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Abstract

The conservation–invasion paradox (CIP) refers to a long-term phenomenon wherein
species threatened in their native range can sustain viable populations when introduced
to other regions. Understanding the drivers of CIP is helpful for conserving threatened
species and managing invasive species, which is unfortunately still lacking. We compiled a
global data set of 1071 introduction events, including 960 CIP events (successful establish-
ment of threatened species outside its native range) and 111 non-CIP events (unsuccessful
establishment of threatened species outside its native range after introduction), involving
174 terrestrial vertebrates. We then tested the relative importance of various predictors at
the location, event, and species levels with generalized linear mixed models and model aver-
aging. Successful CIP events occurred across taxonomic groups and biogeographic realms,
especially for the mammal group in the Palearctic and Australia. Locations of success-
ful CIP events had fewer native threat factors, especially less climate warming in invaded
regions. The probability of a successful CIP event was highest when species introduction
efforts were great and there were more local congeners and fewer natural enemies. These
results can inform threatened species ex situ conservation and non-native invasive species
mitigation.
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INTRODUCTION

When threatened species are introduced into new regions, they
may or may not establish themselves. Successful establishment
defines the conservation–invasion paradox (CIP) (Figure 1)
(Gibson & Yong, 2017; Lees & Bell, 2008). There have been
a series of studies on the CIP that focused primarily on 3
aspects. First, they report on the widespread nature of the
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phenomenon across taxa and geographic regions, for exam-
ple, common spadefoot toad (Pelobates fuscus) in the Netherlands
(Koster et al., 2022), wattle-necked soft-shell turtle (Palea stein-

dachneri) in Hawaii (United States) (Marchetti & Engstrom,
2016), yellow-crested cockatoo (Cacatua sulphurea) in Hong
Kong and Singapore (Gibson & Yong, 2017), and banteng (Bos

javanicus) in Australia (Bradshaw et al., 2006). The CIP has also
been observed in plants (Adams, 2008; Rogers et al., 2005),
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FIGURE 1 A theoretical and analytic framework clarifying conservation–invasion paradox (CIP) events and potential influencing factors. Positive and negative
symbols indicate the hypothesized effect each factor has on the likelihood of a successful CIP event. Silhouettes were free access from iSlide (https://www.islide.cc)
and PhyloPic (https://www.phylopic.org/).

insects (Gibson & Yong, 2017), and fish (Crain & Moyle, 2011;
Marková et al., 2020). Second, they describe the introduction
pathway of threatened species to new ranges (Gibson & Yong,
2017). There are deliberate and accidental introductions (Lees
& Bell, 2008), including through commercial wildlife trade (e.g.,
caged birds), hunting (e.g., ungulate introduction for game hunt-
ing) (Gibson & Yong, 2017; Marchetti & Engstrom, 2016),
and ex situ conservation (Bradshaw et al., 2006; Marchetti &
Engstrom, 2016). Third, they explore the possible conserva-
tion implications for species threatened by the CIP (Gibson &
Yong, 2017; Lees & Bell, 2008; Marchetti & Engstrom, 2016).
Despite these efforts, a global picture of CIP events across taxo-
nomic groups is still lacking, and the factors driving such events
remain poorly understood. Filling this knowledge gap may help

conservation of threatened species and management of invasive
species.

Based on what is known about conservation and invasion,
several potential factors may explain the CIP. Native threat
factors may be absent or greatly reduced in new ranges. For
example, the European rabbit (Oryctolagus cuniculus) thrives in
Australia by escaping hunting, habitat degradation, rabbit cali-
civirus, Myxoma virus, and natural enemies (Jaksic & Soriguer,
1981; Lees & Bell, 2008). The Burmese python (Python bivit-

tatus), a large and endangered snake in Asia due to trade and
habitat loss (Stuart et al., 2012), has established populations in
Florida (USA), where native threat factors are not present, that
have caused severe declines in small mammal populations (Dor-
cas et al., 2012; McCleery et al., 2015). However, reduced threat
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factors may not always promote a species’ establishment when
it is introduced to a new range. For example, land-use change
usually facilitates invasions by affecting native species and open-
ing ecological niches for non-native species (Huenneke, 1992),
but this may not occur for threatened species that are sensitive
to anthropogenic disturbances in their native range. The situa-
tion is similar for pollution and climate change threats. Although
some studies suggest that pollution (Crooks et al., 2011) and cli-
mate change (Bellard et al., 2013; Gu et al., 2023) can promote
species invasions, threatened species in particular may have low
phenotypic plasticity or adaptation potential to pollution and
climate change.

Sympatric invasive species may cause some species to be
threatened in their native ranges and to fail to establish in
non-native ranges, but the invasion meltdown hypothesis pre-
dicts that non-native species established earlier may promote
secondary invasions (Simberloff & Holle, 1999). Threatened
species exploited by humans may be particularly unlikely to
establish, whereas high volumes of anthropogenic introduc-
tion can increase propagule pressure and thus establishment,
especially for those deliberately introduced for human use
(García-Díaz et al., 2015). For example, the richness of estab-
lished non-native species is closely related to human population
density (Dawson et al., 2017). Native threat factors may be
overcome by high propagule pressure from multiple introduc-
tion events or from a large number of introduced individuals
(Lockwood et al., 2009). For instance, European rabbits failed
to spread in Australia over 70 years of continuous introductions
until a key genetic type emerged from 24 rabbits introduced
in 1959 (Alves et al., 2022). Furthermore, habitat presence, as
indicated by the richness of congeners and presence of natu-
ral enemies, may also determine the occurrence of CIP events
(Redding et al., 2019; Sakai et al., 2001; Stockwell et al., 2003).
However, the relative importance of these factors for CIP
events has not been examined.

We compiled a global database of threatened terrestrial
vertebrate introduction events in which both successful (i.e.,
CIP event) and unsuccessful (non-CIP event) establishment
occurred outside their native ranges. We focused on terrestrial
vertebrates because they have relatively clear introduction histo-
ries and information is available on distributions for non-native
amphibians and reptiles (Capinha et al., 2017, 2020; Kraus, 2009;
Liu et al., 2014), birds (Dyer et al., 2017; Redding et al., 2019),
and mammals (Biancolini et al., 2021; Capellini et al., 2015;
Long, 2003). We then compared the intensities of threat fac-
tors identified by the International Union for Conservation of
Nature (IUCN) (habitat change, human use, climate change,
pollution, invasive species, and pathogens, such as chytrid fun-
gus [Batrachochytrium dendrobatidis] [IPBES, 2019]) between native
and non-native ranges for each CIP event. We hypothesized
that the intensity of threat factors in CIP events is low. We
also explored potential factors that may influence the occur-
rence of CIP events, including IUCN threat factors and other
important factors affecting success of non-native species inva-
sion, such as propagule pressure (Liu et al., 2014; Lockwood
et al., 2009), richness of native congeners (Tingley et al., 2011),
number of natural enemies (Keane, 2002), and richness of other

non-native species (Redding et al., 2019). To examine these fac-
tors, we used model averaging with generalized linear mixed
models. We aimed to answer the following 3 questions: How
prevalent are CIPs across taxa and geographic regions globally,
to what extent have native threats been alleviated in non-native
ranges for CIPs, and what are the relative effects of location-
, event-, and species-level factors in explaining CIPs? Based
on our findings, we devised recommendations for threatened
species conservation and invasive species mitigation.

