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Abstract

The Asia region harbors exceptional chondrichthyan (shark, ray, and chimaera) diversity
but faces intense fishing pressure. The Important Shark and Ray Area (ISRA) process
provides a collaborative, evidence-based framework to identify critical habitats and inform
spatial management. We assessed ISRAs across the Bay of Bengal, Southeast Asia, and
the Northwest Pacific to characterize their extent, ecological significance, and conserva-
tion relevance. We delineated 122 ISRAs spanning~1 million km? (~3% of the region)
across 12 jurisdictions and international waters, encompassing habitats for 121 species
(~30% of Asia’s chondrichthyans), 76% of which are threatened. Depleted taxa (e.g., giant
guitarfishes, Glaucostegidae) were represented, but charismatic megafauna (e.g., Whale
Shark Rhincodon typus) were overrepresented. In contrast, deepwater and freshwater spe-
cies were underrepresented. Reproductive Areas were the most common ISRA sub-crite-
rion applied (52% of ISRAs), largely in nearshore zones, while areas for range-restricted
species were less frequently (18%) identified. Twelve ISRAs overlapped with biodiversity
hotspots, including seven in areas of high overall chondrichthyan species richness and five
in areas of high range-restricted species richness. Citizen science was the predominant
research method used to delineate ISRAs, while fisheries data were underused despite the
region’s major fisheries footprint. Geographic coverage was uneven: Indonesia held the
most ISRAs (n=40; 71.7% of ISRA coverage) while eight jurisdictions (e.g., Viet Nam,
China, Republic of Korea) lacked ISRAs due to data gaps. Protection shortfalls are stark:
MPAs cover<5% of national waters in 16 jurisdictions (eight with<1%); 5.4% of ISRA
area lies within MPAs; and only 2.8% of ISRA spatial extent overlaps with no-take zones.
These results provide a regional foundation to guide spatial planning, prioritize manage-
ment, close data gaps, and support recovery of Asia’s diverse and imperiled chondrich-
thyan assemblages.

Keywords Citizen science - Chondrichthyans - Conservation - Diversity hotspots -
Marine protected areas - Spatial planning

Introduction

Marine biodiversity is declining at an unprecedented rate, threatening ecosystems and the
vital services they provide (IPBES 2024). Among the main drivers of this decline are overex-
ploitation (particularly from fisheries), habitat degradation, and climate change (e.g.0O’Hara
et al. 2021; Nikolaou & Katsanevakis 2023). To prevent species extinctions and safeguard
ecosystems, urgent action is needed, particularly through the establishment of protected
areas and sustainable management measures (Langhammer et al. 2024). Recent progress
in marine conservation includes species recovery, habitat protection, and improved fisher-
ies management (Knowlton 2021), although significant challenges remain due to growing
demands on ocean resources, pollution, and climate change (Vargas-Fonseca et al. 2024).
The Kunming-Montreal Global Biodiversity Framework (KMGBF), adopted under the
Convention on Biological Diversity (CBD), commits governments to conserving 30% of
Earth’s land and seas by 2030 (Target 3; CBD 2022). For marine and coastal areas, this
will be primarily achieved through the establishment and effective governance of Marine
Protected Areas (MPAs) and Other Effective Area—based Conservation Measures (OECMs).
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The Asia region is defined here as encompassing jurisdictions from the east coast of India
to the Russian Federation and waters from the Bay of Bengal to the Sea of Okhotsk (hereaf-
ter referred to as ‘Asia’). Most of this region stands as the global epicenter of marine biodi-
versity (Hoeksema 2007; Sanciangco et al. 2013) including the northwest Pacific as a major
hotspot of chondrichthyan species richness (Lucifora et al. 2011; Stein et al. 2018; Dulvy et
al. 2021). Asia also supports the highest global richness of chondrichthyans, with 399 spe-
cies (~33% of all known sharks, rays, and chimaeras) (IUCN SSC SSG 2023a; Weigmann
et al. 2024), including at least ten species occurring in freshwater habitats (Grant et al. 2019;
Mather et al. 2023) and high levels of endemism in northeastern Asia (Stein et al. 2018).
Yet this exceptional diversity is under acute pressure: 49% of Asia’s chondrichthyans are
threatened with extinction (sharks, 43%; rays, 59%) (IUCN SSC SSG 2023a), with ongoing
population declines driven primarily by overexploitation (Clark-Shen et al. 2023). Alarm-
ingly, the region has already recorded the first documented modern extinction of a marine
fish species, the Java Stingaree (Urolophus javanicus), while the Lost Shark (Carcharhinus
obsoletus) is considered Critically Endangered — Possibly Extinct (Dulvy et al. 2020; Con-
stance et al. 2023). These stark realities, combined with dense human populations that rely
heavily on aquatic resources for food, livelihoods, and trade (Pomeroy 2007; Brewer et al.
2013; Cinner et al. 2013; FAO and INFOFISH 2022; FAO 2024a, 2024b), highlight both the
urgency and the opportunity to implement effective, regionally tailored conservation mea-
sures. To safeguard Asia’s aquatic biodiversity, fisheries sustainability, and the well-being
of coastal communities, as agreed under the KMGBF, immediate action is needed, making
the identification of critical habitat a particularly high-impact opportunity in this region.

Four Asian nations, led by Indonesia, account for most of the global reported landings of
chondrichthyans (Dent and Clarke 2015; Prasetyo et al. 2021; Worm et al. 2024) and domi-
nate international trade in shark and ray products (Niedermiiller et al. 2021; Clark-Shen et
al. 2023; Palacios et al. 2024). Declines in reported catches and landings (Blaber et al. 2009;
Arunrugstichai et al. 2018), together with shifting exploitation patterns (Bonfil 2002; Clark-
Shen et al. 2025), suggest widespread stock depletion. Asia’s exceptional chondrichthyan
diversity, high endemism, and the contrasting ecological and threat profiles among species,
such as differences in life history traits, habitat use, or exposure to fisheries, challenges
conservation across this region (Salayo et al. 2008; Weigmann et al. 2024). A combination
of spatial, temporal, behavioral, and species-specific measures — including protected areas,
fisheries management (i.e., input and output controls), sustainable tourism, trade regula-
tions, enforcement, and community engagement — are essential to stop ongoing population
declines (Dulvy et al. 2017; Friedman et al. 2018; Albano et al. 2021; Booth et al. 2021).

