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Abstract

The Pacific Islands region is home to several of the world’s biodiversity hotspots, yet its
unique flora and fauna are under threat because of biological invasions. These invasions
are likely to proliferate as human activity increases and large-scale natural disturbances
unfold, exacerbated by climate change. Remote sensing data and techniques provide a fea-
sible method to map and monitor invasive plant species and inform invasive plant species
management across the Pacific Islands region. We used case studies taken from literature
retrieved from Google Scholar, 3 regional agencies’ digital libraries, and 2 online cata-
logs on invasive plant species management to examine the uptake and challenges faced
in the implementation of remote sensing technology in the Pacific region. We synthe-
sized remote sensing techniques and outlined their potential to detect and map invasive
plant species based on species phenology, structural characteristics, and image texture
algorithms. The application of remote sensing methods to detect invasive plant species
was heavily reliant on species ecology, extent of invasion, and available geospatial and
remotely sensed image data. However, current mechanisms that support invasive plant
species management, including policy frameworks and geospatial data infrastructure, oper-
ated in isolation, leading to duplication of efforts and creating unsustainable solutions for
the region. For remote sensing to support invasive plant species management in the region,
key stakeholders including conservation managers, researchers, and practitioners; funding
agencies; and regional organizations must invest, where possible, in the broader geospa-
tial and environmental sector, integrate, and streamline policies and improve capacity and
technology access.
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INTRODUCTION

Invasive species are a significant driver of global change, sec-
ond only to land degradation (Kearney et al., 2019; Sakai et al.,
2001). Climate change threatens to accelerate the spread and
effects of invasive species faster than natural ecosystems can
adjust or evolve (Skarpaas & Shea, 2007). The effects of invasive
species represent a substantial economic burden to countries,
and from 1970 to 2017, a mean cost of US$226.8 billion per
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annum was spent managing them (Diagne et al., 2021). This
figure is expected to increase as cost estimates become avail-
able for more poorly appraised invasive species (Fantle-Lepczyk
et al., 2022) and the effects of climate change are realized (e.g.,
Hanley & Roberts, 2019).

Invasive species are non-native species that have been intro-
duced and have established in a new natural or seminatural
ecosystem or habitat and are recognized as a threat to native bio-
logical diversity (IUCN, 2000; Tobin, 2018). These species are
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introduced by way of human activity, either deliberate or acci-
dental (Pyšek et al., 2020), and in this review, we expanded this
definition to include native weeds that have become dominant
across landscapes and negatively affect human health and cause
economic or environmental harm.

Long-term security and effective management of threatened
ecosystems at various scales relies on thorough knowledge of
local ecosystems and their biodiversity, including the history and
distribution of invasive species and understanding of ecosystem
response to urban development and climate change and effec-
tive management strategies (Newbold et al., 2015). Management
actions are therefore improved through access to geospatial and
remotely sensed information, such as historical spatial assess-
ments of species distribution and richness (Tittensor et al., 2014;
Turner et al., 2003), facilitating rapid detection and risk assess-
ments to support management actions (Reaser et al., 2007).
International networks and programs, such as the Global Biodi-
versity Information Facility (GBIF, 2024), have taken proactive
steps to consolidate and catalog species data for strengthened
accessibility. This data accessibility, although limited to certain
species, encourages the development of decision-support tech-
nology, such as remote sensing, which can be used to identify
invasive plant species threats and inform management action
(Alvarez & Solis, 2018).

Remote sensing can be used to map and monitor and thereby
assist in the management of invasive species (Bolch et al.,
2020; Bradley, 2014). Remote sensing facilitates mapping at
various spatial scales and can be more cost-effective compared
with traditional field-based mapping techniques (Niphadkar
& Nagendra, 2016). Medium- to very-high-resolution satellite
imagery is used to map weed species detected from above with
relatively high classification accuracies (Shendryk et al., 2020).
Additionally, Earth observation data sets provide capacity for
multitemporal classifications, further supporting management
actions by demonstrating changes in invasive species distribu-
tion over time (e.g., Arasumani et al., 2021; Shendryk et al.,
2020; West et al., 2017). Invasive species mapping requires
knowledge of the species’ ecology and biogeography, including
environmental factors in the landscape that may determine
presence and distribution (Parker et al., 2021), highlighting the
importance of building invasive species knowledge. Therefore,
mapping invasive plant species is a transdisciplinary approach
in which remotely sensed data and analytics are supported by
ecological knowledge of invasive species (Bolch et al., 2020;
He et al., 2011). For remote sensing technicians, this challenge
includes the need to balance cost-effectiveness of the mapping
activity with output accuracy and securing relevant data specific
to each invasive plant species for analysis. However, there are
many other challenges, which we considered, that eclipse these
considerations and impact the capacity to operationalize remote
sensing for mapping invasive plant species in the Pacific Islands
region.

The Pacific Islands region encompasses several archipelagoes
and vast stretches of ocean that cover one third of Earth’s sur-
face (Lenz et al., 2022; Nunn et al., 2016). We define this region
as a subregion of Oceania that excludes Australasia (Australia
and New Zealand) (Figure 1). This region is a global biodiversity

hotspot, and ecosystems have been resilient to natural distur-
bances and climate change over thousands of years (Keppel
et al., 2014). Invasive species are recognized as one of many
threats to Pacific resilience (SPREP, 2020a), and this is expected
to be exacerbated by large-scale disturbances. The number of
invasive vascular plant species far exceeds the number of native
and endemic species in the region, as has been seen in islands,
such as Moorea (Meyer et al., 2015; Seebens et al., 2017). From
a global context, the Pacific Islands region has had the steepest
cumulative increase of naturalized vascular plant species by area
(van Kleunen et al., 2015). These introductions are in part due
to European colonization, subsequent increased transport and
trade (Brock & Daehler, 2021; Seebens et al., 2017), and vulner-
able ecosystems that are missing functional groups (Denslow,
2008; Russell et al., 2017). These factors interact with the reality
that the successful establishment and spread of invasive plant
species results from the dynamic interaction among ecosystem
conditions, ecological properties, and population status of the
potential invader and anthropogenic disturbance (Meyer et al.,
2021).

Management is required to alleviate and mitigate the threats
invasive species pose in the Pacific (Keppel et al., 2014).
The Secretariat of the Pacific Regional Environment Program
(SPREP) State of Environment and Conservation in the Pacific Islands

report (SPREP, 2020a) identifies growing efforts targeted at
the availability and quality of data for baseline and monitoring.
However, prioritization of sites for invasive species manage-
ment in the Pacific Islands region remains a challenge due to
the vast ocean space and the financial and human resource
limitations of environmental agencies (SPREP, 2020a). Remote
sensing of invasive plant species provides numerous advantages
to a region where site access and logistics remain challenging.
Remote sensing data can be used in large-scale quantitative anal-
yses to assist adaptive management (Bolch et al., 2020), includ-
ing site prioritization, detection of emerging effects, and identi-
fication of key monitoring targets, which are linked to national
strategies and policies, such as the National Biodiversity Strategy
and Action Plans (NBSAP) (SPREP, 2009). We sought to criti-
cally assess the challenges to and opportunities for the uptake of
remote sensing to inform invasive species management across
the Pacific Islands region. First, we compiled an overview
of invasive plant species management in the Pacific Islands
region. Second, we reviewed available regional applications of
remote sensing for invasive plant species management. Third,
we critically examined existing capacity, including data manage-
ment, information and communication technology (ICT) and
infrastructure, and human resources and policy frameworks,
to identify region-specific factors that limit remote sensing
for invasive plant species management. Fourth, we identified
remote sensing methods used to map invasive plant species
globally. Finally, we devised recommendations to strengthen
invasive plant species management capacity that would support
remote sensing in the Pacific region. We argue that if provided
with much needed institutional support, financing, and technical
capacity, Pacific Island nations can use remote sensing to prior-
itize, design, implement, and monitor invasive plant species to
address biodiversity decline and ecosystem collapse.
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FIGURE 1 The Pacific Islands region (dark green) and surrounding areas across the Pacific Ocean and the United Nations-recognized region of Oceania.