METHODS

CIP and non-CIP event occurrence

Because one species may be introduced to multiple locations,
we defined CIPs and non-CIPs at the event level as successful
or failed establishment events of threatened species in differ-
ent regions, respectively (Appendix S1). We categorized the
threatened terrestrial vertebrates based on the IUCN Red List
of Threatened Species (https://www.iucnredlist.org/, accessed
30 November 2021), which classifies them as vulnerable (VU),
endangered (EN), or critically endangered (CR). We then deter-
mined the establishment status (successful or failed) of these
species in non-native ranges based on widely used databases
across taxa. For non-native amphibians and reptiles, we used
a compendium of 2142 introduction events involving 676 non-
native reptiles and amphibians (Kraus, 2009) and the literature
from the last decade (Capinha et al., 2017, 2020; Liu et al., 2019,
2021). For non-native birds, we obtained data from the Global
Avian Invasions Atlas (GAVIA), a spatial and temporal data
set with 27,723 distribution records and establishment statuses
for 971 non-native birds worldwide (Dyer et al., 2017; Redding
et al., 2019). For non-native mammals, we integrated and cross-
checked 4 main sources: Long (2003), Capellini et al. (2015),
Lundgren et al. (2017), and Biancolini et al. (2021). Because the
exact time when the species was threatened in its native range
was not available, we did not verify whether the endangerment
of the species in its native ranges occurred before the species
was introduced into other regions.

Native and non-native range information for birds was
obtained from the BirdLife International & NatureServe
geodatabase (http://datazone.birdlife.org/species/requestdis,
accessed January 2022), the GAVIA database, and updated
references (Dyer et al., 2017; Redding et al., 2019). We collected
native and non-native range information for mammals from
the IUCN database and global non-native mammal species data
sets (Biancolini et al., 2021; Capellini et al., 2015; Long, 2003;
Lundgren et al., 2017). In addition to the range maps, we also
collected literature from recent years (Appendix S2). We deter-
mined the native ranges of amphibians based on IUCN spatial
range maps (https://www.iucnredlist.org/resources/spatial-
data-download) and recent updates for global reptiles
(Roll et al., 2017). Because amphibians and reptiles lack
range maps for non-native ranges, the distribution data of
non-native amphibians and reptiles were obtained mainly
from databases, including Global Biodiversity Information
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Facility (http://www.gbif.org/), iNaturalist (https://www.
inaturalist.org/), Biodiversity Information Serving Our Nation
(https://bison.usgs.gov/), iDigBio (https://www.idigbio.org/),
and Atlas of Living Australia (http://www.ala.org.au/), and
from recently published articles (Appendix S2). We then used
the CoordinateCleaner R package to remove erroneous records,
such as those in a nation’s capital and those without precise
coordinates (Zizka et al., 2019). We excluded samples that
lacked precise native or non-native range data (Kraus, 2009; Liu
et al., 2021). For some records that provided only descriptions
of the sample locations, we inferred geographic coordinates
with Google Maps tools (http://maps.google.com/maps).

Native threat factor collection

According to the IUCN Red List (https://www.iucnredlist.
org/), there are 12 threat mechanisms that can be grouped
into 5 major categories (IPBES, 2019): habitat change (residen-
tial and commercial development, agriculture and aquaculture,
energy production and mining, transportation and service cor-
ridors, natural system modifications, geological events), human
use (biological resource use, human intrusions and disturbance),
invasive species (invasive and other problematic species, includ-
ing pathogens), climate change (including extreme weather), and
pollution. The number of species affected by each threat factor
is in Appendix S3. We extracted all variables at a spatial reso-
lution of 0.5◦ grids, which is a common resolution for global
studies used to balance the analysis accuracy and calculation
efficiency (Early et al., 2016; Liu et al., 2019).

We quantified habitat change based on anthropogenic land-
use change (ALUC). We obtained global land-use data from the
Anthromes 2 data set (Anthropogenic Biomes 2, accessed 17
October 17) in ESRI GRID format (Ellis et al., 2010). We used
the 1900 and 2000 data to calculate the temporal changes in
land use and computed the percentage of grids that changed
to a more anthropogenically influenced type for each grid with
the reclassify and raster functions in ArcGIS Pro (Zhang et al.,
2022).

Because detailed data on human use of wildlife, such as
human hunting pressure, are not available at the global scale,
we used population density as a surrogate for human use.
The mean human population density in each species’ range
was extracted from the Socioeconomic Data and Applications
Center (http://sedac.ciesin.columbia.edu/gpw, accessed Jan-
uary 2022) after resampling at a 0.5◦ resolution with bilinear
interpolation (Phillips et al., 2006).

We quantified the invasive species factor by calculating the
number of other established non-native terrestrial vertebrates
within the range of the introduced species. Considering that not
all established non-native species have serious negative effects,
we used the invasive species that threaten native biodiversity and
natural ecosystems from the Global Invasive Species Database
(GISD) (https://www.iucngisd.org/gisd/) (Pagad et al., 2015).
Specifically, the frog chytrid fungus B. dendrobatidis was grouped
in this category, considering its potential Asian origin and spread

through the global amphibian trade (Fisher & Garner, 2020; Liu
et al., 2013; O’Hanlon et al., 2018).

We used 2 temperature and precipitation variables: monthly
mean temperature change (TEMP) and monthly average pre-
cipitation variation (PRE) (from the University of East Anglia
Climate Research Unit [https://sites.uea.ac.uk/cru/, accessed
December 2023]) (Harris et al., 2013). We extracted tempera-
ture and precipitation values for all grids occupied by each event
and calculated temperature and precipitation slopes from 1970
to 2000 to reflect the trend of temperature and precipitation
changes (Zhang et al., 2022).

To examine the pollution factor, we collected pesticide
use data (POL) corresponding to the distributional ranges
of each species from the Rivers in Crisis database (http://
www.riverthreat.net/data.html, accessed July 2022) (Vörös-
marty et al., 2010). The CIP and non-CIP event occurrences
were spatially joined using ArcGIS Pro 2.5.0 with the pesti-
cide layers. For each event, we used the zonal statistics tool to
calculate the pesticide averages in each grid at a resolution of
0.5◦.