Central to these efforts is the identification and protection of critical habitats that under-
pin chondrichthyan survival and recovery (Hyde et al. 2022). Such habitats support feeding,
reproduction, resting, and movement, and are vital for the persistence of threatened species
(Vance 2003; Taylor et al. 2005; Michael et al. 2006; Camaclang et al. 2015). Despite this
importance, aquatic species remain underrepresented in spatial conservation efforts (Cor-
rigan et al. 2014; Hyde et al. 2022), and data-driven designation processes may inadver-
tently reflect patterns of research effort and data availability rather than ecological priority,
potentially resulting in spatial or taxonomic biases. To address these gaps, systematic iden-
tification of critical habitats for chondrichthyans is needed to strengthen representative-
ness in spatial conservation planning. As such, the IUCN Species Survival Commission
(SSC) Shark Specialist Group (SSG) developed the Important Shark and Ray Areas (ISRA)
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approach (Hyde et al. 2022), which identifies ‘discrete three-dimensional portions of habi-
tat, important for one or more shark, ray, or chimaera species, that are delineated and have
the potential to be managed for conservation’ (Hyde et al. 2022).

Here, we assess critical habitats identified for chondrichthyans through the ISRA process
in the Asia region, examining their characteristics, ecological significance, and conservation
implications. Specifically, we aim to: (1) identify the species and ecological traits used for
ISRA delineation, their extinction risk, and the ISRA Criteria applied; (2) examine overlap
between ISRAs and partial or no-take MPAs to evaluate the current extent of protection of
critical chondrichthyan habitats and how these relate to Target 3 of the KMGBEF (‘conserve
30% of land, waters and seas by 2030’); (3) evaluate the data types and methods used for
ISRA delineation and their contributions across jurisdictions, species, and ISRA Criteria;
(4) classify broad habitat types identified as critical under ISRA Criteria; and (5) assess
spatial overlap between ISRAs and hotspots of species richness. This study provides the
first comprehensive baseline for chondrichthyan habitat conservation in Asia, offering criti-
cal guidance for future research, management, and policy action in one of the world’s most
biodiverse yet heavily exploited regions.

Methods
Study area

For the purpose of the ISRA project, the ‘Asia region’ (thereafter referred to as ‘Asia’) was
defined as encompassing the marine, coastal, and inland waters around the Bay of Bengal,
Southeast Asia, and the Northwest Pacific Ocean, covering a total of 19 jurisdictions (coun-
tries and territories) and areas beyond national jurisdiction (Fig. 1; TUCN SSC SSG 2023Db).
Asia includes 13 Large Marine Ecosystems (LMEs), and several river basins where obligate
freshwater and euryhaline generalist (hereafter ‘freshwater species’) chondrichthyan spe-
cies are distributed (IUCN SSC SSG 2023b). This region covers the Food and Agriculture
Organization of the United Nations (FAO) Major Fishing Areas 57, 61, and 71.

Identification of Important Shark and Ray Areas

We applied the ISRA Criteria (Hyde et al. 2022; IUCN SSC SSG 2024a) to identify and
define areas based on the known regular and/or predictable presence and/or behaviour of
chondrichthyans in Asia. Four criteria incorporating seven sub-criteria are included: Vulner-
ability (Criterion A; species listed as threatened [Critically Endangered, CR; Endangered,
EN; or Vulnerable, VU] on the IUCN Red List of Threatened Species or a national assess-
ment; [IUCN 2025); Range Restricted (Criterion B; where a species’ entire distribution is
limited to one LME or two adjoining LMEs); Life-History (Criterion C; Reproductive Areas
[C1], Feeding Areas [C2], Resting Areas [C3], Movement [C4], and Undefined Aggrega-
tions [C5]); and Special Attributes (Criterion D; Distinctiveness [D1; related to distinct
biological, behavioral, or ecological characteristics] and Diversity [D2; species richness]).
ISRA criteria or subcriteria are weighted equally, with only one criterion needed to qualify
as an ISRA (except Criterion A that needs an additional criterion to be met). Species are
referred to as ‘Qualifying Species’ when they occur regularly or predictably within an area
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Fig. 1 Important Shark and Ray Areas (ISRAs) in the Asia region. EEZ: Exclusive Economic Zone. Juris-
dictions are labelled using their standardized two-letter codes: BD, Bangladesh; BN, Brunei Darussalam;
KH, Cambodia; CN, China; TW, Chinese Taipei; KP, Democratic People’s Republic of Korea; IN, India;
ID, Indonesia; JP, Japan; KR, Republic of Korea; LK, Sri Lanka; MM, Myanmar; MY, Malaysia; PH,
The Philippines; RU, Russian Federation; SG, Singapore; TH, Thailand; TL, Timor-Leste; VN, Viet Nam

that meets the ISRA Criteria (IUCN SSC SSG 2024a). A regional expert workshop was
held in Bali, Indonesia, in January 2024 to identify ISRAs in Asia. Alongside the ISRA
project team, 208 contributors from 19 jurisdictions proposed areas perceived as important
for chondrichthyan survival, drawing on both published (e.g., scientific papers, books) and
unpublished (e.g., technical reports, unpublished theses and/or datasets, and citizen sci-
ence) data sources (IUCN SSC SSG 2024b). Only ecologically relevant, contemporary data
(defined as the last 15 years, i.e., from 2009-2024) were considered. This timeframe was
used to ensure that ISRA delineation reflects current habitat use and ecological relevance,
while accounting for ongoing population and environmental changes. Proposed areas were
assessed during the workshop and reviewed by an independent panel to determine if the
ISRA Criteria were met. Further details are available in Hyde et al. (2022) and the ISRA
Guidance on Criteria Application document (IUCN SSC SSG 2024a).

Jurisdictions, Qualifying Species, extinction risk, and ISRA Criteria

Data on the ISRA Criteria met by Qualifying Species across Asia were examined through
descriptive statistics. An ISRA may include numerous Qualifying Species, each of which
may qualify for multiple ISRA Criteria. Second, total ISRA coverage was calculated by: (1)
jurisdiction (based on Exclusive Economic Zones [EEZs] as defined by the United Nations
Convention on the Law of the Sea [UNCLOS)); (2) Qualifying Species; and (3) ISRA Crite-
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ria. ISRA surface area by jurisdiction and Qualifying Species was reported with and without
Sub-criterion C4 — Movement, which are areas typically much larger than other ISRAs. To
avoid skewing results, six Movement areas covering 88% of total ISRA area were excluded
from certain analyses (Table S1). Information was summarized separately for marine ISRAs
and for inland ISRAs (i.e., freshwater habitats).

Spatial overlap between ISRAs and protected areas

Spatial layers of Protected Areas (PA) in Asia were retrieved from the World Database on
Protected Areas (WDPA) (UNEP-WCMC and IUCN 2025) in March 2025. From this data-
set, we excluded areas with the following attributes: (1) international designations, such as
World Heritage Sites (UNEP-WCMC 2019; Grorud-Colvert et al. 2021); (2) areas without
official designation or at an early-stage of establishment (i.e., proposed, inscribed), to only
include those with a designated and established status (indicated by Designated and Estab-
lished value in the Status field of the database); and/or (3) areas with non-defined boundar-
ies (i.e., polygon was not available). This approach assumes that, in the early stages of PA
establishment, regulatory changes may lag; thus, effective protection does not begin until
implementation (Grorud-Colvert et al. 2021).