LITERATURE SEARCH

We used Google Scholar, 3 regional virtual libraries (SPREP,
Pacific Community [SPC], and the University of the South
Pacific [USP]), and the Landcare Research and Pacific Geo-
graphic Information Systems (GIS)/RS Newsletter catalog.
Keywords were used in various combinations to identify rel-
evant literature on invasive plant species (invasive plant species,
invasive alien species, invasive species) and remote sensing (remote

sensing, satellite imagery, Earth observation, geospatial, GIS, mapping)
techniques (machine learning, classification, structure, texture) relevant
to invasive species management (management, mitigation, conser-

vation) globally and across the Pacific Islands region (Pacific,
South Pacific, Oceania). We searched for research articles, reports,
and reviews on the topic of using remote sensing to map
invasive plant species published from 2016 to 2022. The Land-
care Research and Pacific GIS/RS Newsletter catalogs were
searched manually, and additional literature and information
were searched using cross-references of selected articles and
reports. A total of 3651 results were obtained. We assessed
their appropriateness based on title, keywords, and abstract con-
tents. The papers that seemed most relevant to our aims (477
papers) were then read in full. We removed papers that were

not relevant, which left 116 papers in total. Among these, those
focusing on invasive plant species in the Pacific (42 papers) are
listed in Appendix S1.

INVASIVE SPECIES AND THEIR
MANAGEMENT IN THE PACIFIC REGION

Invasive species are the second most common threat associated
with species extinction worldwide (Bellard et al., 2016). From 2
invasive species assessments that have taken place in the Pacific
region, the current number of invasive species is expected to
exceed the number of native and endemic species. These find-
ings are in respect to land area (van Kleunen et al., 2015) and
in comparison to native flora (Meyer, 2014). Of these intro-
ductions across the region, relatively few have been studied or
recognized as a species of concern. At least 2834 known inva-
sive plant species across the Pacific Islands region are listed in
the Pacific Islands Pest List Database (SPC, 2023). To date, man-
agement actions are ongoing and focused on species that pose
economic, health, and environmental harm.

Invasive species that affect human livelihoods and health
negatively warrant greater concern and urgent management
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intervention (Dovey et al., 2004). Of at least 500 plant species
introductions in Samoa, high-risk plant invasive species include
African tulip (Spathodea campanulata), merremia vine (Decaloban-

thus peltatus), African rubber tree (Funtumia elastica), and mint
weed (Mesosphaerum pectinatum) (Government of Samoa, 2019).
Control and eradication programs have been undertaken for
these species with varying results at site or national level. For
example, merremia management has focused on site contain-
ment as biocontrol agents are being investigated for Pacific
Island countries where the vine is a management priority (Payn-
ter et al., 2006). This site containment management approach is
similar for taro vine (Epipremnum pinnatum) on Niue, where bio-
control agents are also being investigated (McGrannachan et al.,
2021). Other priority invasive plant species that have largely
been contained on Niue include Singapore daisy (Wedelia trilo-

bata) and Honolulu rose (Clerodendrum chinense) (Government of
Niue, 2012).

Despite the threat of invasive species to Pacific biodiver-
sity (SPREP, 2020a), the peer-reviewed literature on the region
from which policy makers and practitioners can draw is lim-
ited (Appendix S1). Instead, Pacific Island nations rely on
observations and expertise from local and regional researchers,
practitioners, community leaders, regional technical advice,
workshops, personal communication, and reports to prioritize
invasive species and management actions (Day & Winston,
2016). Prioritization made at the local level can entail a bias
favoring livelihood security over the protection and conser-
vation of native biodiversity (Brodie et al., 2013; Lenz et al.,
2022). Ensuring risk assessments are comprehensive and unbi-
ased would support more balanced management actions that
safeguard both livelihoods and native biodiversity.

The SPREP is a key regional player in providing techni-
cal advice and support for national practitioners and policy
makers for the management of invasive species (SPREP,
2000). Mandated by Pacific Island governments to promote
cooperation and provide technical assistance to strengthen
environmental conservation and management, SPREP sup-
ports regional partnerships, including the Pacific Invasive
Partnership (PIP), Pacific Invasives Learning Network (PILN),
and Pacific Regional Invasive Species Management Support
Services (PRISMSS). These partnerships facilitate access to
evidence-based science, assist with developing national strate-
gies, awareness programs, eradication and restoration projects,
and prioritize data accessibility. The endorsement of the Guide-

lines for Invasive Species Management in the Pacific by the member
countries of SPREP and SPC in 2009 (SPREP, 2009) ratified
regional recognition of the problem. Since then, 9 countries
have developed national invasive species strategy and action
plans (NISSAP) (SPREP, 2020a). Several regional frameworks
and policies focused on biodiversity conservation have also
been developed collaboratively and endorsed (Appendix S2)
(Jupiter, Mangubhai, et al., 2014). Such initiatives have furthered
peer-to-peer learning; coordination of successful biocontrol
programs, such as broomweed (Sida acuta) and mile-a-minute
(Mikania micrantha) in Fiji, Papua New Guinea, and Vanuatu
(Day & Winston, 2016; SPREP, 2020b); and the develop-
ment of regional resources that include the Pacific Islands Pest

List Database and the Pacific Biodiversity Information Facil-
ity (PBIF) (Lenz et al., 2022; SPREP, 2016, 2020a). Although
these instruments and initiatives reflect the region’s willingness
to engage actively with invasive species management, alone they
do not provide effective management.

The status of invasive species management in the Pacific
region has been reported as “poor to fair” (SPREP, 2020a). In
2020, 116 priority invasive plant species management programs
were reported, of which 8 resulted in eradication, and there were
67 instances of biocontrol being used (SPREP, 2020a). For bio-
control, these efforts have only slightly increased since 2016,
when 62 biocontrol agents were introduced to control 21 inva-
sive weeds, including mile-a-minute, giant sensitive tree (Mimosa

diplotricha), and lantana (Lantana camara), across 17 Pacific Island
countries (Day & Winston, 2016). Biocontrol was introduced
to Fiji, Vanuatu, and Papua New Guinea, and several weed
species were reported to be under control after intervention,
including the giant sensitive tree, broomweed, and arrowleaf
sida (Sida rhombifolia) (Day & Winston, 2016). Site prioritization,
particularly protected areas, for direct multiple invasive species
management is still poor (SPREP, 2020a). Although manage-
ment efforts focus solely on priority species, the risk of invasive
species introductions is still high across the region (see Turbelin
et al., 2017; van Kleunen et al., 2015) and occurring at under-
reported rates (see Laginhas et al., 2023). These continuous
introductions and expansions are in part driven by socioeco-
nomic activities (Brock & Daehler, 2021), of which tourism is a
large commodity in the Pacific (ADB, 2018). The Pacific Islands
region is projected to have a 21% relative increase in emerging
invasive species across taxonomic groups from 2005 to 2050
(Seebens et al., 2022).