Potential factors explaining CIP

The occurrence of CIP events may depend not only on whether
the native threat factors were reduced in non-native ranges,
but also on those factors that can influence establishment after
introduction. Therefore, we investigated 3 major important fac-
tors that potentially influence the establishment of vertebrate
species when they are introduced to new ranges: propagule
pressure, native congener richness, and natural enemies.

Propagule pressure is a fundamental factor determining non-
native species establishment. It is assumed that the greater the
introduction effort (i.e., more introduction events or more indi-
viduals in each introduction event), the greater the probability
of non-native species establishment (Lockwood et al., 2005;
Simberloff, 2009). Because the exact number of individuals
involved in each introduction event was generally unavailable,
we quantified propagule pressure as the minimum number of
independent introduction numbers (NOI) available for each
introduction event (Tingley et al., 2011) based on an exten-
sive literature search in Google Scholar (https://scholar.google.
com/) (keywords “species + location,” which included species
common name, scientific name or synonym, and the name of
the location where the introduction event occurred) (Appendix
S4). There were cases for which there was no information on
the exact number of introduction events. For example, some
studies describe only the introduction events qualitatively as
“some,” “occasional,” “a few,” “several,” “many”, “numerous,”
“frequent,” or “common.” For these terms, we used different
values based on previous studies. Some, occasional, and a few
were a minimum of 2. Several was 3. Many, numerous, frequent,
and common were 4 (Kraus, 2009; Tingley et al., 2011). Some
studies did not report either exact numbers or qualitative infor-
mation. We treated these cases as a single introduction event
based on the approach by Kraus (2009).
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The preadaptation hypothesis proposes that introduced
species may have a greater probability of establishment in
regions where they are closely related phylogenetically to native
species (i.e., where congeners are native) because these species
may have similar environmental requirements (Darwin’s, 1859).
Conversely, the naturalization hypothesis suggests that the non-
native congener may face greater competition pressure from
natives and thus may have a lower probability of establishment
(Tingley et al., 2011). We counted the number of sympatric
native congeners in a genus (CONG) by overlaying IUCN GIS
range maps for each terrestrial vertebrate species (Liu et al.,
2014).

The enemy release hypothesis suggests that the absence of
enemies in non-native ranges is important for the invasion suc-
cess of non-native species (Enders et al., 2020; Schulz et al.,
2019). Given that species interactions in nature are complex
and it is impossible to construct detailed food webs for each
site at the global scale (Brose et al., 2019), we applied a rel-
atively coarse but general approach by assuming that species
at higher trophic levels can be regarded as potential predators
or natural enemies, following previous studies (Fornoff et al.,
2021). We considered natural enemies as those species at a
higher level on the food chain than the invading species. We
identified natural enemies for each CIP event by overlaying the
invading species distribution where the CIP event occurs with
the IUCN GIS range maps for global amphibians, reptiles (Roll
et al., 2017), and terrestrial mammals (http://www.iucnredlist.
org/, accessed November 2021), and as well as accessing the
geographic database of the International Bird Union (http://
datazone.birdlife.org/species/requestdis, accessed on January
2022) for birds, and then filtering these higher trophic-level
species.

Data analyses

To test whether there were fewer native threats associated with
CIP events in new locations relative to native locations, we
compared differences habitat change, human use, pollution,
temperature and precipitation change, and threats from other
invasive species between the native and non-native ranges based
on the 2-tailed Wilcoxon signed rank test. We used the rstatix
package in R (Kassambara, 2020) to conduct this analysis.

We then explored the factors influencing the occurrence of
CIP events (i.e., 1, CIP event; 0, non-CIP event) by integrat-
ing 9 predictor variables, including the 6 native threat factors
and the other 3 potential factors related to non-native species
establishment. To improve normality, we log10-transformed
the number of introductions before analyses and transformed
human use, richness of other exotic species, and number of
natural enemies to log10(x+1). Before analyses, we scaled 9
predictor variables to a mean value of 0 and a unit variance
of 1 (Redding et al., 2019). These 9 variables did not show
high multicollinearity (Spearman correlation coefficient, r < 0.7)
(Appendix S5) (James et al., 2015). We used generalized linear
mixed-effects models (GLMMs) with a binomial distribution
and logit link to investigate the effect of the 9 predictors on the

occurrence of CIP events. To account for geographic and tax-
onomic pseudoreplication of samples, we treated the invaded
biogeographical realm, class, order, and species identity as ran-
dom effects and the 9 predictor variables as fixed effects. The
biogeographical realms were the Palearctic, Australian, Nearc-
tic, Sino-Japanese, Panamanian, Oceania, Oriental, Afrotropical,
Neotropical, Madagascan, and Saharo-Arabian (Holt et al.,
2013). To control for the potential influence of the dominant
sample size of CIP events compared with non-CIP events on
our results, we assigned sample weights inversely proportional
to the class frequency into GLMMs (Cui et al., 2019; Wang et al.,
2017). We constructed 511 (29 − 1 = 511 models) GLMMs
and ranked each model with Akaike’s information criterion cor-
rected for small sample sizes (AICc) (Burnham & Anderson,
2004). Then, we applied a model averaging approach to deter-
mine the relative importance of each predictor variable with
the glmer function in the lme4 package (Lee & Grimm, 2018)
and the dredge and model.avg functions in the MuMIn pack-
age (Barton & Barton, 2015). We conducted all the analyses in
R 2.15.2 (R Core Team, 2019).

European rabbit introductions accounted for a large propor-
tion of our data set (527 out of 1071). We therefore performed
sensitivity analyses by removing the rabbit samples and repeat-
ing all analyses to test whether our results were affected by the
outlier rabbit samples.

RESULTS

There were 960 CIP events (89.6%) and 111 non-CIP events
(10.4%) among the 1071 introduction events. The CIP events
included 17 amphibian events, 59 reptile events, 79 bird events,
and 805 mammal events (Figure 2). The number of CIP events
varied among biogeographical realms. The most occurred in the
Palearctic (520 events, 30 species), followed by the Australian
(146 events, 31 species), Nearctic (117 events, 60 species), Ori-
ental (104 events, 36 species), Oceania (72 events, 29 species),
Neotropical (36 events, 12 species), Panamanian (23 events,
16 species), Afrotropical (19 events, 9 species), Saharo-Arabian
(15 events, 7 species), Sino-Japanese (11 events, 4 species), and
Madagascan (8 events, 5 species) (Figure 2).