The IUCN categories for each PA were extracted from the WDPA (except for India;
see below). These were then categorized into two groups to classify their level of protec-
tion: no-take PAs, where all extractive activities are prohibited (aligned with [UCN MPA
management categories I, I, or III; as per Day et al. 2019), and partial PAs (also known as
multiple-use PAs), where extractive activities (e.g., fisheries) are allowed to some extent
(aligned with IUCN MPA management categories 1V, V, VI, or other classification types).
PAs that did not include an [UCN category were classified as partial PAs. For India, we used
the ITUCN categorizations assigned in Sivakumar et al. (2013) to determine if PAs were no-
take or partial.

For MPAs, we only included coastal: marine and terrestrial protected areas (i.e., marine
environment overlap ranges from 10-90% of their area; defined as coastal and indicated
by the value 1 in the Marine field of the database) and predominantly or entirely marine
protected areas (i.e., marine environment overlap is>90% of their area; defined as marine
and indicated by a value of 2) (UNEP-WCMC 2019). All remaining areas were consid-
ered MPAs with numbers reported separately for coastal and marine. Terrestrial areas were
excluded from the spatial analysis by using the coastline as the boundary. No-take and par-
tial MPAs were dissolved separately to prevent double counting. In cases where there was
an overlap between no-take and partial MPAs, that area was classified as a partial MPA. For
inland PAs, we included areas that were predominantly or entirely terrestrial (indicated by
a 0 value in the Marine field of the WDPA database), and coastal: marine and terrestrial
(UNEP-WCMC 2019) for the jurisdictions where freshwater species occur (i.e., Bangla-
desh, Brunei Darussalam, Cambodia, India, Indonesia, Laos, Malaysia, Myanmar, Thailand,
and Viet Nam) (IUCN 2025; Last et al. 2016).

Our analysis only included protected areas reported by governments to WDPA. Few
jurisdictions in the region do not report MPA spatial data to the WDPA: China, India, and
the Democratic People’s Republic of Korea. We relied on Bohorquez et al. (2021) to obtain
total MPA area extent for China, including both no-take and partial protection zones. These
data were used to calculate the proportion of the EEZ under protection. Spatial data for India
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were sourced directly from contributors, and this information was cross-referenced with the
list of MPAs included in the Ministry of Environment and Forests of the Indian government
website (https://wiienvis.nic.in/database/mpa_8098.aspx).

To evaluate the coverage of MPAs by jurisdiction and determine the expansion needed
to meet Target 3 of the KMGBF (CBD 2022), we analyzed the proportion of each jurisdic-
tion’s EEZ, covered by both no-take and partial MPAs. The EEZs of India and the Russian
Federation both extend beyond the boundaries of the ISRA Asia region. For this analysis,
we included all MPAs within the full EEZs of these two jurisdictions, as defined under
UNCLOS, regardless of whether those areas fall within the Asia region. This allowed an
assessment of national-level MPA coverage and progress towards global targets. Overlap
results were interpreted relative to overall MPA coverage within each EEZ to account for
differences in jurisdictional size and protection extent.

We measured the percentage area and number of ISRAs overlapping with PAs and MPAs
at two designation levels (partial and no-take) by jurisdiction, calculated as the proportion of
each ISRA under these categories. For this ISRA-MPA overlap analysis, results for Russia
and India were based on the portions of their EEZs that overlap with the ISRA Asia region.

Spatial overlap was classified and reported into four categories: high (>75-100%), mod-
erate (>25-75%), low (>0-25%), and none (0%). Spatial analyses were conducted using
QGIS Geographic Information System software 3.22 version and ArcGIS Pro 3.3 version
(ESRI Inc 2024) and area calculations were conducted using the World Cylindrical Equal
Area projection.

Research methods and data types

To evaluate how ISRAs were identified, as well as potential biases and gaps, we examined
the research methods used by contributors and the types of data collected for each. Research
methods were classified into the following categories: aerial surveys, citizen science, har-
vest fisheries, electronic tracking, local ecological knowledge (LEK), mark-recapture,
remote video, scientific fishing, and visual census (for definitions, see Table 1). The types
of biological or ecological data derived from each were classified into the following cat-
egories: demographic, behavioural, trophic and spatial (Table 1). Descriptive statistics were
used to investigate the importance of each research method and data types (determined by
the frequency of inclusion in ISRA delineation) collected across: (1) ISRAs; (2) jurisdic-
tions; (3) Qualifying Species; and (4) ISRA Ceriteria.

ISRA habitat classification

To provide a standardized format and common terminology for analysis, broad habitat types
were classified according to the Coastal and Marine Ecological Classification Standard
(CMECS) (NOAA 2012). Habitats for each ISRA were classified into the following aquatic
systems: freshwater (inland waters, such as rivers and lakes), estuarine (transitional areas
where freshwater mixes with seawater), and marine. The marine sub-system was further
divided into nearshore, offshore, and oceanic zones (see Fig. S1 for an explanation of how
these were defined). Each ISRA could be classified under several habitat types.

The minimum and maximum depths of each ISRA were used to characterize three verti-
cal habitat attributes: (1) position relative to the surface (i.e., surface or subsurface); (2)
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Table 1 Research methods and data types used to delineate Important Shark and Ray Areas (ISRA) in Asia
based on Garcia-Rodriguez et al. (2025)

Research method

Definition

Aerial surveys

Citizen science

Harvest fishing

Electronic tracking

Local ecological
knowledge

Mark-recapture

Remote video

Scientific fishing

Visual census

Data type
Demographic

Behavioural

Surveys using aerial platforms, including unmanned aerial vehicles (UAVs or
drones), helicopters, and microlights

Data collected from the wider public from formal projects or opportunistic observa-
tions. This usually consists of video or photographic records. Information sourced
from social media is included in this category (Nascimiento et al. 2024). Details

of social media posts (e.g., species, location) were verified with evidence (usually
photos or videos) or confirmed using other research methods. These included diver,
shore-based, boat-based, and recreational fisher observations

Fisheries-dependent data collection from the harvesting of fish and other aquatic
species for consumption, and/or sale and profit, typically using vessels and various
fishing gear. This encompasses small-scale (e.g., subsistence, artisanal) and large-
scale (i.e., industrial) fisheries. Data on catches and landings may be collected across
the seafood value chain, including from the aquatic environment, landing sites, and
fish markets, as long as the fishing location can be identified. Includes data collec-
tion by observers on active fishing vessels. The fishing gear used included trawls,
gillnets, longlines, hook-and-line, harpoons, seine nets, spears, and traps and pots

Movement data recorded using acoustic or satellite telemetry

Anecdotal or historical data collected from local community members (e.g., fishers,
villagers). These need to be verified with evidence (usually photos or videos) or
confirmed using other research methods. All information provided must also be sup-
ported by contemporary evidence (i.e., from the last 15 years)