The available body of published research on the Pacific
region suggests fragmented invasive species research, man-
agement, and governance, particularly around the monitoring
and evaluation of management activities. Recently, Lenz et al.
(2022) reiterated Meyer’s (2014) call to strengthen Pacific gover-
nance for invasive prevention and control. They suggest, at the
national level, management efforts be combined with planning
activities to attract support through legislation, funding, and
multisectoral integration. These activities should aim to sup-
port invasive species monitoring through increasing awareness,
deliver education, build capacity, strengthen governance, and
implement effective action and evaluation programs. We argue
that remote sensing, with the right support, is well placed to
assist with invasive plant species management (i.e., monitoring,
action, and evaluation) in the Pacific Islands region.

APPLICATION OF REMOTE SENSING TO
INVASIVE SPECIES MANAGEMENT IN
THE PACIFIC

The earliest documented use of GIS for invasive species in
the Pacific Islands region was in 1995 (Poidevin, 1995); how-
ever, recurring national interest to improve monitoring and
mapping efforts through GIS in NBSAP (Government of
Niue, 2012; Government of Solomon Islands, 2016) indicates

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14344 by Sam

oa H
IN

A
R

I R
E

G
IO

N
A

L
, W

iley O
nline L

ibrary on [22/08/2024]. 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



CONSERVATION BIOLOGY 5 of 19

stagnant development. From the available literature of invasive
plant species and related management in the Pacific Islands
region (Appendix S1), only 7 sources described the use of
remotely sensed data and geospatial tools, of which 4 utilized
remotely sensed data and 2 applied classification algorithms to
detect and map invasive plant species for management. This
indicates limited application of remote sensing and broader
geospatial technology for the management of invasive species in
the Pacific Islands region. We examined the 2 studies by Pouteau
et al. (2013) and Asia Air Survey (2014) that used remote sens-
ing to highlight current and common practices used to detect
and prioritize invasive species in the region.

Multisource remotely sensed imagery has been applied to
detect dominant invasive tree species on the island of Moorea
in French Polynesia. Pouteau et al. (2013) investigated landscape
fragmentation by classifying multisource remotely sensed data:
multispectral imagery (Quickbird-2 (0.60-m resolution)), syn-
thetic aperture radar (SAR) data (StripMap TerraSAR-X (2.75-m
resolution), JPL/AirSAR (5-m resolution)), and a digital eleva-
tion model (DEM), trained with field data. The classification
method, support vector machine (SVM) (definition in Appendix
S4), discriminated dominant plant classes that were spectrally
distinct; however, the authors did not report evaluation metrics.
The use of multisource images provided an advantage, over-
coming challenges, such as persistent cloud cover, heterogenous
terrain, and dense vegetation, that are usually associated with
tropical high volcanic islands (Meyer et al., 2015). The output
was used to assess landscape fragmentation where higher frag-
mentation occurred at lower elevations, and upland landscapes
were preserved. This result was one part of a 5-year research
program, the Moorea Biocode Project, which aimed to barcode
the entire marine and terrestrial biota and included identifying
the spatial distribution of native, naturalized, and invasive plant
species (Meyer et al., 2015).

The only other publication, to our knowledge, for which
remote sensing was used in the Pacific Islands region for
invasive species research was undertaken in O Le Pupu-Pue
National Park in Samoa (Asia Air Survey Co Ltd., 2014). A
machine learning classification, random forest (Appendix S4),
was used to map merremia. Training data, consisting of field
data and visually interpreted sample points, were used to clas-
sify high-resolution WorldView-2 multispectral imagery at a
reported accuracy of 90%. Although little spectral confusion
was observed between merremia and the 2 other classes (for-
est and nonforest), no further studies have been undertaken.
The results were utilized to develop site-specific recommen-
dations for ecological restoration based on the density of the
invasive weeds. Further work, such as community consultations
to design operational plans for the restoration of the national
park, have been undertaken (Atherton, 2015) that considered
the results of the 2014 study.

Geospatial analysis and comprehensive field surveys are far
more commonly used to determine the threat of invasive species
in the Pacific Islands region. Takeda (2010), Keppel et al. (2021),
and Lowry et al. (2020) investigated the composition of inva-
sive plant species and their distributive effects across Fiji. As
an area of conservation significance, the remaining natural areas

of the Sigatoka Sand Dunes were degrading at a much faster
rate due to vegetation changes caused by natural disturbances
(Takeda, 2010). Similar findings were discovered across the peri-
urban outskirts of Suva through a multivariable regression that
showed the abundance of invasive plant species is influenced
by the urban–rural sector (Lowry et al., 2020), and in Abaca
village, where invasive plant species are threatening endemic
species, such as Pterocymbium oceanicum, the abundance of these
species must be monitored to mitigate the development of
monospecific and characterless vegetation as endemic flora are
lost (Keppel et al., 2021). Other methods include recording field
occurrences of invasive plant species with GPS receivers to map
the extent of infestations (US Forest Service, 2020). Although
the application of remote sensing for the detection and moni-
toring of invasive species has been limited in the Pacific Islands
region, interest in utilizing the technology is evident from mid-
1990s, when the dominance of African tulip and common guava
(Psidium guajava) was delineated with Landsat satellite imagery in
Fiji (Poidevin, 1995).

CHALLENGES AND OPPORTUNITIES
FOR INVASIVE SPECIES MANAGEMENT
IN THE PACIFIC

The limited uptake of remote sensing for identifying and
mapping invasive plant species suggests existing challenges in
the Pacific. Challenges identified to strengthen collaboration
between remote sensing researchers and invasive species prac-
titioners to advance the detection and monitoring of invasive
species center on the existence of expertise (Parker et al., 2021).
The “great divide” between researcher and practitioner collabo-
ration may be a factor, but alone it does not adequately account
for the array of challenges facing the Pacific Islands region
(Brewington et al., 2023; Jupiter, Mangubhai, et al., 2014; Parker
et al., 2021). We considered the status of infrastructure, which
includes regional and national policy frameworks, data avail-
ability, technology (including ICT infrastructure), and human
capacity, that exists to support or challenge the uptake of remote
sensing for invasive species management.

Pacific Islands policy framework for invasive
species management

There are several policy frameworks related to biodiversity and
invasive species management (Appendix S3). We examined the
key international and regional frameworks and national policies
that could be further leveraged to support the use of remote
sensing to deliver evidence-based decision-making for invasive
species management.

Adopted in December 2022, the Kunming–Montreal Global
Biodiversity Framework builds on the Strategic Plan for Bio-
diversity 2011–2020 and integrates broad-based actions in line
with United Nations Sustainable Development Goals (CBD,
2022). The framework emphasizes action that is results ori-
ented, responsible, and transparent at the national level and
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guides implementation actions that would benefit NISSAP and
NBSAP. Recognizing the role of science and innovation in
implementation of actions, remote sensing is a suitable solution
to support achieving target 6 of the Kunming–Montreal Global
Biodiversity Framework (CBD, 2022, p.10), that is, identifying,
managing, and, where possible, preventing the introduction and
establishment of invasive species to safeguard biodiversity and
ecosystem services.

The Integrated Geospatial Information Framework pro-
vides a basis to create and implement an effective mechanism
to maximize geospatial information management and related
resources to solve societal and environmental problems at the
national level (UN-GGIM, 2023). Key to the framework is
multisectoral and multiministry access and collaboration to
bridge the geospatial digital divide and safeguard socioeconomic
prosperity (Bäckstrand, 2006).

Adopted in 2020 after extensive consultation across the
region, the Framework for Nature Conservation and Protected
Areas in the Pacific Islands Region provides guidance on the
region’s key priorities for biodiversity conservation and ecosys-
tem management (SPREP, 2021). These priorities are linked
to the Global Biodiversity Framework and sustainable devel-
opment goals to allow for successful implementation at the
country level. The framework recognizes invasive species as a
priority for action, emphasizing key challenges, such as the need
for effective knowledge and skill sharing across the region and
for best practices that involve local communities in the decision-
making process. The framework reinforces and emphasizes the
collaboration required among government, local communities,
development partners, and other key stakeholders.