Among the 960 CIP events, 667 had less ALUC in invaded
ranges than in native ranges, 772 events had less human use
(HSE), 651 events had lower numbers of invasive non-native
species (INS), 520 events had less pollution (POL), 520 events
had less monthly average precipitation variation (PRE), and
572 events had less monthly mean temperature change (TEMP;
Appendix S6). Some species may be affected by multiple factors
simultaneously. Further analyses indeed revealed a reduction in
native threat factors in non-native ranges for CIP events along
ALUC (2-tailed Wilcoxon signed-rank test: n = 960, p < 0.001)
(Figure 3a) (HSE: n = 960, p < 0.001 [Figure 3b]; INS: n = 960,
p < 0.001 [Figure 3c]; POL: n = 960, p < 0.001 [Figure 3d];
TEMP: n = 960, p < 0.001 [Figure 3e]; PRE: n = 960, p < 0.001
[Figure 3F]).

Model averaging analyses based on GLMMs showed that all 9
predictors were included in the 8 best models (i.e., ΔAICc < 2)
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FIGURE 2 The geographic distribution of conservation–invasion paradox (CIP) events and non-CIP events across taxonomic groups and biogeographical
realms at the (a) event level and (b) species level. Silhouettes were free access from PhyloPic (https://www.phylopic.org/).

(Table 1), but only number of introductions (NOI), native
congener richness (CONG), natural enemy (NE), and TEMP
appeared in each of the 8 top models. These 4 factors also had
the highest relative importance values among all the variables
(NOI, 1.0; CONG, 0.99; NE, 0.98; TEMP, 0.88). The probabil-
ity of CIP events increased with NOI (estimate [SE] = 18.02
[3.29], p < 0.001) and CONG (estimate [SE] = 10.30 [4.14],
p < 0.05) but decreased with NE (estimate [SE] = −12.81
[5.10], p < 0.05) and TEMP (estimate = −6.43 [2.91], p < 0.05)
(Figure 4), indicating that there was a greater probability of
CIP events when species were introduced to areas with greater
introduction efforts, greater native congener richness, fewer
natural enemies, and lower climate warming. These factors
explained a total of 87−89% of the variance in CIP occur-
rence (Table 1), demonstrating a good model fit. Moreover, after

removing the European rabbit samples, the sensitivity analy-
ses based on the remaining 544 events yielded results similar
to those of the main analyses (Appendix S7), indicating that
our results were robust to data uncertainties caused by sample
outliers.

DISCUSSION

This study, to our knowledge, is the first to quantify the poten-
tial factors influencing the long-term phenomenon of successful
establishment of threatened species in non-native ranges. Con-
sistent with our prediction, we found that native threat factors
were less intense in non-native ranges for CIP events. Moreover,
high introduction efforts (i.e., propagule pressure), more native
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FIGURE 3 Comparison between native and non-native ranges for conservation–invasion paradox (CIP) events of the 6 threat factors: (a) anthropogenic
land-use change (ALUC), (b) human use (HSE), (c) invasive non-native species (INS), (d) pollution (POL), (e) monthly mean temperature change (TEMP), and (f)
monthly average precipitation variation (PRE). All predictor variables are standardized with a mean value of 0 and a unit variance of 1. Silhouettes were free access
from iSlide (https://www.islide.cc) and PhyloPic (https://www.phylopic.org/).

TABLE 1 The top generalized linear mixed modelsa (i.e., ΔAICc < 2) used to predict conservation–invasion paradox (CIP) events based on a combination of 9
fixed effect factorsb and random effects of biogeographical realms and taxonomic identity.c

Variable

Modeld

1 2 3 4 5 6 7 8

ALUC +

CONG + + + + + + + +

HSE – – – – –

INS – – – –

NOI + + + + + + + +

POL – – – – –

PRE – – – – – – – –

NE – – – – – – – –

TEMP – – – – – – – –

ΔAICce 0.00 1.06 1.11 1.13 1.26 1.38 1.42 1.43

Akaike weightf 0.09 0.06 0.05 0.05 0.05 0.05 0.05 0.05

R2 0.89 0.88 0.89 0.87 0.89 0.89 0.87 0.89

aBinomial error structure and a logit link function with conservation–invasion paradox events (yes, 1; no, 0) as the response variable.
bFactors: INS, other invasive non-native species; TEMP, monthly mean temperature change; PRE, monthly average precipitation variation; CONG, native congener richness; ALUC,
anthropogenic land-use change; HSE, human use; NOI, number of introductions; POL, pollution; NE, natural enemy.
cClass, order, species.
dKey: +, model contains a variable with positive effect; –, model contains a variable with a negative effect; blank, variable is not in the model. Models ranked in order of increasing ΔAICc.
eAkaike information criterion (AIC) difference between each model and the highest ranked model.
fProbability that a model is best given the particular set of models considered.
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FIGURE 4 Relative importance of the 9 variables in predicting the
occurrence of conservation–invasion paradox (CIP) events according to model
averaging analyses based on generalized linear mixed models after accounting
for taxonomic and biogeographic nonindependence of the samples (INS, other
invasive non-native species; TEMP, monthly mean temperature change; PRE,
monthly average precipitation variation; CONG, native congener richness;
ALUC, anthropogenic land-use change; HSE, human use; NOI, number of
introductions; POL, pollution; NE, natural enemy; whiskers, model-averaged
95% confidence intervals; *p < 0.05; ***p < 0.001).

congeners, and fewer natural enemies might help threatened
species become established in new ranges.

Our results showed that CIP events were indeed more likely
to occur when native threat factors were released in new ranges.
However, further analyses based on model averaging indicated
that there were variations in relative importance of differ-
ent threat factors in predicting CIP. We found that this was
especially important for climate warming because CIP events
tended to occur in places where climate warming had less of
an effect. This result supported our prediction that threat-
ened species may have low phenotypic plasticity or potential
to adapt to climate fluctuation, especially temperature change
here, which thus may limit their establishment in the introduced
range.

Introduced species may also be more likely to establish
in areas with climates similar to their native ranges (Redding
et al., 2019), although the role of climatic matches in explain-
ing invasion outcomes is still debated. We therefore conducted
supplementary analyses by incorporating climatic similarity into
the GLMMs, but we did not find a significant effect on CIP
event occurrence (Appendix S8). One potential explanation is
that some species may occupy novel realized climatic niches
when they arrive in new areas (Tingley et al., 2014).

Our results also supported our initial hypothesis that most
native threat factors have complex effects on invasion out-

comes when threatened species are introduced into new ranges
(Figure 1). For instance, although habitat disturbance and
environmental pollution can facilitate non-native species estab-
lishment by creating vacant ecological niches (Crooks et al.,
2011; Huenneke, 1992), we did not detect a significant role
of habitat change or pollution in predicting threatened species
establishment elsewhere.

We also did not find a significant effect of the number of
other invasive species, demonstrating that the invasion melt-
down hypothesis seems unlikely to explain CIP occurrence in
our present study. This result was robust when we used the
number of all the other recorded established non-native species
and when we used only the number of established non-native
species introduced earlier based on the First Records database
(Seebens et al., 2018) (Appendix S9). All these finding indicated
that threatened species might be more sensitive to land-use
change, pollution, and invasive species than nonthreatened
species, which warrants further investigations.