Encounter records collected using simple numbered tags (conventional tagging)
or photos (photo-identification) of an animal’s natural markings to distinguish
individuals

Footage collection using camera traps or animal borne cameras which included
Baited Remote Underwater Video Systems (BRUVS); Remote Underwater Video
(RUVS); unbaited videos

Fisheries-independent catch records collected specifically for specimen sampling or
to record catch-per-unit-effort. The fishery gear used included trawl, gillnet, seine,
longline, and angling

Visual census conducted as part of a structured survey and may be assisted with
photography, videography (including Diver Operated Video Systems), or other data
collection tools. This census could be collected from underwater, shore, or vessel

Definition

(1) Counts: Number of individuals, sightings, or records. Primarily used to support
the delineation of Range Restricted (B), Undefined Aggregations (C5), or Diversity
D2)

(2) Resightings: Number of individuals resighted. Repeated observations or detec-
tions of the same individual over time, typically identified through physical tags
(mark-recapture) or natural markings (photo-identification)

(3) Life-stages—body size: total length or disc width recorded to identify early life-
stages (e.g., neonates or young-of-the-year);

(4) Life-stages—reproductive indicators: umbilical scars, egg cases, distended ab-
domens or visible embryos (suggestive of pregnancy); reproductive signs including
mating scars, sperm in the cloaca, or an inflamed cloaca; examination of reproduc-
tive organs that provides information on maturity, fecundity, and breeding cycles
(5) Life-stages—ageing: vertebral analysis that counts growth bands to estimate age,
growth, and life-stage assessment

Life-stage data types (3—5) are primarily used to support the delineation of Repro-
ductive Areas (C1)

Number of observations of reproductive (i.e., courtship, mating), feeding, resting,

and distinctive behaviours. Primarily used to support the delineation of Reproduc-
tive Areas (C1), Feeding Areas (C2), Resting Areas (C3), or Distinctiveness (D1)
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Table 1 (continued)

Research method  Definition

Trophic Number of individuals with stomach contents or isotopic signatures of local prey.
Primarily used to support the delineation of Feeding Areas (C2)

Spatial Number of individuals following similar spatial movement patterns. Primarily used
to support the delineation of Movement (C4)

maximum depth (i.e., 0-200 m, 201-1000 m,> 1000 m), regardless of their minimum depth;
and (3) habitat relative to the benthos (i.e., pelagic, benthic, or both). To further examine
ISRA coverage in the deep sea, any ISRA that included one or more Qualifying Species
‘whose distribution is predominantly at, are restricted to, or spend the majority of their life-
cycle at depths below 200 m (Kyne and Simpfendorfer 2010), was classified as a ‘deepwater
ISRA’ to examine the geographical coverage of deepwater species.

Chondrichthyan and range-restricted species richness

Species richness maps were created for (1) marine chondrichthyan species and (2) range-
restricted species. This analysis was based on available [IUCN Red List range maps for 367
chondrichthyan species, representing 92% of the known chondrichthyan diversity in the
region (IUCN 2025). IUCN Red List range maps were not available for 19 species due to
data deficiency on their distribution (Table S2). Species distribution maps were rasterized
into 0.01° grid cells and subsequently merged to enable spatial analysis. Only the extant dis-
tribution of species was considered. All analyses were conducted using the Overlay toolset
on ArcGIS Pro 3.3 (ESRI Inc 2024).

Species occurring in freshwater habitats in Asia (n=10; Grant et al. 2019) were excluded
from the chondrichthyan and range-restricted species richness analyses. [IUCN Red List
geographic range maps for obligate freshwater species in Asia are currently delineated using
hydrobasin units, resulting in an overestimation of range extent as they include substan-
tial terrestrial catchment areas. This lack of resolution precludes reliable fine-scale spatial
analyses for these species. Moreover, for certain euryhaline generalist species (i.e., Ganges
Shark [Glyphis gangeticus] and Largetooth Sawfish [Pristis pristis]), their contemporary
freshwater distribution is uncertain due to localized extinctions and misidentification (Rigby
et al. 2021; Yan et al. 2021).

ISRAs identified under Sub-criterion D2 — Diversity included those that meet a regional
threshold for chondrichthyan species richness (IUCN SSC SSG 2024a). This threshold was
based on a relative numerical assessment, considering the overall chondrichthyan diversity
within each region. To determine this threshold, species richness maps were generated to
identify the maximum number of species occurring in a single 0.01° grid cell. The final
threshold was set at 30% of the maximum species count (103 species), resulting in a regional
marine species threshold of 31 species (Table S3; [IUCN SSC SSG 2024a). This threshold
was used here to identify areas of high chondrichthyan species richness. To identify diver-
sity hotspots of exceptionally high chondrichthyan species richness, a higher threshold was
set at 80% of the maximum richness per cell, corresponding to 82 species (Table S3). The
spatial overlap was then assessed between areas of sigh and exceptionally high chondrich-
thyan species richness, all delineated ISRAs, and the subset of ISRAs triggered under Sub-
criterion D2 — Diversity. The overlap was quantified using percentage area. For freshwater
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species (n=10), a 50% threshold was used to apply Sub-criterion D2 — Diversity (n=5) to
avoid the over-application of the sub-criterion given the low number of species (IUCN SSC
SSG 2024b).

Following the methods described above, the threshold for range-restricted species rich-
ness was set at four species, corresponding to 30% of the maximum count (12 species)
observed per 0.01° grid cell (Table S3). Areas with>4 range-restricted species were con-
sidered to have high range-restricted species richness. To identify areas of exceptionally
high range-restricted species richness, a threshold corresponding to 80% of the maximum
observed richness, was also calculated, resulting in a threshold of 10 species. The spatial
overlap between areas of high and exceptionally high range-restricted species richness, all
delineated ISRAs, and ISRAs identified under Criterion B — Range Restricted, was then
assessed.

Additionally, percentile thresholds were derived from the raster richness maps in QGIS
using the GRASS GIS r.quantile tool. In the empirical distribution of overall chondrich-
thyan species richness, values of 31 and 82 species, representing 30% and 80% of the
regional maximum richness, corresponded to the 85th and 99th percentiles, respectively.
For range-restricted species richness, the corresponding values were four and ten species,
which represented 30% and 80% of the regional maximum richness and fell at the 85th and
99th percentiles, respectively (Table S3).

Data analysis

Analyses were descriptive and comparative. We used summary statistics (frequencies, pro-
portions, and spatial extent) to evaluate patterns across jurisdictions, Qualifying Species,
ISRA Criteria, habitat types, and data sources. Spatial overlap between ISRAs and protected
areas was quantified as the proportion of ISRA area intersecting with no-take and partial
MPAs, and categorized into four overlap classes (none, low, moderate, high).