The fragmentation of available information across the region
has led to various information silos affecting the quality
and effectiveness of evidence-based decision-making across
industries, including invasive species management. National
Geospatial Data policies aim to support and centralize the avail-
ability and quality of data to inform and safeguard national
socioeconomic resources, including the management of inva-
sive species (Groom et al., 2017). In 2020, Vanuatu was the
first country in the region to develop and endorse a National
Geospatial Data Policy (SPC, 2021), which sought to improve
centralization and coordination activities at the national level
(Willmer, 2021). Tonga and Fiji have made significant headway
toward incorporating the Integrated Geospatial Information
Framework in respective national plans (SPC, 2022).

The NISSAP adopts regional guidelines for invasive species
management to address invasive species at the national level.
The NISSAP, managed by national government environmental
departments, identifies priorities of invasive species issues, seeks
and supports cross-sectoral collaboration and coordination with
all stakeholders, and further identifies resources required for
implementation. Of the 9 NISSAP in the region (Appendix S3),
3 are current: Cook Islands, Samoa, and Tonga. Across these
strategies, there is no explicit focus on the utilization of remote
sensing for invasive species management nor does any such ini-
tiative exist. However, there is an emphasis on improving the
capture and management of geospatial data.

Implementation of activities

A common theme across international, regional, and national
frameworks and policies is the need for multisectoral collabora-
tion and the inclusion of local communities as stakeholders to
successfully implement activities. Regional and national efforts
in invasive species management are dominated by regional and
large international organizations (Keppel et al., 2012). However,
the absence of instruments to govern institutional arrangements
runs the risk of overlooking resources needed for local coop-
eration and management (Jupiter, Jenkins, et al., 2014; Worthy
& Race, 2023). Instead, resources are dedicated to creating
surface-level institutional arrangements focused on achieving
project-funded objectives, that is, creating short-term benefits
(Britton, 2000; Keppel et al., 2012). A key absence in these bio-
diversity and conservation frameworks is the prioritization of
research to develop monitoring tools, including remote sensing.

Access to data and technology

The capacity to respond to the threat of invasive species requires
timely access to high-quality data (Groom et al., 2017; Wallace
et al., 2016). Yet, access to data, data quality, and data sharing
are challenges that persist in the region (Steven et al., 2019).
Although there are numerous regional data systems available
(Appendix S2), PBIF is the only regional resource that stores
biodiversity data, including invasive species data.

In the case of satellite imagery, intermittent commercial high-
resolution multispectral satellite imagery from vendors, such
as MAXAR, has been purchased for areas of interest across
the Pacific Islands region (Appendix S2). However, the cost
to purchase temporal sequences, potentially prohibitive licens-
ing agreements, and ICT infrastructure required to access and
manage such large data sets are considerable restrictions for an
already resource-stretched Pacific region (Steven et al., 2019).
Where access to consistent cloud-free satellite imagery limits
usable optical imagery, SAR, known to penetrate clouds, has
been suggested as an alternative; however, investment and inter-
est in the region are unknown (SPC, 2019; Steven et al., 2019).
These challenges have led to investments in remotely piloted air-
craft systems (RPAS) in the region (e.g., Bonte-Grapentin et al.,
2017). Today cloud computing platforms, such as Google Earth
Engine (GEE), Microsoft Planetary Computer, and Amazon
Web Services’ dedicated cloud Earth observation, have been
favored to deliver large-scale remote sensing solutions (Amani
et al., 2020). These platforms reduce barriers to access remote
sensing infrastructure and are especially valuable for Pacific
Island countries where current ICT infrastructure is inadequate.
Regional leaders have emphasized the critical need for Pacific
ownership of an Earth observation initiative in the region
(GEO, 2019). To address this need, Digital Earth Pacific (DEP),
a regional Earth observation initiative, seeks to improve access
to remotely sensing solutions, including analysis-ready data, for
regional decision-makers (SPC, 2021). However, investment,
governance, and monitoring instruments are disproportionate
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across the region and can hinder the progress of such Pacific-led
initiatives (Brodie et al., 2013; SPC, 2019).

The technical infrastructure, human capacity, and funding
to support these related data systems at the national level
are inconsistent. Pacific Island nations face challenges related
to coordinating centralization and improvement of current
data management and related technical infrastructure. In larger
countries, such as Fiji, access to data and the infrastructure
for data sharing and distribution are key challenges (Pene,
2006). Because data and technology are fragmented across
organizations, effective distribution across public and private
organizations is further hindered by internal policies and pro-
cedures because centralized frameworks and policies for data
sharing are limited or nonexistent. Smaller countries, such as
Kiribati and Marshall Islands, face challenges related to ICT
infrastructure, including internet connectivity and prohibitive
costs to access tools and data sets online (SPC, 2019). Such
challenges can inhibit decision-making at the national level,
requiring unique technical skills to deliver solutions with limited
resources (Steven et al., 2019).

Technical capacity to support remote sensing
for invasive species management

Capacity development for biodiversity conservation, includ-
ing information collection, monitoring, and maintenance, has
been identified as a priority in NBSAP, such as Niue (Gov-
ernment of Niue, 2015) and Fiji (Government of Fiji, 2020).
However, developing remote sensing capacity is not explicitly
stated or supported. The low number of publications for which
remote sensing was applied to invasive species management
in the Pacific Islands region alludes to the limited availabil-
ity of regional expertise and resources dedicated to this field
(Appendix S1). Where project-funded remote sensing train-
ing opportunities are provided, activities have been limited to
key stakeholders, often government department representatives.
This can restrict capacity to interested and current practition-
ers in the invasive species field because emphasis is placed on
funder priorities rather than the benefit to practitioners and the
research community in general (Britton, 2000).

REMOTE SENSING METHODS APPLIED
TO INVASIVE SPECIES GLOBALLY

The application of remote sensing in invasion science has pro-
duced a variety of novel approaches that incorporate species
phenology (reoccurring seasonal biological events in plants,
such as flowering and leaf development), structural character-
istics (e.g., vertical structural measurements, including height,
foliage, and canopy cover), and textural information (i.e., dis-
tinguishable patterns among a group of image pixels that can
differentiate between vegetation classes) (Dronova et al., 2017;
Huang & Asner, 2009). These techniques have matured to focus
on identifying and incorporating plant traits, spatial patterns,

and spectral and spatial properties (Niphadkar & Nagendra,
2016).

To best utilize available remotely sensed imagery, a strong
understanding of the species ecology helps in designing species-
specific remote sensing approaches. Crucial to this design is
understanding the trade-offs that exist among the spatial, spec-
tral, and temporal resolution of remotely sensed data (Bolch
et al., 2020). Several types of considerations are required when
selecting remotely sensed data for the detection of invasive
plant species (Figure 2). The spatial resolution, the smallest
feature that can be detected from above, determines the over-
all mapping scale and extent. Landsat8 offers moderate spatial
resolution (30 m) that can detect invasive plant species at the
national and regional scale. Although the frequency of image
recapture for the same area (temporal resolution) may be high
for the Landsat constellation of sensors, plant invasions must
be contiguous and widespread for spectral and spatial detec-
tion (Bradley, 2014). The spectral resolution of imagery (i.e.,
width of bands recording information) determines the abil-
ity to detect spectral differences and therefore features across
the landscape (CRCSI, 2017). These differences are detected
using spectral-based classifications. From these trade-offs, it can
be inferred that high-spatial-resolution multispectral imagery
(<10 m) is ideal for detecting individual species and early infes-
tations. However, the temporal resolution and spatial coverage
of high-spatial-resolution data sets are limited. This is because
of budgets, technical capacity, infrastructure, and mapping scale
constraints.