Previous case studies show that the release of wildlife trade
and hunting pressure is crucial in the successful establishment
of threatened species in new areas (Gibson & Yong, 2017). We
used human population density as a surrogate for human use to
quantify the degree of wildlife trade and hunting pressure, which
might be one reason we did not find that human use played
an important role in CIP occurrence. We suggest that further
studies are needed when related data are available at the global
scale.

Our findings also demonstrated that some well-known fac-
tors, such as high introduction propagule pressure, native
congener richness, and few natural enemies, may facilitate the
establishment of threatened species in new areas. The important
effect of the number of introduction events strongly supported
the propagule pressure hypothesis, which is a general theory
predicting non-native species establishment (Cassey et al., 2004;
Colautti et al., 2006; Lockwood et al., 2009). A high number
of introductions and individuals in each introduction event may
reduce genetic bottlenecks or demographic stochasticity and
increase the population’s capacity to adapt to new selection pres-
sures (Ghabooli, 2014). For example, a successful introduction
after many rounds of effort ultimately facilitated the invasion of
European rabbits in Australia (Alves et al., 2022).

The positive relationship between CIP and native congener
richness supports the preadaptation hypothesis, which predicts
that the establishment of non-native species is greater in the
presence of native congeners (Tingley et al., 2011), especially
at large spatial extents (Park et al., 2020). This result was also
consistent with previous studies on the positive relationship
between the richness of native congeners and the establishment
success and spread of non-native amphibians and reptiles at the
global scale (Ferreira et al., 2012; Liu et al., 2014; Tingley et al.,
2011) and at the continental scale in Europe and North Amer-
ica (Poessel et al., 2012). A greater richness of closely related
species might indicate that there is more habitat for introduced
non-native species and thus that these species are more likely to
become established (Redding et al., 2019).

The important effect of reduced natural enemies on CIP
events corroborated the enemy release hypothesis (Enders et al.,
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FIGURE 5 Predicted likelihood of conservation–invasion paradox (CIP) events in each administrative unit at the global scale based on the fitted values and
95% confidence intervals (CIs) for CIP events in each administrative region and the important predictors in the generalized linear mixed models.

2020; Schulz et al., 2019). This result was also consistent with
some empirical observations. For example, European rabbits
face 24 natural enemies in their original habitat but few in
invaded areas, which promotes establishment success (Lees &
Bell, 2008).

There were some limitations to our analyses. For example,
because sample sizes were limited for each taxon, especially
non-native amphibians, and the mammal group was dominated
by European rabbit samples, we combined taxa in our main
analysis. To test whether there were certain important predic-
tor variables across taxa, we conducted supplementary analyses
with birds and reptiles (Appendix S10) and found that although
the importance of different factors varied across taxonomic
groups, propagule pressure was still one most important fac-
tor for predicting establishment. Furthermore, because we were
unable to determine the exact time at which each non-native
species was established, we could not directly test whether ear-
lier invaders facilitated further establishment. Finally, although
we conducted intensive data collection on the occurrence of
CIP and non-CIP events, we likely missed local reports in
non-English languages (Amano et al., 2021).

Despite the methodological limitations, our findings may
provide useful information for threatened species conservation
and invasive species mitigation strategies. Reintroducing threat-
ened species to new areas is a classic conservation approach
(Li & Pritchard, 2009). However, reintroduced populations may
still be affected by their native threat factors if these threats
are not removed (Rocha & Bergallo, 2012). For instance, the
Arabian oryx (Oryx leucoryx) was poached to extinction on the

Arabian Peninsula and in the United States after its introduction
there. Forty individuals were reintroduced and reestablished in
the Arabian Desert, but poaching has again caused the rein-
troduced population to collapse and negated the decade of
reintroduction efforts (Spalton et al., 1999). Our results indi-
cated that the species can be introduced to areas with low or
no original threats, especially areas without high temperature
fluctuations and natural enemies. Moreover, most introduced
species usually start with a small population and can thus be
limited by genetic bottlenecks (Birzu et al., 2019) and inbreeding
depression (Hofmeister et al., 2021). Our results suggested that
number of introductions is critical for sustaining the population
establishment of threatened species (Figure 4; Table 1). Multi-
ple introduction events or more individuals at each event can be
an important way to overcome the founder effect (Stuart et al.,
2023) and increase the probability of population restoration.
Using the important predictors we identified, we also gener-
ated a prediction map based on the GLMM fitted values and
95% confidence intervals for CIP events in each administra-
tive region (Zhang et al., 2022). This map suggests that CIP
events may be more likely to occur in the United Kingdom, New
Zealand, Cook Islands, Australia, French Southern Territories,
South Georgia, the South Sandwich Islands, the United States,
Kiribati, Ireland, and Puerto Rico (Figure 5). However, the
potential effects of reintroduced species on other local species
and ecosystem functions should be carefully evaluated. It thus
needs the combined efforts by conservation biologists and inva-
sion ecologists to collaborate on future reintroduction efforts
for threatened species.

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14290, W

iley O
nline L

ibrary on [17/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 12 HONG ET AL.

AUTHOR CONTRIBUTIONS

Xuan Liu conceived the study. Xuan Liu and Zhiyong Yuan
supervised the project. Xuan Liu and Yanhua Hong designed
the study. Yanhua Hong and Xuan Liu collected and analyzed
the data. Yanhua Hong, Xuan Liu, and Zhiyong Yuan wrote the
manuscript.

ACKNOWLEDGMENTS

X.L. was supported by the National Science Foundation
of China (32171657), the Third Xinjiang Scientific Expedi-
tion Program (2022xjkk0800), grants from Youth Innovation
Promotion Association of Chinese Academy of Sciences
(Y201920), and grants from High Quality Economic and
Social Development in Southern Xinjiang (NFS2101). Z.Y.Y.
was supported by grants from the Yunnan Fundamental
Research Project (202001AW070016, 202005AC160046) and
Fundamental Research Funds for the Central Universities
(SWU7112200222). We thank G. Latombe and 2 other anony-
mous reviewers for constructive comments on an earlier version
of the manuscript.

ORCID

Yanhua Hong https://orcid.org/0009-0001-1321-5268
Xuan Liu https://orcid.org/0000-0003-1572-1268

REFERENCES

Adams, R. P. (2008). Juniperus bermudiana: A species in crisis,
should it be rescued from introduced Junipers? Phytologia, 90,
134–136.

Alves, J. M., Carneiro, M., Day, J. P., Welch, J. J., Duckworth, J. A., Cox, T. E.,
Letnic, M., Strive, T., Ferrand, N., & Jiggins, F. M. (2022). A single introduc-
tion of wild rabbits triggered the biological invasion of Australia. Proceedings

of the National Academy of Sciences of the United States of America, 119, Article
e2122734119.