Comparisons among jurisdictions and protection categories were interpreted in relation
to the proportion of each EEZ covered by MPAs to account for differences in EEZ size and
overall protection extent. No inferential statistical tests were applied, as the study aims to
provide a baseline regional assessment and identify broad patterns, gaps, and priorities for
conservation planning.

Results

Important Shark and RayAreas in the Asia region

A total of 122 ISRAs were delineated for 121 Qualifying Species covering an area of
1,079,537 km? (min=0.14 km?, average=8,849 km?, max=420,817 km?) in 12 jurisdic-

tions (Fig. 1). The following sections present the results for marine ISRAs (n=120), fol-
lowed by those pertaining to inland ISRAs (n=2).
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Marine Important Shark and Ray Areas

Marine ISRAs accounted for 3% of the marine region and represented 99.9% of the total
ISRA extent (Table S1). ISRAs mostly occupied national waters (99% of total ISRA extent)
with two ISRAs overlapping partially with areas beyond national jurisdiction. In terms
of total size, C4 — Movement areas covered the largest extent (87.9% of the total ISRA
coverage).

The jurisdictions with the highest number of ISRAs and their corresponding EEZ cover-
age were: Indonesia (n=40; 12.9% of EEZ), Japan (n=14; 0.4% of EEZ), and India (n=11;
1.5% of EEZ) (Fig. S2). The jurisdiction with the largest ISRA coverage was Indonesia,
representing 71.7% of the total ISRA coverage in Asia (Fig. S3). When ISRAs delineated
under C4 — Movement were excluded, the largest ISRA coverage remained in Indonesia
(20.3% coverage), followed by the Russian Federation (16.2%) (Fig. S2). The number of
Qualifying Species for each jurisdiction is displayed in Fig. S2. Eight jurisdictions lacked
sufficient contemporary data to meet the ISRA Criteria: Brunei Darussalam, Cambodia,
China (including Hong Kong and Macau Special Administrative Regions [SAR]), Demo-
cratic People’s Republic of Korea, Republic of Korea, Singapore, Timor-Leste, and Viet
Nam. Therefore, no ISRAs were identified in these jurisdictions.

Qualifying Species, extinction risk, and ISRA Criteria

Marine ISRAs included 117 Qualifying Species (53 sharks; 63 rays; 1 chimaera) from 10
orders and 35 families. This accounts for 30% of the total known Asian chondrichthyan
diversity (26% sharks; 37% rays; 9% chimaeras). Qualifying Species from nine families
accounted for the majority of ISRAs delineated (83% of all ISRAs) including the wide-
spread requiem sharks (Carcharhinidae) and whiptail stingrays (Dasyatidae) (Fig. S3). Four
chondrichthyan orders were not included in ISRAs due to insufficient data available to apply
the ISRA Criteria: Echinorhiniformes (n=2 species in Asia), Heterodontiformes (n=2),
Hexanchiformes (n=>5), and Pristiophoriformes (n=2).

Six species were associated with both the largest number and spatial extent of ISRAs
(Fig. S4), all of which are threatened according to the IUCN Red List, with a total number
of 91 ISRAs (76% of marine ISRAs) and a combined area of 1,003,503 km? (Fig. 2; Fig.
S4). From this group, the Whale Shark (R. typus), Oceanic Manta Ray (Mobula birostris),
and Reef Manta Ray (M. alfredi) were the only three species with areas for C4 — Movement
delineated. When these areas were excluded from the analysis, their spatial extent ranked
third, thirteenth, and twentieth, respectively.

Overall, 88 (75%) marine Qualifying Species in Asia are threatened with extinction
(Fig. 3) and meet ISRA Criterion A — Vulnerability. The most frequently applied ISRA
Criterion (excluding A — Vulnerability) was C1 — Reproductive Areas resulting in the
delineation of 64 ISRAs for 61 Qualifying Species (Fig. S4). These were most frequently
identified for Blacktip Reef Shark (n=13 ISRAS), (Carcharhinus melanopterus) Scalloped
Hammerhead (n=9), (Sphyrna lewini) Reef Manta Ray (n=7), (Rhynchobatus australiae)
and Bottlenose Wedgefish (n=6). For C5 — Undefined Aggregations, 42 ISRAs were delin-
eated for 28 Qualifying Species, primarily for Reef Manta Ray (n=10 ISRAs), Scalloped
Hammerhead (n=10), Oceanic Manta Ray (n=7), and Whale Shark (n=6) (Fig. S4). For
C2 — Feeding Areas, 23 ISRAs were delineated for 15 Qualifying Species, primarily for
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Fig. 2 Qualifying Species (QS) occurring in Important Shark and Ray Area (ISRAs) in Asia, showing
number and size of ISRAs, number of jurisdictions, and the IUCN Red List of Threatened Species cat-
egory for each QS. IUCN Red List categories: CR, Critically Endangered; EN, Endangered; VU, Vulner-
able; NT, Near Threatened; LC, Least Concern; DD, Data Deficient. The names of the seven species for
which the most ISRAs were delineated are shown. Bubbles below Bull Shark represent the other QSs
(refer to Figure S2 for full species lists)
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Fig. 3 IUCN Red List of Threatened Species extinction risk category for the 121 Qualifying Species
occurring in Important Shark and Ray Areas (ISRAs) in Asia (IUCN 2025). IUCN Red List categories:
CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened; LC, Least Concern;
DD, Data Deficient

Whale Shark (n=7), Reef Manta Ray (n=6), and Oceanic Manta Ray (n=4) (Fig. S4).
For B — Range Restricted, 22 ISRAs were delineated for 25 Qualifying Species, with three
ISRAs delineated for each of the following species: Spotted-belly Catshark (4telomycterus
erdmanni), Raja Ampat Epaulette Shark (Hemiscyllium freycineti), and Indonesian Wob-
begong (Orectolobus leptolineatus) (Fig. S4). In the Asia region, 122 species are considered
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range-restricted, including 69 sharks, 61 rays, and two chimaeras; 20.5% of these species
are represented within designated ISRAs.