Here, we examined 3 ecological characteristics that can be
seen from above—phenology, texture, and structure—and are
used to map invasive plant species (Figure 3). We also exam-
ined recent studies relevant to the detection of invasive species
applicable to the Pacific Islands region (Table 1). Relevant
classification algorithms and spectral indices are described in
Appendix S4.

Phenological-based detection

Plant phenology refers to specific life cycle events, such as
vegetation senescence, green-up, flowering, and fruit and seed
production (Dronova & Taddeo, 2022). These events are iden-
tified by spectral changes that occur within the visible and
near-infrared region of the electromagnetic spectrum in opti-
cal imagery (Weisberg et al., 2021). Spectral bands that are
sensitive to chlorophyll absorption, plant inflorescence, and
other plant phenological features are identified through spec-
tral indices (Marcinkowska-Ochtyra et al., 2018; Zeng et al.,
2022). Spectral indices combine 2 or more spectral bands to
highlight a measured reflectance or absorption feature, indicat-
ing specific features or processes and minimizing background
effects (Bolch et al., 2020; Montero et al., 2023) (examples in
Appendix S4). Through spectral indices, spectral changes of
the invasive plant species and surrounding plant communities’
phenology are detected effectively across temporal sequences
of remotely sensed imagery. These traits, when detected, are
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FIGURE 2 Trade-offs among the spatial, spectral, and temporal resolution of remotely sensed image data for invasive plant species detection. Figure redrawn
and adapted from Howey et al. (2020).

applied to appropriate classification techniques to map their
distribution (Bransky et al., 2021; Elkind et al., 2019; Labonté
et al., 2020). These studies are highlighted in Table 1. Cheatgrass
(Bromus tectorum) is a well-studied example of plant detection
through phenology across time and highlights the importance
of repeated data acquisition across seasons (Boyte, Wylie, Major,
et al., 2015; Bradley & Mustard, 2005; Bradley et al., 2018),
a critical consideration for mapping invasive species in the
Pacific region because these are costly to obtain. However,
public programs, such as NASA’s Landsat program, provide
temporally relevant data for detecting widespread invasions
and can, instead of high-resolution data, be optimized through
platforms, such as GEE, to reduce computation and related
technological infrastructure costs.

Texture-based detection

Image texture is another characteristic to exploit in the detec-
tion of invasive plant species. Texture features identify spatial
patterns and the relationships between neighboring image pix-
els (Löfstedt et al., 2019). These patterns include distinct color,

brightness, or elevation-derived slope, creating spatial clusters
across a landscape (Bradley, 2014; Chetty et al., 2021). Gray-level
co-occurring matrix (GLCM), or second-order texture parame-
ters, characterizes image texture by the frequency of occurrence
of pixels with specific values in a specific spatial relationship
(Löfstedt et al., 2019). The statistical measures extracted from
the matrix are used in classification applications (Brewer et al.,
2022; Lottering et al., 2019; Tsai & Chou, 2006). Textural fea-
tures can be integrated with spectral indices to improve overall
classification performances. Combined with spectral indices and
structural features derived from remotely sensed images, image
texture can simplify canopy structure (Brewer et al., 2022) and
reduce noise and background disturbances (Xu et al., 2022)
and thus produce high classification accuracies in discriminat-
ing invasive weeds (Deur et al., 2020; Mielczarek et al., 2023)
(Table 1). The SVM classifier has effectively detected target
invasive species across landscapes with nonuniform and non-
spectrally unique classes (Liang et al., 2020; Sabat-Tomala et al.,
2020). In contrast, random forest classification performs better
at differentiating species among homogenous classes (Koerner
et al., 2022). Such comparisons help optimize workflows for
discriminating invasive species across landscapes in the Pacific,
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12 of 19 Chan ET AL.

FIGURE 3 Workflow to map invasive plant species with remote sensing: step 1, determine species trait that can be mapped; step 2, collect data, which requires
an examination of existing remotely sensed data; step 3, analysis, in which data processing depends on type of classification method used; step 4, evaluation to
determine the accuracy of the mapping.

which are small and diverse. A challenge to consider for Pacific
implementation is the management of large volumes of data cre-
ated from texture parameters and the associated computation of
optimal feature selection. We therefore suggest that image tex-
ture parameters be incorporated where spectral information is
not sufficient and to improve classification accuracy.

Structure-based detection

Distinctive structural traits, including canopy cover, height, and
foliage, help separate a target species from the surrounding
landscape (Niphadkar & Nagendra, 2016). Structural traits of
invasive plants often dictate their spatial grouping, growing
either as independent units or aggregated patches. Elevation
and lidar (light detection and ranging) point cloud data have
been combined with spectral data to leverage the structural
characteristics of invasive grasses and shrubs (Chance et al.,
2016; Marcinkowska-Ochtyra et al., 2018), understory vegeta-
tion (Singh et al., 2015), and forest stands (Asner et al., 2008;
Dash et al., 2019; Mielczarek et al., 2023). Structural characteris-
tics focused on elevation and canopy height cannot differentiate
the target species alone and perform best when combined with
spectral and textural information where available. The increased
adoption of RPAS in Pacific Island countries, such as American
Samoa (Goldfarb, 2019), can be explored to derive structural
information, such as elevation (Hauglin & Ørka, 2016) and

canopy height (Abeysinghe et al., 2019; Dash et al., 2019), for
mapping of invasive plant species (Table 1). Another alterna-
tive way to identify vegetation structure is the use of SAR data
because optical disturbances, such as cloud cover and shadows,
are not captured. Detected information of surface targets, such
as shape, moisture, and roughness, is captured by SAR and use-
ful for discriminating vegetation composition (Chen et al., 2010;
Ghulam et al., 2014). The application of SAR in the Pacific is
currently unknown (Steven et al., 2019). However, the persis-
tence of coverage and terrain challenges that limit RPAS capture
and resource constraints associated with acquiring lidar mean
there exists an opportunity to exploit SAR as a structural param-
eter data set for mapping invasive species at larger spatial scales.
The studies in Table 1 identify synergistic approaches that use
structural information with multiple sensor image data to detect
invasive plants.

REMOTE SENSING OF INVASIVE PLANT
SPECIES IN THE PACIFIC ISLANDS

Remote sensing provides the potential to map and monitor
plant invasions across landscapes over time. The current global
body of literature demonstrates the vast application of data
sets and methods used to detect and map invasive species
relying on distinct characteristics that include phenology, struc-
ture, and texture. These characteristics highlight the opportunity
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CONSERVATION BIOLOGY 13 of 19

to optimize invasive species management by strengthening
collaboration between remote sensing researchers and inva-
sive species practitioners. Where resources to acquire remotely
sensed imagery may be limited, public programs (Table 1) that
offer historical image archives, such as the Landsat and Sen-
tinel constellation and RPAS, which are widely available across
the region, have been successfully utilized. The application of
remote sensing to inform invasive plant species management
should be fit for purpose (Figure 3), and its usefulness depends
on the invasive plant species and its distinct characteristics,
the extent of the invasion, and the type of remotely sensed
imagery available, particularly the spatial, spectral, and temporal
resolution.

