proceedings of the National Academy of Sciences, 
106(51), 21721–21725. https://doi.org/10.1073/pnas.09070 88106

Yang, W., Ma, K., & Kreft, H. (2013). Geographical sampling bias in a large 
distributional database and its effects on species richness–environ-
ment models. Journal of Biogeography, 40(8), 1415–1426. https://doi.
org/10.1111/jbi.12108

https://doi.org/10.1111/j.0022-0477.2004.00953.x
https://doi.org/10.1111/j.0022-0477.2004.00953.x
https://doi.org/10.1086/381004
https://doi.org/10.1086/381004
https://doi.org/10.1093/biomet/36.1-2.149
https://doi.org/10.1093/biomet/36.1-2.149
https://doi.org/10.1111/geb.12422
https://CRAN.R 13project.org/package=quantreg
https://CRAN.R 13project.org/package=quantreg
https://doi.org/10.2307/3546992
https://doi.org/10.2307/3546992
https://doi.org/10.1007/s10530-005-5845-y
https://doi.org/10.1111/j.1472-4642.2009.00594.x
https://doi.org/10.1111/j.0435-3684.2003.00145.x
https://doi.org/10.1073/pnas.1804179115
https://doi.org/10.1111/j.1366-9516.2004.00116.x
https://doi.org/10.1111/j.1366-9516.2004.00116.x
https://doi.org/10.1073/pnas.1002314107
https://doi.org/10.1073/pnas.1002314107
https://doi.org/10.23855/preslia.2017.203
https://doi.org/10.23855/preslia.2017.203
https://doi.org/10.1016/j.tree.2008.02.002
https://doi.org/10.1016/j.tree.2008.02.002
https://www.R-project.org
https://doi.org/10.1890/1540-9295(2003)001[0123:TRGRR]2.0.CO;2
https://doi.org/10.1890/1540-9295(2003)001[0123:TRGRR]2.0.CO;2
https://doi.org/10.2307/1382191
https://doi.org/10.1046/j.1365-2699.2001.00536.x
https://doi.org/10.1146/annurev.ecolsys.39.110707.173430
http://ARTN1443510.1038/ncomms14435
http://ARTN1443510.1038/ncomms14435
https://doi.org/10.1890/0012-9615(1999)069[0025:EPSIHS]2.0.CO;2
https://doi.org/10.1890/0012-9615(1999)069[0025:EPSIHS]2.0.CO;2
https://doi.org/10.1111/j.1472-4642.2010.00642.x
https://doi.org/10.1111/j.1472-4642.2010.00642.x
https://doi.org/10.1111/j.1365-2486.2005.001018.x
https://doi.org/10.1111/eva.12367
https://doi.org/10.1111/eva.12367
https://doi.org/10.1038/nature14910
https://doi.org/10.1038/nature14910
https://doi.org/10.1038/s41467-020-16982-3
https://doi.org/10.1038/s41467-020-16982-3
https://doi.org/10.1111/j.1461-0248.2010.01515.x
https://doi.org/10.1073/pnas.0907088106
https://doi.org/10.1111/jbi.12108
https://doi.org/10.1111/jbi.12108


262  |     GUO et al.

BIOSKE TCH
The authors are broadly interested in community ecology, inva-
sion biology and biogeography. 

Qinfeng Guo is a plant ecologist interested in species invasive-
ness and habitat invasibility. 

Brian S. Cade is a research statistican interested in conservation, 
quantitative and statistical research, and the other authors are 
part of the GloNAF core team.

Author contributions: QG initiated the research, BC and QG ana-
lysed the data, WD, FE, HK, JP, PP, MvK, PW and MW collected 
data and all authors contributed to developing and writing of the 
manuscript.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Guo Q, Cade BS, Dawson W, et al. 
Latitudinal patterns of alien plant invasions. J Biogeogr. 
2021;48:253–262. https://doi.org/10.1111/jbi.13943

https://doi.org/10.1111/jbi.13943