Amongst the least applied ISRA Sub-Criteria, C3 — Resting Areas were represented in
seven ISRAs for four Qualifying Species, while C4 — Movement was represented in six
ISRAs for four Qualifying Species, with Whale Shark being the most frequent (n=3) (Fig.
S4). Sub-Criterion D1 — Distinctiveness was represented in two ISRAs for one species.
Sub-Criterion D2 — Diversity was represented in four ISRAs encompassing 48 Qualifying
Species (12% of Asian chondrichthyans) in which the number of species ranged between
3244 for each ISRA. Indonesia had the most ISRAs delineated for all criteria, except for
C3 — Resting Areas (Fig. 4A). Sub-Criterion C4 — Movement was delineated only in Indo-
nesia and Japan (Fig. 4B).
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Fig. 4 Important Shark and Ray Areas (ISRA) Criteria applied by jurisdiction in Asia. A: Criteria A to D;
B: Life-History Sub-criteria C1 to C5. The numbers in the bars represent the number of ISRAs for each
ISRA criteria/sub-criteria. A transboundary ISRA is an area that spans the maritime jurisdiction of two or
more jurisdictions or lies within international waters
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Spatial overlap between ISRAs and marine protected areas

A total of 1,671 MPAs cover 885,005 km? (2.9% of Asia) (Fig. S5; TableS4). Bangladesh
(7.3%) followed by Japan (7.2%) and Thailand (4.9%) were the jurisdictions with the high-
est proportion of their EEZ designated as MPAs (Fig. 5). Most jurisdictions protected less
than 1% of their waters, including Chinese Taipei, Timor-Leste, Viet Nam, Myanmar, India,
Sri Lanka, Brunei Darussalam, and Singapore. The vast majority of MPAs (n=1,049; 83%
of all MPAs, excluding China with 273 MPAs) are designated as partial MPAs, covering
a total area of 354,790 km?. In contrast, no-take MPAs represent only 17.2% of all MPAs
(n=218) despite accounting for 53% of the total MPA area (392,827 km?). Notably, six large
no-take MPAs, distributed across Japan and Indonesia comprise 70% of the total no-take
MPA area in the region.

Half of the ISRAs identified in Asia (n=62; 50.8%) overlapped fully or partially with
MPAs (no-take and partial). Of these, 27 ISRAs overlapped with 30 no-take MPAs and 46
ISRAs overlapped with 79 partial MPAs. The degree of overlap varied. For no-take MPAs,
only 15 ISRAs had high overlap (>75-100%) and 7 moderate overlap (>25-75%), while
the vast majority (95 ISRAs) had no overlap (0%). Similarly, for partial MPAs, 16 ISRAs
showed high overlap (>75-100%) and 11 moderate overlap (>25-75%), but 77 had no
overlap (0%). A smaller number of ISRAs fell into the low overlap category (>0-25%),
with 5 ISRAs for no-take MPAs and 18 for partial MPAs. Therefore, only 5.4% of the ISRA
coverage in the region overlapped with MPAs, covering a total of 57,819 km?, and only
2.8% of ISRA coverage overlapped with no-take MPAs. Thailand (52.2%) accounted for
the highest overlap between ISRAs and overall MPAs, followed by Bangladesh (36.1%)
and Japan (24.3%) (Fig. 5).

The most frequently applied ISRA Criterion that overlapped with MPAs (excluding A
— Vulnerability) was C1 — Reproductive Areas (no-take=17; partial=25), followed by C5
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Fig.5 Marine protected area (MPA) coverage in the Asia region for all jurisdictions excluding the Demo-
cratic People’s Republic of Korea. (A) The percentage of the exclusive economic zone (EEZ) covered
by MPAs for each jurisdiction in the Asia region. Numbers in parentheses indicate the number of MPAs.
For India and the Russian Federation, all MPAs and its entire EEZ were included, including areas beyond
the Asia region. (B) Percentage of Important Shark and Ray Areas (ISRAs) covered by MPAs for each
jurisdiction in the Asia region. To classify their level of protection, MPAs are grouped into no-take PAs,
where all extractive activities are prohibited, and partial MPAs where extractive activities are allowed to

some extent. ‘All MPAs’ include no-take and partial MPAs
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— Undefined Aggregations (no-take=10; partial=18) and C2 — Feeding Areas (no-take=6;
partial=11). In terms of size, C4 — Movement was the ISRA Criterion with the highest area
overlap with MPAs (no-take=21,370 km?; partial=19,620 km?), followed by C1 — Repro-
ductive Areas (no-take=4,043 km?; partial =8,096 kmz).

ISRAs for 80 species (66% of all Qualifying Species; 20% of all species in the region)
overlapped with MPAs, and 75% of these species are classified as threatened (Fig S5). The
extent of overlap varied considerably among ISRAs, with most intersecting only a small
extent with MPAs. In contrast, ISRAs for a few species (e.g., Whale Shark and Reef Manta
Ray) overlapped with more than six MPAs.

Research methods and data types

Nine research methods were used to collect the data used for ISRA delineations (Fig. 6, Fig.
S7). At the ISRA level, 57 ISRAs (47.9%) were delineated using citizen science data (86%
from diver observations); 22 fully and 35 partially based on citizen science. This was fol-
lowed by 49 ISRAs informed by harvest fisheries data (partially=20; fully=29) (36% from
gillnet and 33% from trawl fisheries), 29 ISRAs based on LEK (partially=29), 22 ISRAs on
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Fig. 6 Research methods used to collect data that supported the delineation of Important Shark and Ray
Areas (ISRAs) by jurisdiction in Asia. LEK, Local Ecological Knowledge; M-R, Mark-Recapture. Refer
to Table 1 for research method definitions
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visual census (partially=1; fully=21), and 18 ISRAs partly supported by mark-recapture
data. Citizen science and harvest fishing were the primary data sources for most Qualifying
Species (Table 2) and across jurisdictions (Fig. 6).

For most ISRAs delineated for B — Range-Restricted, C1 — Reproductive Areas, C2 —
Feeding Areas, C3 — Resting Areas, and C5 — Undefined Aggregations, the primary data
sources used for delineation were harvest fishery data and citizen science, contributing
between 17 and 38% depending on the criterion. Notably, C3 — Resting Areas relied exclu-
sively on citizen science, while other criteria such as C4 — Movement were supported pri-
marily by electronic tracking (67%) (Fig. S6, Fig. S7).

The most frequently included data types were counts combined with life-stage classi-
fications (n=101), including 78 reports of neonates, 64 reports young-of-the-year, and 50
reports of pregnant females. This was followed by counts alone (n=74) and behavioural
observations (n=42) (Fig. S6, Fig. S7).

ISRA habitat classification

Four ISRAs occurred in the estuary sub-system, 108 in the marine sub-system, and eight
across both estuary and marine sub-systems. The highest number of marine areas were
delineated in the nearshore zone (n=44; 36% of all ISRAs) (Fig. S1). Most ISRAs were
found within the upper 200 m of the water column (n=83; 68% of all ISRAs), and a large
portion extended to the surface (0 m) as the upper depth limit (n=106; 86%). Most ISRAs
were both benthic and pelagic (n=83; 68%). Eleven deepwater ISRAs were delineated for
14 deepwater Qualifying Species, six within waters of the Russian Federation and one each
across Japan, Chinese Taipei, Sri Lanka, Indonesia, and India.