There has been steady growth and demand for remote sens-
ing science in the Pacific. Although geospatial developments
started in the early 1990s in Fiji (Davis, 1993), concerted efforts
to develop remote sensing capacity began with the formaliza-
tion of the Geospatial Degree Program in 2015 by the region’s
university, USP. Although global platforms, such as GEE, have
become accessible for large-scale analyses, DEP and other
regional initiatives, such as the Pacific Data Hub and PBIF,
should be leveraged to strengthen local buy-in and collabo-
ration and to improve access and the use of remote sensing,
Earth observation, and geospatial data across the wider Pacific.
However, most project-driven initiatives are time limited; there-
fore, the lifespan of these initiatives depends on the interests
and priorities of funding agencies (Jupiter, Mangubhai, et al.,
2014; Lenz et al., 2022). Additionally, systems to support and
operationalize remote sensing to inform decision-making across
the region are fragmented. Existing regional and national poli-
cies to support geospatial data management and remote sensing
activities are not linked. Long-term investment and interest in
maintaining and developing remote sensing technical infrastruc-
ture, scientific research programs, and expert regional capacity
across national agencies to support and sustain remote sensing
across the wider Pacific are disparate.

The available literature demonstrates a variety of methods
and remotely sensed data that can be adapted, and fit for
purpose, to implement in the Pacific Islands region, where
invasions are widespread and require monitoring. Because
regional invasive species activities are attracting donor fund-
ing and management attention, there exists an opportunity
for remote sensing scientists and invasive species practitioners
to collaborate. However, this will not be without its chal-
lenges, including organizational silos, which impede data sharing
and management, limit expert capacity, and withhold technical
infrastructure. For remote sensing to be operational, regional
collaboration; dedicated funding; commitment to strengthen
policies, frameworks, technology, and infrastructure; and devel-
opment and retention of expert capacity are required (Figure 4).
Our recommendations (below) are provided to support these 5
priority areas.

RECOMMENDATIONS

Integration of national policy frameworks

Vertical and horizontal integration of national policy frame-
works must be prioritized to strengthen support for existing
national systems. To support this integration, we suggest
SPREP, as the lead regional environmental agency for invasive
species management, conduct a regional gap analysis to assess
the depth and breadth of each Pacific Island country’s relevant
legislation, plans, and policies that support the broad field of
biodiversity and conservation. Where gaps exist, pathways to
better integrate vertically and horizontally and strengthen exist-
ing policy frameworks should be identified. Vertical integration
is the consistent alignment of nationally relevant legislation,
plans, and policies with relevant international and regional pol-
icy frameworks, and horizontal integration aims to improve
consistency of legislative instruments, plans, and policies across
national-level departments (Farrelly et al., 2021). These integra-
tions improve coherence and coordination in implementation,
thus increasing the potential to meet national targets (Farrelly
et al., 2021). The gap analysis should make note of applicable
global and regional policy frameworks and guiding documents
that seek to improve invasive species management, including
the Guiding Framework for Invasive Species Management in the Pacific,
the Global Strategy on Invasive Alien Species, and those listed in
Appendix S3.

Inclusion of relevant geospatial
decision-support technology for long-term
monitoring

A crucial consideration for the gap analysis is the ability of
legislation, plans, and policies to support the long-term mon-
itoring of invasive species by including relevant technologies,
data, and systems. Geospatial and remote sensing data and
methods, including DEP and PBIF and other regional tech-
nologies, should be explicitly included and supported in relevant
local, national, and regional strategies and action plans, including
the NISSAP and NBSAP. We suggest strategically linking these
decision-making tools to compliance mechanisms and regional
indicators (e.g., site prioritization, biocontrol success) and incen-
tives (e.g., results-based payments and payments for ecosystem
services) (SPREP, 2022). This would improve data availability
and access, inform national and regional targets, including the
State of Environment and Conservation in the Pacific Islands report,
and strengthen technical infrastructure to sustain technologies,
including remote sensing, that support decision-making. This
integration should be championed through regional networks,
such as PILN and PIP, and regional agencies, such as SPREP
and SPC.
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14 of 19 Chan ET AL.

FIGURE 4 Actions and tools required to support remote sensing for invasive species management in the Pacific Islands region and facilitate an environment in
which to implement remote sensing for research and as a source of information for decision-making at various levels (PBIF, Pacific Biodiversity Information
Facility; DEP, Digital Earth Pacific).

Design of competency-based pathways to
address gaps in technical expertise

To address gaps in technical expertise specific to each country,
we recommend identifying regional practitioners, community
leaders, technical advisers, researchers, and interested stake-
holders across the region. This should include identification of
experts in disciplines as diverse as information management,
agriculture, biosecurity, remote sensing, Earth observation, nat-
ural resource management, and communications. This review
could be conducted by PILN in collaboration with regional
agencies, such as SPREP and SPC, and supported by funding
from existing initiatives, such as PRISMSS.

The findings will help key stakeholders (e.g., tertiary edu-
cation providers, e.g., USP), regional technical agencies (e.g.,
SPREP and SPC), regional partner organizations, and relevant
technical advisers design national and regional competency-
based pathways to address national- and regional-level gaps in
expertise. Competency-based pathways should be technically

diverse and include short courses and degree programs and,
where appropriate, incorporate regional initiatives, such as DEP
and PBIF, and regional networks (i.e., PILN and PIP).

Regional prioritization of Earth observation
data

Invasive species and wide biodiversity decision-support through
Earth observation to Pacific Island countries must be regional
priorities supported by SPREP and SPC. To facilitate these
decision-making services, long-term funding to support infras-
tructure and programs, such as DEP, must be secured.
Furthermore, regional participation in global networks, particu-
larly the Group on Earth Observation Biodiversity Observation
Network, would ensure global Earth observation data, tech-
nology, and infrastructure to deliver information to users are
accessible and usable by even the Pacific Island countries with
the least resources.
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Regional research and expertise through
partnerships

Research partnerships may also help increase Pacific-led
research and build research capacity. Existing efforts include
partnerships supported by SPREP and USP to expose early
career conservation scientists to regional research. By part-
nering with the University of Newcastle (Australia) and New
Zealand’s Ministry of Foreign Affairs and Trade, for example,
SPREP has secured several higher degree research scholar-
ships in invasion science for Pacific Island students (University
of Newcastle, 2019). C.C. is the recipient of such a scholar-
ship. Pacific Island student engagement in regional conservation
research is a successful model for meeting research and data
needs and enhancing the capacity of the region.

Data accessibility and management

Regional agencies, such as SPREP and SPC, are well posi-
tioned to support the collection and management of baseline
information. Awareness education programs and engagement
to share and maintain data, including species assessments, satel-
lite imagery, and geospatial data, must reach a wider audience
across multiple disciplines. This can be done through free and
accessible courses, designed and conducted by SPREP and SPC,
that link data accessibility and management to regional cen-
tralized data repositories, such as SPC’s Pacific Data Hub and
SPREP’s INFORM portal. Targeted audiences should include
regional networks involving conservation practitioners, such as
PILN and PIP, and the wider geospatial community through the
Pacific GIS and RS Council. Australia’s Terrestrial Ecosystem
Research Network offers a successful framework that can be
adapted and transferred to the Pacific.

Access to peer-reviewed research and the latest
science

To support peer-to-peer learning and knowledge curation,
improving access to Pacific-led peer-reviewed research at the
regional level is recommended. Access to resources, including
the latest science, translations, and communication and publica-
tion support, could be facilitated at the regional level through
the digital library services of SPREP and SPC and promoted
through existing networks (e.g., PILN and PIP). Emphasis must
be placed on publishing resources, including open-source data
and open-access publications.

Partnerships for establishing monitoring
instruments

Long-term monitoring tools are critical for invasive species
management (Pacific Invasives Initiative, 2010). An inde-
pendent regional review that evaluates current monitoring
instruments and the status and type of biodiversity indicators

that inform the regional and national state of environment
reports should be conducted. In particular, the review should
focus on available data, data usage, gaps, and accessibility,
including the use of citizen science and traditional ecological
knowledge.