Amano, T., Berdejo-Espinola, V., Christie, A. P., Willott, K., Akasaka, M., Báldi,
A., Berthinussen, A., Bertolino, S., Bladon, A. J., Chen, M., Choi, C.-Y.,
Kharrat, M. B. D., de Oliveira, L. G., Farhat, P., Golivets, M., Aranzamendi,
N. H., Jantke, K., Kajzer-Bonk, J., Aytekin, M. C. K., … Sutherland, W. J.
(2021). Tapping into non-English-language science for the conservation of
global biodiversity. PLoS Biology, 19, Article e3001296.

Barton, K., & Barton, M. K. (2015). Package ‘mumin’. Version 1, 439.
Bellard, C., Thuiller, W., Leroy, B., Genovesi, P., Bakkenes, M., & Courchamp, F.

(2013). Will climate change promote future invasions? Global Change Biology,
19, 3740–3748.

Biancolini, D., Vascellari, V., Melone, B., Blackburn, T. M., Cassey, P., Scrivens,
S. L., & Rondinini, C. (2021). DAMA: The global Distribution of Alien
Mammals database. Ecology, 102, Article e03474.

Birzu, G., Matin, S., Hallatschek, O., & Korolev, K. S. (2019). Genetic drift in
range expansions is very sensitive to density dependence in dispersal and
growth. Ecology Letters, 22, 1817–1827.

Bradshaw, C. J., Isagi, Y., Kaneko, S., Bowman, D. M., & Brook, B. W. (2006).
Conservation value of non-native banteng in northern Australia. Conservation

Biology, 20, 1306–1311.
Brose, U., Archambault, P., Barnes, A. D., Bersier, L. F., Boy, T., Canning-Clode,

J., Conti, E., Dias, M., Digel, C., Dissanayake, A., & Flores, A. A. (2019).
Predator traits determine food-web architecture across ecosystems. Nature

Ecology & Evolution, 3, 919–927.
Burnham, K. P., & Anderson, D. R. (2004). Model selection and multi-model inference:

A practical information-theoretic approach (2nd ed.). Springer-Verlag.
Capellini, I., Baker, J., Allen, W. L., Street, S. E., & Venditti, C. (2015). The role

of life history traits in mammalian invasion success. Ecology Letters, 18, 1099–
1107.

Capinha, C., Marcolin, F., Reino, L., & Algar, A. (2020). Human-induced
globalization of insular herpetofaunas. Global Ecology and Biogeography, 29,
1328–1349.

Capinha, C., Seebens, H., Cassey, P., García-Díaz, P., Lenzner, B., Mang, T.,
Moser, D., Pyšek, P., Rödder, D., Scalera, R., & Winter, M. (2017). Diversity,
biogeography and the global flows of alien amphibians and reptiles. Diversity

and Distributions, 23, 1313–1322.
Cassey, P., Blackburn, T. M., Sol, D., Duncan, R. P., & Lockwood, J. L. (2004).

Global patterns of introduction effort and establishment success in birds.
Proceedings of the Royal Society of London. Series B: Biological Sciences, 271, S405–
S408.

Colautti, R. I., Grigorovich, I. A., & MacIsaac, H. J. (2006). Propagule pressure:
A null model for biological invasions. Biological Invasions, 8, 1023–1037.

Crain, P. K., & Moyle, P. B. (2011). Biology, history, status and conservation of
Sacramento perch, Archoplites interruptus. San Francisco Estuary and Watershed

Science, 9, Article 5.
Crooks, J. A., Chang, A. L., & Ruiz, G. M. (2011). Aquatic pollution increases

the relative success of invasive species. Biological Invasions, 13, 165–176.
Cui, Y., Jia, M., Lin, T. Y., Song, Y., & Belongie, S. (2019). Class-balanced loss

based on effective number of samples. Proceedings of the IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition, 15–20 June 2019,
Long Beach, CA, USA; pp. 9268–9277. https://doi.org/10.1109/CVPR.
2019.00949

Darwin, C. (1859). On the origin of species. John Murray.
Dawson, W., Moser, D., Van Kleunen, M., Kreft, H., Pergl, J., Pyšek, P., Weigelt,

P., Winter, M., Lenzner, B., Blackburn, T. M., & Dyer, E. E. (2017). Global
hotspots and correlates of alien species richness across taxonomic groups.
Nature Ecology & Evolution, 1, Article 0186.

Dorcas, M. E., Willson, J. D., Reed, R. N., Snow, R. W., Rochford, M. R., Miller,
M. A., Meshaka, W. E., Jr., Andreadis, P. T., Mazzotti, F. J., Romagosa, C. M.,
& Hart, K. M. (2012). Severe mammal declines coincide with proliferation
of invasive Burmese pythons in Everglades National Park. Proceedings of the

National Academy of Sciences of the United States of America, 109, 2418–2422.
Dyer, E. E., Redding, D. W., & Blackburn, T. M. (2017). The global avian inva-

sions atlas, a database of alien bird distributions worldwide. Science Data, 4,
Article 170041.

Early, R., Bradley, B. A., Dukes, J. S., Lawler, J. J., Olden, J. D., Blumenthal,
D. M., Gonzalez, P., Grosholz, E. D., Ibañez, I., Miller, L. P., & Sorte, C. J.
(2016). Global threats from invasive alien species in the twenty-first century
and national response capacities. Nature Communications, 7, Article 12485.

Ellis, E. C., Klein Goldewijk, K., Siebert, S., Lightman, D., & Ramankutty, N.
(2010). Anthropogenic transformation of the biomes, 1700 to 2000. Global

Ecology and Biogeography, 19, 589–606.
Enders, M., Havemann, F., Ruland, F., Bernard-Verdier, M., Catford, J. A.,

Gómez-Aparicio, L., Haider, S., Heger, T., Kueffer, C., & Kühn, I. (2020). A
conceptual map of invasion biology: Integrating hypotheses into a consensus
network. Global Ecology and Biogeography, 29, 978–991.

Ferreira, R. B., Beard, K. H., Peterson, S. L., Poessel, S. A., & Callahan, C. M.
(2012). Establishment of introduced reptiles increases with the presence and
richness of native congeners. Amphibia-Reptilia, 33, 387–392.

Fornoff, F., Staab, M., Zhu, C. D., & Klein, A. M. (2021). Multi-trophic commu-
nities re-establish with canopy cover and microclimate in a subtropical forest
biodiversity experiment. Oecologia, 196, 289–301.

Fisher, M. C., & Garner, T. W. J. (2020). Chytrid fungi and global amphibian
declines. Nature Reviews Microbiology, 18, 332–343.