Chondrichthyan and range-restricted species richness

Marine ISRAs covered 2.0% of the total area with high chondrichthyan species richness
(>31 species). Most ISRAs (n=93) overlapped with these areas although the degree of
overlap varied (Table 3). For ISRAs identified for D2 — Diversity, the extent of overlap
varied considerably, ranging between 27-85%. Notably, the majority of D2 — Diversity
areas (62.5% of their total extent) located in West Papua, overlapped with low species rich-
ness areas. The three locations exhibiting exceptionally high chondrichthyan species rich-
ness (>82 species; Taiwan Strait, Palk Strait [between India and Sri Lanka], and Sarawak

Table2 Contribution of different  Research method Total Sharks ~ Rays  Chi-
research methods to the identi- Species maeras
fication of Qualifying Species -

used in Importanty Shgarkpand Ray H.ar'vest ﬁ%hlng %4 38 33 !
Areas (ISRA) delineation in the Citizen science 53 24 29 0

Asia region (in descending order ~ Visual census 41 22 19 0

of the total number of Qualifying  Local ecological 30 14 16 0

Species). See Table 1 for defini- knowledge
tions of research methods

Scientific fishing 21 6 15 0
Electronic tracking 11 7 4 0
Remote video 4 3 0
Mark-recapture 3 2 0
Aerial surveys 1 1 0

@ Springer



Biodiversity and Conservation (2026) 35:179 Page 17 of 38 179

Table 3 Number of Important ) Number of ISRAs
Shark .and R.ay Areas (IS.RAS) m Species richness High Moderate  Low No
the Asia region overlapping with

: . types overlap overlap overlap overlap
areas of high and exceptionally - -
high species richness: marine ngh. chqndrlchthyan 41 31 21 29
chondrichthyan (>31 and 82 species richness
species per cell, respectively) Exceptionally high 0 3 4 115
and range-restricted (>4 and chondrichthyan spe-
10 species per cell, respec- cies richness
tively). Overlap is categorized High range-restrict- 17 11 10 84
as high (>75-100%), moderate ed species richness
(>25-75%), low (>0-25%), and Exceptionally high 1 0 4 117
none (0%)

range-restricted spe-

cies richness

High chondrichthyan 12 12 12 86
species richness and

high range-restricted

species richness

[Malaysian Borneo]) overlapped with ISRAs (n=35), but none of these ISRAs were identi-
fied under D2 — Diversity (Fig. 7A; Table 3).

Marine ISRAs covered 4.5% of the total area with high range-restricted species richness
(>4 species). Around one quarter of all ISRAs in the region (n=38) overlapped with areas
of high range-restricted species richness, though the degree of overlap varied (Table 3).
Eight ISRAs under B — Range Restricted overlapped with areas of high range-restricted
species richness; however, the extent of this overlap varied between 37—100%. The three
locations with exceptionally high range-restricted species richness (=10 species; eastern
side of Japan’s main islands, Chinese Taipei, and Palk Strait) all contained ISRAs (n=7),
two of which were identified under B — Range Restricted (Fig. 7B; Table 3).

Thirty-six ISRAs overlapped fully or partially with areas of both high chondrichthyan
species richness and high range-restricted species richness across Bangladesh, Chinese Tai-
pei, Japan, India, Sri Lanka, Indonesia, Malaysia, Myanmar, and the Philippines.

Inland ISRAs

Two ISRAs were identified in the freshwater sub-system. These areas were delineated in
Indonesia and Cambodia and included three obligate freshwater species (Fluvitrygon spp.
whiprays) and the euryhaline generalists, Giant Freshwater Whipray (Urogymnus polylepis)
and Bull Shark (Carcharhinus leucas). All of the species are threatened. The delineation
was based on three ISRA Criteria: A — Vulnerability, D1 — Distinctiveness, applied to the
unique biological traits of the Giant Freshwater Whipray, and D2 — Diversity. In the case of
Cambodia, this was the only ISRA designated in the jurisdiction.

Spatial overlap between ISRAs and protected areas
A total of 1,386 inland protected areas (no-take=739, partial=647) are established across
ten Asian jurisdictions (Bangladesh, Brunei Darussalam, Cambodia, India, Indonesia, Laos,

Malaysia, Myanmar, Thailand, and Viet Nam) where freshwater species occur (Fig. S8). Of
the two ISRAs delineated for freshwater chondrichthyan species, only the Mekong Deep
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Fig. 7 Spatial overlap between Important Shark and Ray Areas (ISRAs) in the Asia region with areas of
A: chondrichthyan species richness; B: chondrichthyan range-restricted species richness. ISRA Criterion
D2—Diversity, are those areas with>31 Qualifying Species; exceptionally high chondrichthyan species
richness is defined as those areas with>82 species; and exceptionally high range-restricted species rich-
ness is defined as those areas with> 10 range-restricted species in 0.01° grid cells
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Pools ISRA in Cambodia overlaps a partial inland protected area (60 km or 40.2% of ISRA
area).

Discussion

This study provides the first in-depth regional assessment of critical habitats for chon-
drichthyans in Asia, establishing a baseline for a region of exceptional diversity that is
also exposed to the world’s highest fishing pressures (FAO 2024a, b). Here, we assess the
role of ISRAs in guiding conservation actions across Asia building on our evaluation of
species, ecological traits, and ISRA Criteria (Objective 1), and their overlap with MPAs in
relation to Target 3 of the KMGBF (Objective 2). We highlight the shortfalls in MPA cover-
age and governance challenges, and the opportunities to strengthen protection by aligning
MPAs with ISRA boundaries. We further examine the contribution of different data types
and methods to ISRA delineation (Objective 3), and the range of critical habitats identified
across the region (Objective 4), alongside spatial patterns of species richness (Objective 5)
We also discuss the knowledge gaps for deepwater, range-restricted, and freshwater species.
Finally, we outline key recommendations and future priorities to address research gaps and
improve future ISRA delineation.

Shortfalls in MPA coverage and governance challenges

The coverage of MPAs in Asia remains limited. As of March 2025, no Asian jurisdiction
had achieved Aichi Target 11 (conserving at least 10% of coastal and marine waters by
2020), with regional MPA coverage lagging behind global averages (<5% compared to 9%
globally or 18% of the global EEZ area; Rechberger et al. 2025; Seguin et al. 2025). The
Asia region has been identified as a priority region for MPA expansion (Rechberger et al.
2025). ISRAs provide actionable guidance for area-based management by informing MPA
designation or expansion and guiding spatial fisheries management measures (Mouton et al.
2025; Rohner et al. 2025). They can also contribute directly to meeting international biodi-
versity targets such as Target 3 of the KMGBF (Hyde et al. 2022). Mainstreaming ISRAs
into National Biodiversity Strategies and Action Plans (NBSAPs), Key Biodiversity Areas
(KBA), and National Plans of Action for the Conservation and Management of Sharks
(NPOAs) offers an evidence-based mechanism to accelerate conservation. Indeed, ISRAs
have been recognized as a key tool to assist countries in meeting global biodiversity targets
with Parties to the Convention on the Conservation of Migratory Species of Wild Animals
(CMS) and Signatories to its daughter agreement, the Sharks Memorandum of Understand-
ing (Sharks MOU), adopting several decisions related to ISRAs (CMS 2023; Jabado et al.
2025). Parties and Signatories have been requested to take into account identified ISRAs for
spatial planning and conservation action, specifically for the benefit of CMS-listed shark
and ray species, while facilitating implementation of KMGBF targets. Similarly, an analysis
of ISRAs and KBAs indicate that these are complementary approaches with one fifth of
ISRAs being able to be recognized as KBAs covering three quarters of globally threatened
and two thirds of non-threatened restricted-range sharks (Boyd et al. 2025).