Based on our review, relevant monitoring tools to improve
baseline and long-term monitoring data must be identified and
collaboratively developed. This collaboration should be facil-
itated at the regional level, through PIP, SPREP, and SPC.
Ideally, stakeholders would be members of local communities,
national government agencies, domain experts, researchers, and
regional and international organization representatives. With
clearer objectives and effective instruments for monitoring and
evaluation, countries will be better informed of best practice
activities to manage invasive species and mitigate future threats.

CONCLUSION

Invasion science and management at the regional and national
levels are largely underfunded and underresearched in the
Pacific Islands region. Conceptually, the application of remote
sensing to inform invasive species management across Pacific
countries should be well studied. However, persistent chal-
lenges are making it difficult to integrate remote sensing for
decision-making. These include the absence of any require-
ment to use remote sensing and geospatial data to support
invasive species management in various national policies and
strategies, disparate resourcing and technological infrastructure
across the region, including internet accessibility and computing
resources, and an absence of expert capacity in remote sens-
ing, invasion science, and other related disciplines (e.g., ICT,
communication and engagement, and management). We hope
funders and regional actors will consider our recommenda-
tions. These include strengthening relevant local and regional
policies, frameworks, and partnerships to improve monitoring
and management, enhancing local and regional expert capac-
ity and resources, and improving access to the latest scientific
information and tools to better safeguard national and regional
biodiversity.
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J.-M., Bradshaw, C. J. A., & Courchamp, F. (2021). High and rising economic
costs of biological invasions worldwide. Nature, 592(7855), 571–576.

Domingo, D., Pérez-Rodríguez, F., Gómez-García, E., & Rodríguez-Puerta, F.
(2023). Assessing the efficacy of phenological spectral differences to detect
invasive alien Acacia dealbata using Sentinel-2 data in Southern Europe. Remote

Sensing, 15(3), Article 722.
Dovey, L., Orapa, W., Randall, S., Cullen, J. M., Briese, D. T., Kriticos, D. J.,

Lonsdale, W. M., Morin, L., & Scott, J. K. (2004). The need to build biological
control capacity in the Pacific. In J. M. Cullen, D. T. Briese, D. J. Kriticos, W.
M. Lonsdale, L. Morin, & J. K. Scott (Eds.), Proceedings of the XI International

Symposium on Biological Control of Weeds (pp. 36–41). CSIRO Entomology.
Dronova, I., Spotswood, E. N., & Suding, K. N. (2017). Opportunities and con-

straints in characterizing landscape distribution of an invasive grass from
very high resolution multi-spectral imagery. Frontiers in Plant Science, 8, Article
890. https://doi.org/10.3389/fpls.2017.00890

Dronova, I., & Taddeo, S. (2022). Remote sensing of phenology: Towards the
comprehensive indicators of plant community dynamics from species to
regional scales. Journal of Ecology, 110(7), 1460–1484.

Elkind, K., Sankey, T. T., Munson, S. M., & Aslan, C. E. (2019). Invasive buffel-
grass detection using high-resolution satellite and UAV imagery on Google
Earth Engine. Remote Sensing in Ecology and Conservation, 5(4), 318–331.

Fantle-Lepczyk, J. E., Haubrock, P. J., Kramer, A. M., Cuthbert, R. N., Turbelin,
A. J., Crystal-Ornelas, R., Diagne, C., & Courchamp, F. (2022). Eco-
nomic costs of biological invasions in the United States. Science of The Total

Environment, 806(3), Article 151318.
Farrelly, T. A., Borrelle, S. B., & Fuller, S. (2021). The strengths and weaknesses

of Pacific Islands plastic pollution policy frameworks. Sustainability, 13(3),
Article 1252.

Global Biodiversity Information Facility (GBIF). (2024). Global Core Biodata

Resource. https://www.gbif.org/
Group on Earth Observations (GEO). (2019). Earth observation cooperation in the

Pacific: Talanoa outcome statement. https://earthobservations.org/documents/
geo16/cooperation_in_the_pacific_talanoa_outcome_statement.pdf

Ghulam, A., Porton, I., & Freeman, K. (2014). Detecting subcanopy invasive
plant species in tropical rainforest by integrating optical and microwave
(InSAR/PolInSAR) remote sensing data, and a decision tree algorithm.
ISPRS Journal of Photogrammetry and Remote Sensing, 88, 174–192.

Goldfarb, L. (2019). UAVs and trees: How American Samoa is using drones

to track invasive species and monitor forest health. Western Forestry Leader-
ship Coalition. https://www.thewflc.org/news/blog/uavs-and-trees-how-
american-samoa-using-drones-track-invasive-species-and-monitor-forest

Government of Fiji. (2020). National Biodiversity Strategy and Action Plan for Fiji

2020–2025. Department of Environment. https://www.mowe.gov.fj/wp-
content/uploads/2020/06/National-Biodiversity-Strategy-Action-
Plan.pdf

Government of Niue. (2012). Niue’s National Invasive Species Strategy and Action Plan

2013–2020. https://faolex.fao.org/docs/pdf/niu176159.pdf
Government of Niue. (2015). Niue National Biodiversity Strategy and Action

Plan. Bateson Publishing Limited. https://www.cbd.int/doc/world/nu/nu-
nbsap-v2-en.pdf

Government of Samoa. (2019). Samoa National Invasive Species Strategy

and Action Plan (NISSAP): 2019–2024. Ministry of Natural Resources
and Environment. https://www.sprep.org/attachments/VirLib/Regional/
nissap-samoa-2019-2024.pdf

Government of Solomon Islands. (2016). The National Biodiversity Strategic Action

Plan. https://www.cbd.int/doc/world/sb/sb-nbsap-v2-en.pdf
Groom, Q., Adriaens, T., Desmet, P., Simpson, A., De Wever, A., Bazos, I.,

Cardoso, A., Charles, L., Christopoulou, A., Gazda, A., Helmisaari, H.,
Hobern, D., Josefsson, M., Lucy, F., Dragana, M., Oszako, T., Pergl, J.,
Petrović-Obradović, O., Prévot, C., & Vanderhoeven, S. (2017). Seven rec-
ommendations to make your invasive alien species data more useful. Frontiers

in Applied Mathematics and Statistics, 3, Article 13. https://doi.org/10.3389/
fams.2017.00013

Hanley, N., & Roberts, M. (2019). The economic benefits of invasive species
management. People and Nature, 1(2), 124–137.

Hauglin, M., & Ørka, H. O. (2016). Discriminating between Native Norway
Spruce and Invasive Sitka Spruce—A comparison of multitemporal Land-
sat 8 imagery, aerial images and airborne laser scanner data. Remote Sensing,
8(5), Article 363.

He, K. S., Rocchini, D., Neteler, M., & Nagendra, H. (2011). Benefits of hyper-
spectral remote sensing for tracking plant invasions. Diversity and Distributions,
17(3), 381–392.

Howey, M., Sullivan, F., Brouwer Burg, M., & Palace, M. (2020). Remotely
sensed big data and iterative approaches to cultural feature detection and
past landscape process analysis. Journal of Field Archaeology, 45, S27–S38.
https://doi.org/10.1080/00934690.2020.1713435

Huang, C.-y., & Asner, G. P. (2009). Applications of remote sensing to alien
invasive plant studies. Sensors, 9(6), 4869–4889.