García-Díaz, P., Ross, J. V., Ayres, C., & Cassey, P. (2015). Understanding the
biological invasion risk posed by the global wildlife trade: Propagule pressure
drives the introduction and establishment of Nearctic turtles. Global Change

Biology, 21, 1078–1091.
Ghabooli, S. (2014). Genetic diversity and propagule pressure: Determinants of

invasion success? Electronic Theses and Dissertations 5196. https://scholar.
uwindsor.ca/etd/5196

Gibson, L., & Yong, D. L. (2017). Saving two birds with one stone: Solving
the quandary of introduced, threatened species. Frontiers in Ecology and the

Environment, 15, 35–41.
Gu, S., Qi, T., Rohr, J. R., & Liu, X. (2023). Meta-analysis reveals less sensitivity

of non-native animals than natives to extreme weather worldwide. Nature

Ecology & Evolution, 7, 2004–2027.

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14290, W

iley O
nline L

ibrary on [17/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0009-0001-1321-5268
https://orcid.org/0009-0001-1321-5268
https://orcid.org/0000-0003-1572-1268
https://orcid.org/0000-0003-1572-1268
https://doi.org/10.1109/CVPR.2019.00949
https://doi.org/10.1109/CVPR.2019.00949
https://scholar.uwindsor.ca/etd/5196
https://scholar.uwindsor.ca/etd/5196


CONSERVATION BIOLOGY 11 of 12

Harris, I., Jones, P. D., Osborn, T. J., & Lister, D. H. (2013). Updated
high-resolution grids of monthly climatic observations—The CRU TS3.10
Dataset. International Journal of Climatology, 34, 623–642.

Hofmeister, N. R., Stuart, K., Warren, W. C., Werner, S. J., Bateson, M., Ball,
G. F., Buchanan, K. L., Burt, D. W., Cardilini, A. P., & Cassey, P. (2021).
Concurrent invasions by European starlings (Sturnus vulgaris) suggest selec-
tion on shared genomic regions even after genetic bottlenecks. bioRxiv,
https://doi.org/10.1101/2021.05.19.442026

Holt, B. G., Lessard, J. P., Borregaard, M. K., Fritz, S. A., Araújo, M. B.,
Dimitrov, D., Fabre, P. H., Graham, C. H., Graves, G. R., Jønsson, K. A.,
& Nogués-Bravo, D. (2013). An update of Wallace’s zoogeographic regions
of the world. Science, 339, 74–78.

Huenneke, H. L. F. (1992). Disturbance, diversity, and invasion: Implications for
conservation. Conservation Biology, 6, 324–337.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Ser-
vices (IPBES). (2019). Summary for policymakers of the global assessment
report on biodiversity and ecosystem services. Zenodo. https://doi.org/10.
5281/zenodo.3553579

Jaksic, F. M., & Soriguer, R. C. (1981). Predation upon the European rab-
bit (Oryctolagus Cuniculus) in Mediterranean habitats of Chile and Spain—A
comparative-analysis. Journal of Animal Ecology, 50, 269–281.

James, A., Burdett, C., McCool, M., Fox, A., & Riggs, P. (2015). The geographic
distribution and ecological preferences of the American dog tick, Dermacentor

variabilis (Say), in the USA. Medical and Veterinary Entomology, 29, 178–188.
Kassambara, A. (2020). Package ‘rstatix’. R topics documented. https://rpkgs.

datanovia.com/rstatix/
Keane, R. (2002). Exotic plant invasions and the enemy release hypothesis.

Trends in Ecology & Evolution, 17, 164–170.
Koster, S., Prins, N., Dufresnes, C., France, J., de Visser, M. C., Struijk, R. P. J.

H., & Wielstra, B. (2022). The conservation paradox of an introduced pop-
ulation of a threatened species: Spadefoot toads in the coastal dunes of the
Netherlands. Amphibia-Reptilia, 44, 11–18.

Kraus, F. (2009). Alien reptiles and amphibian. A scientific compendium and analysis.

Invading nature: Springer series in invasion ecology (Vol. 4). Springer.
Lee, W., & Grimm, K. J. (2018). Generalized linear mixed-effects model-

ing programs in R for binary outcomes. Structural Equation Modeling: A

Multidisciplinary Journal, 25, 824–828.
Lees, A. C., & Bell, D. J. (2008). A conservation paradox for the 21st century: The

European wild rabbit Oryctolagus cuniculus, an invasive alien and an endangered
native species. Mammal Review, 38, 304–320.

Li, D-Z., & Pritchard, H. W. (2009). The science and economics of ex situ plant
conservation. Trends in Plant Science, 14, 614–621.

Liu, X., Blackburn, T. M., Song, T., Li, X., Huang, C., & Li, Y. (2019). Risks of
biological invasion on the belt and road. Current Biology, 29, 499.e4–505.e4.

Liu, X., Li, X., Liu, Z., Tingley, R., Kraus, F., Guo, Z., & Li, Y. (2014).
Congener diversity, topographic heterogeneity and human-assisted disper-
sal predict spread rates of alien herpetofauna at a global scale. Ecology Letters,
17, 821–829.

Liu, X., McGarrity, M. E., Bai, C., Ke, Z., & Li, Y. (2013). Ecological knowledge
reduces religious release of invasive species. Ecosphere, 4, 1–12.

Liu, X., Rohr, J. R., Li, X., Deng, T., Li, W., & Li, Y. (2021). Climate extremes,
variability, and trade shape biogeographical patterns of alien species. Current

Zoology, 67, 393–402.
Lockwood, J. L., Cassey, P., & Blackburn, T. (2005). The role of propagule

pressure in explaining species invasions. Trends in Ecology & Evolution, 20,
223–228.

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, 904–910.

Long, J. L. (2003). Introduced mammals of the world. CSIRO Publishing.
Lundgren, E. J., Ramp, D., Ripple, W. J., & Wallach, A. D. (2017). Introduced

megafauna are rewilding the Anthropocene. Ecography, 41, 857–866.
Marchetti, M. P., & Engstrom, T. (2016). The conservation paradox of

endangered and invasive species. Conservation Biology, 30, 434–437.
Marková, J., Jerikho, R., Wardiatno, Y., Kamal, M. M., Magalhães, A. L. B.,

Bohatá, L., Kalous, L., & Patoka, J. (2020). Conservation paradox of giant
arapaima Arapaima gigas (Schinz, 1822) (Pisces: Arapaimidae): Endangered in

its native range in Brazil and invasive in Indonesia. Knowledge & Management of

Aquatic Ecosystems, 421, Article 47.
McCleery, R. A., Sovie, A., Reed, R. N., Cunningham, M. W., Hunter, M. E., &

Hart, K. M. (2015). Marsh rabbit mortalities tie pythons to the precipitous
decline of mammals in the Everglades. Proceedings of the Royal Society B: Biological

Sciences, 282(1805), Article 20150120.
O’Hanlon, S. J., Rieux, A., Farrer, R. A., Rosa, G. M., Waldman, B., Bataille,

A., Kosch, T. A., Murray, K. A., Brankovics, B., Fumagalli, M., & Martin,
M. D. (2018). Recent Asian origin of chytrid fungi causing global amphibian
declines. Science, 360, 621–627.

Pagad, S., Genovesi, P., Carnevali, L., Scalera, R., & Clout, M. (2015). IUCN
SSC Invasive Species Specialist Group: Invasive alien species information
management supporting practitioners, policy makers and decision takers.
Management of Biological Invasions, 6, 127–135.

Park, D. S., Feng, X., Maitner, B. S., Ernst, K. C., & Enquist, B. J. (2020). Dar-
win’s naturalization conundrum can be explained by spatial scale. Proceedings

of the National Academy of Sciences of the United States of America, 117, 10904–
10910.

Phillips, S. J., Anderson, R. P., & Schapire, R. E. (2006). Maximum entropy
modeling of species geographic distributions. Ecological Modelling, 190,
231–259.

Poessel, S. A., Beard, K. H., Callahan, C. M., Ferreira, R. B., & Stevenson, E. T.
(2012). Biotic acceptance in introduced amphibians and reptiles in Europe
and North America. Global Ecology and Biogeography, 22, 192–201.

R Core Team. (2019). R: A language and environment for statistical comput-
ing. Vienna, Austria: R Foundation for Statistical Computing. Retrieved from
https://www.R-project.org/

Redding, D. W., Pigot, A. L., Dyer, E. E., Sekercioglu, C. H., Kark, S., &
Blackburn, T. M. (2019). Location-level processes drive the establishment
of alien bird populations worldwide. Nature, 571, 103–106.

Rocha, C. F. D., & Bergallo, H. G. (2012). When invasive exotic populations are
threatened with extinction. Biodiversity and Conservation, 21, 3729–3730.

Rogers, D. L., Jesús Vargas Hernández, J., Matheson, A. C., & Guerra Santos,
J. J. (2005). Conserving the pines of Guadalupe and Cedros Islands, Mexico:
An international collaboration. In A Romero & S. West (Eds.), Environmental

issues in Latin America and the Caribbean (pp. 31–53). Springer-Verlag.
Roll, U., Feldman, A., Novosolov, M., Allison, A., Bauer, A. M., Bernard, R.,

Böhm, M., Castro-Herrera, F., Chirio, L., & Collen, B. (2017). The global dis-
tribution of tetrapods reveals a need for targeted reptile conservation. Nature

Ecology & Evolution, 1, 1677–1682.
Sakai, A. K., Allendorf, F. W., Holt, J. S., Lodge, D. M., Molofsky, J., With, K. A.,

Baughman, S., Cabin, R. J., Cohen, J. E., Ellstrand, N. C., & McCauley, D. E.
(2001). The population biology of invasive species. Annual Review of Ecology

and Systematics, 32, 305–332.
Schulz, A. N., Lucardi, R. D., & Marsico, T. D. (2019). Successful invasions and

failed biocontrol: The role of antagonistic species interactions. BioScience, 69,
711–724.

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., Jeschke,
J. M., Pagad, S., Pyšek, P., van Kleunen, M., Winter, M., & Ansong, M. (2018).
Global rise in emerging alien species results from increased accessibility of
new source pools. Proceedings of the National Academy of Sciences of the United States

of America, 115, E2264–E2273.
Simberloff, D., & Holle, B. V. (1999). Positive interactions of nonindigenous

species: Invasional meltdown? Biological Invasions, 1, 21–32.
Simberloff, D. (2009). The role of propagule pressure in biological invasions.

Annual Review of Ecology, Evolution, and Systematics, 40, 81–102.
Spalton, J., Lawerence, M., & Brend, S. (1999). Arabian oryx reintroduction in

Oman: Successes and setbacks. Oryx, 33, 168–175.
Stockwell, C. A., Hendry, A. P., & Kinnison, M. T. (2003). Contemporary

evolution meets conservation biology. Trends in Ecology & Evolution, 18,
94–101.

Stuart, B., Nguyen, T., Thy, N., Grismer, L., Chan-Ard, T., Iskandar, D.,
Golynsky, E., & Lau, M. (2012). Python bivittatus (errata version published
in 2019). The IUCN Red List of Threatened Species:2012–2011.

Stuart, K. C., Hofmeister, N. R., Zichello, J. M., & Rollins, L. A. (2023). Global
invasion history and native decline of the common starling: Insights through
genetics. Biological Invasions, 25, 1291–1316.

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14290, W

iley O
nline L

ibrary on [17/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1101/2021.05.19.442026
https://doi.org/10.5281/zenodo.3553579
https://doi.org/10.5281/zenodo.3553579
https://rpkgs.datanovia.com/rstatix/
https://rpkgs.datanovia.com/rstatix/
https://www.R-project.org/


12 of 12 HONG ET AL.

Tingley, R., Phillips, B. L., & Shine, R. (2011). Establishment success of intro-
duced amphibians increases in the presence of congeneric species. The

American Naturalist, 177, 382–388.
Tingley, R., Vallinoto, M., Sequeira, F., & Kearney, M. R. (2014). Realized niche

shift during a global biological invasion. Proceedings of the National Academy of

Sciences of the United States of America, 111, 10233–10238.
Vörösmarty, C. J., McIntyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A.,

Green, P., Glidden, S., Bunn, S. E., Sullivan, C. A., & Liermann, C. R. (2010).
Global threats to human water security and river biodiversity. Nature, 467,
555–561.

Wang, Y., Ramanan, D., & Hebert, M. H. (2017). Learning to model the tail.
Paper presented at Advances in Neural Information Processing Systems
(NeurIPS).

Zhang, L., Rohr, J., Cui, R., Xin, Y., Han, L., Yang, X., Gu, S., Du, Y., Liang, J.,
Wang, X., & Wu, Z. (2022). Biological invasions facilitate zoonotic disease
emergences. Nature Communications, 13, Article 1762.

Zizka, A., Silvestro, D., Andermann, T., Azevedo, J., Duarte Ritter, C., Edler,
D., Farooq, H., Herdean, A., Ariza, M., Scharn, R., & Svantesson, S.

(2019). CoordinateCleaner: Standardized cleaning of occurrence records
from biological collection databases. Methods in Ecology and Evolution, 10,
744–751.

SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Hong, Y., Yuan, Z., & Liu, X.
(2024). Global drivers of the conservation–invasion
paradox. Conservation Biology, e14290.
https://doi.org/10.1111/cobi.14290

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14290, W

iley O
nline L

ibrary on [17/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/cobi.14290

	Global drivers of the conservation-invasion paradox
	Abstract
	INTRODUCTION
	METHODS
	CIP and non-CIP event occurrence
	Native threat factor collection
	Potential factors explaining CIP
	Data analyses

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