International Union for Conservation of Nature (IUCN). (2000). IUCN guide-

lines for the prevention of biodiversity loss caused by alien invasive species. https://
portals.iucn.org/library/node/12413

Jupiter, S. D., Jenkins, A. P., Long, W., Maxwell, S. L., Carruthers, T. J. B., Hodge,
K. B., Tamelander, J., Govan, H., & Watson, J. E. M. (2014). Principles
for integrated island management in the tropical Pacific. Pacific Conservation

Biology, 20(2), 193–205.
Jupiter, S. D., Mangubhai, S., & Kingsford, R. (2014). Conservation of biodiver-

sity in the Pacific Islands of Oceania: Challenges and opportunities. Pacific

Conservation Biology, 20(2), 206–220.
Kattenborn, T., Lopatin, J., Förster, M., Braun, A. C., & Fassnacht, F. E.

(2019). UAV data as alternative to field sampling to map woody invasive
species based on combined Sentinel-1 and Sentinel-2 data. Remote Sensing of

Environment, 227, 61–73.
Kearney, S. G., Carwardine, J., Reside, A. E., Fisher, D. O., Maron, M., Doherty,

T. S., Legge, S., Silcock, J., Woinarski, J. C. Z., Garnett, S. T., Wintle, B. A.,
& Watson, J. E. M. (2019). The threats to Australia’s imperilled species and
implications for a national conservation response. Pacific Conservation Biology,
25(3), 231–244.

Keppel, G., Morrison, C., Meyer, J.-Y., & Boehmer, H. J. (2014). Isolated and
vulnerable: The history and future of Pacific Island terrestrial biodiversity.
Pacific Conservation Biology, 20(2), 136–145.

Keppel, G., Morrison, C., Watling, D., Tuiwawa, M., & Rounds, I. (2012). Con-
servation in tropical Pacific Island countries: Why most current approaches
are failing. Conservation Letters, 5(4), 256–265.

Keppel, G., Peters, S., Taoi, J., Raituku, N., & Thomas-Moko, N. (2021). The
threat by the invasive African tulip tree, Spathodea campanulata P.Beauv., for the
critically endangered Fijian tree, Pterocymbium oceanicum A.C.Sm.; revisiting an
assessment based on expert knowledge after extensive field surveys. Pacific

Conservation Biology, 28(2), 164–173.
Koerner, L. M., Chadwick, M. A., & Tebbs, E. J. (2022). Mapping invasive

strawberry guava (Psidium cattleianum) in tropical forests of Mauritius with
Sentinel-2 and machine learning. International Journal of Remote Sensing, 43(3),
841–872.

Laba, M., Blair, B., Downs, R., Monger, B., Philpot, W., Smith, S., Sullivan, P.,
& Baveye, P. C. (2010). Use of textural measurements to map invasive wet-
land plants in the Hudson River National Estuarine Research Reserve with
IKONOS satellite imagery. Remote Sensing of Environment, 114(4), 876–886.

Labonté, J., Drolet, G., Sylvain, J.-D., Thiffault, N., Hébert, F., & Girard, F.
(2020). Phenology-based mapping of an alien invasive species using time
series of multispectral satellite data: A case-study with glossy buckthorn in
Québec, Canada. Remote Sensing, 12(6), Article 922.

Laginhas, B. B., Fertakos, M. E., & Bradley, B. A. (2023). We don’t know
what we’re missing: Evidence of a vastly undersampled invasive plant pool.
Ecological Applications, 33(2), Article e2776.

Lake, T. A., Briscoe Runquist, R. D., & Moeller, D. A. (2022). Deep learning
detects invasive plant species across complex landscapes using Worldview-2
and Planetscope satellite imagery. Remote Sensing in Ecology and Conservation,
8(6), 875–899.

Lenz, M. I., Galvin, S., Keppel, G., Gopaul, S., Kowasch, M., Dyer, M. J.,
Watling, D., Lodhar, S. Y. F., Hanson, G. C., Erasmi, S., & Boehmer, H. J.
(2022). Where to invade next: Inaction on biological invasions threatens sus-
tainability in a small island developing state of the tropical South Pacific. In

 15231739, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/cobi.14344 by Sam

oa H
IN

A
R

I R
E

G
IO

N
A

L
, W

iley O
nline L

ibrary on [22/08/2024]. 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/10.3390/rs12233926
https://doi.org/10.3390/rs12233926
https://doi.org/10.3389/fpls.2017.00890
https://www.gbif.org/
https://earthobservations.org/documents/geo16/cooperation_in_the_pacific_talanoa_outcome_statement.pdf
https://earthobservations.org/documents/geo16/cooperation_in_the_pacific_talanoa_outcome_statement.pdf
https://www.thewflc.org/news/blog/uavs-and-trees-how-american-samoa-using-drones-track-invasive-species-and-monitor-forest
https://www.thewflc.org/news/blog/uavs-and-trees-how-american-samoa-using-drones-track-invasive-species-and-monitor-forest
https://www.mowe.gov.fj/wp-content/uploads/2020/06/National-Biodiversity-Strategy-Action-Plan.pdf
https://www.mowe.gov.fj/wp-content/uploads/2020/06/National-Biodiversity-Strategy-Action-Plan.pdf
https://www.mowe.gov.fj/wp-content/uploads/2020/06/National-Biodiversity-Strategy-Action-Plan.pdf
https://faolex.fao.org/docs/pdf/niu176159.pdf
https://www.cbd.int/doc/world/nu/nu-nbsap-v2-en.pdf
https://www.cbd.int/doc/world/nu/nu-nbsap-v2-en.pdf
https://www.sprep.org/attachments/VirLib/Regional/nissap-samoa-2019-2024.pdf
https://www.sprep.org/attachments/VirLib/Regional/nissap-samoa-2019-2024.pdf
https://www.cbd.int/doc/world/sb/sb-nbsap-v2-en.pdf
https://doi.org/10.3389/fams.2017.00013
https://doi.org/10.3389/fams.2017.00013
https://doi.org/10.1080/00934690.2020.1713435
https://portals.iucn.org/library/node/12413
https://portals.iucn.org/library/node/12413


18 of 19 Chan ET AL.

P. S. Low (Ed.), Sustainable development: Asia-Pacific perspectives (pp. 393–406).
Cambridge University Press. https://doi.org/10.1017/9780511977961.035

Liang, W., Abidi, M., Carrasco, L., McNelis, J., Tran, L., Li, Y., & Grant, J. (2020).
Mapping vegetation at species level with high-resolution multispectral and
lidar data over a large spatial area: A case study with Kudzu. Remote Sensing,
12(4), Article 609.

Löfstedt, T., Brynolfsson, P., Asklund, T., Nyholm, T., & Garpebring, A. (2019).
Gray-level invariant Haralick texture features. PLoS ONE, 14(2), Article
e0212110.

Lopatin, J., Dolos, K., Kattenborn, T., & Fassnacht, F. E. (2019). How canopy
shadow affects invasive plant species classification in high spatial resolution
remote sensing. Remote Sensing in Ecology and Conservation, 5(4), 302–317.

Lottering, R., Mutanga, O., Peerbhay, K., & Ismail, R. (2019). Detecting
and mapping Gonipterus scutellatus induced vegetation defoliation using
WorldView-2 pan-sharpened image texture combinations and an artificial
neural network. Journal of Applied Remote Sensing, 13(1), Article 014513.

Lottering, R. T., Govender, M., Peerbhay, K., & Lottering, S. (2020). Comparing
partial least squares (PLS) discriminant analysis and sparse PLS discriminant
analysis in detecting and mapping Solanum mauritianum in commercial forest
plantations using image texture. ISPRS Journal of Photogrammetry and Remote

Sensing, 159, 271–280.
Lowry, B. J., Lowry, J. H., Jarvis, K. J., Keppel, G., Thaman, R. R., & Boehmer,

H. J. (2020). Spatial patterns of presence, abundance, and richness of invasive
woody plants in relation to urbanization in a tropical island setting. Urban

Forestry & Urban Greening, 48, Article 126516.
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