Our findings also highlight how fisheries data have been used to delineate ISRAs inside
existing MPAs, including three no-take and 10 partial MPAs. These cases illustrate how
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formal designation does not always safeguard susceptible species (Mangubhai et al. 2011;
Seguin et al. 2025). In Japan, for example, shark culling occurs and is subsidized within
some MPAs that overlap with ‘common fishery right areas’ managed by local cooperatives.
While these systems support traditional community-based management, they rarely include
protective measures for chondrichthyans. Japan is also among the jurisdictions with the
highest industrial fishing detections inside MPAs (Seguin et al. 2025). To ensure that MPAs
conserve chondrichthyans, management plans must explicitly include identified critical
habitats (e.g., ISRAs), assess species’ vulnerability to extractive and non-extractive activi-
ties (e.g., tourism), and ensure compliance with MPA regulations (Chin et al. 2023; Mouton
et al. 2025).

Mismatch between ISRAs and MPAs

A striking mismatch exists between ISRAs and MPAs with 94.6% of critical chondrichthyan
habitat remaining outside MPAs. This gap is larger than in the Central and South American
Pacific (84.4%; Mouton et al. 2025) and slightly higher than in the Western Indian Ocean
(92.9%; Cochran et al. in 2026). Some jurisdictions (e.g., Thailand, Bangladesh, Japan, the
Philippines, Myanmar, and Malaysia) show higher overlap (14.7-52.2%), though research
efforts that supported ISRA delineation can be biased toward MPAs (e.g., in the Philip-
pines). Strict protection remains scarce; no-take MPAs cover only ~1% of the Asia region
and 2.8% of ISRA coverage. Despite these limitations, examples such as Tubbataha Reefs
Natural Park (the Philippines) and Raja Ampat (Indonesia) demonstrate that well-managed
no-take MPAs can support population recovery of reef sharks and manta rays (Jaiteh et al.
Philippines2016; Murray et al. 2019; Setyawan et al. 2022a). Expanding and strengthening
MPAs by incorporating ISRAs presents a critical opportunity for conservation, particularly
in the 41 ISRAs already partially overlapping with MPAs.

Most ISRAs (79%) were delineated in coastal and nearshore areas where Qualifying
Species use habitats throughout their life cycle or during specific stages. Eighty-six ISRAs
support 71 coastal Qualifying Species, representing 12 of the 13 historically most depleted
chondrichthyan families (Squatinidae are not represented) (Dulvy et al. 2021, 2024), includ-
ing long overlooked taxa such as giant guitarfishes and wedgefishes (Kyne et al. 2024).
Although many MPAs overlap with nearshore ISRAs, the level of protection remains insuf-
ficient. Coastal ecosystems are subject to intense fishing pressure, habitat degradation, and
climate-driven impacts (Todd et al. 2010; Eddy et al. 2021; Sudo et al. 2021; Bhowmik et
al. 2022). These ISRAs capture highly threatened species with severe depletion histories,
yet management rarely meets their ecological needs. Aligning area-based management with
species’ spatial and life-history requirements is essential to reverse declines (Hyde et al.
2022; Shidqi et al. 2024).

Many MPAs are poorly designed and managed, constraining their conservation outcomes
(Mouillot et al. 2024; Rechberger et al. 2025). For instance, the [zu-Ogasawara Trench
in Japan, one of Asia’s largest no-take MPAs, lacks a management plan and has unclear
monitoring, compliance, and surveillance practices. Overall, weak enforcement and chronic
underfunding compound shortcomings in the effectiveness of MPAs (Burke et al. 2002; Gill
et al. 2017; Iacarella et al. 2021; Jompa et al. 2023). Rapid expansion of protected areas
has also raised concerns about overlooking habitat quality and ecological representative-
ness (Watson et al. 2023; Rohner et al. 2025). Chondrichthyans are often overlooked and/
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or excluded from MPA management objectives (Giménez et al. 2020; Faure-Beaulieu et al.
2023). In the Central and South American Pacific, only 11% of MPAs list them as a con-
servation value (Mouton et al. 2025). Further, nearly half of MPAs worldwide are<1 km?
(Rechberger et al. 2025), providing limited benefit to highly mobile species (Goetze et al.
2024). ISRAs can help correct these shortcomings by ensuring that protected area networks
include habitats critical for life-history processes (Rohner et al. 2025).

Inaccurate reporting of protection levels to the WDPA is a further concern. MPAs
recorded as no-take are often multiple-use, leading to inflated estimates of strict protection.
For example, Indonesia’s two largest ‘no-take’” MPAs (ranked 4th and Sth largest in the
Asia region), when assessed against their zoning, allow fishing in>96% of their area (Balai
Besar TNTC 2009; SIDAKO 2025). Verifying WDPA classifications through a review of
management plans and adopting more nuanced frameworks (Horta e Costa et al. 2016; e.g.,
Marine Protection Atlas: Grorud-Colvert et al. 2021) would provide a clearer picture of true
protection levels across the region and help prioritize conservation action.

Effective conservation also relies on strong local engagement with coastal communities,
supported by awareness, socio-economic incentives, and alternative livelihoods (Muallil et
al. 2019; Booth et al. 2021; Tacarella et al. 2021; Shidqi et al. 2025). Involving those most
dependent on marine resources enhances legitimacy, fosters stewardship, and ultimately
improves conservation outcomes (Mascia et al. 2010; Oldekop et al. 2016; Kamil et al.
2017). Other Effective Area-based Conservation Measures (OECMs) can deliver ecological
benefits while being inclusive of community priorities (Gurney et al. 2021; Mouillot et al.
2024), although their often small size may limit benefits for wide-ranging species (Rocliffe
et al. 2014). Few jurisdictions empower local governments to manage MPAs with the Phil-
ippines standing out as a notable exception. Its> 1,800 locally managed marine areas illus-
trate the benefits of municipal leadership (Rechberger et al. 2025). Well-managed MPAs
can also provide direct economic incentives through tourism, often generating sufficient
revenue to cover management costs and deliver profits for communities within a few years
(Costello 2024; Rechberger et al. 2025). Recreational divers, who value the dive opportuni-
ties that MPAs provide (Morse et al. 2024), can contribute substantially to local economies
(Costello et al. 2024) while also participating in citizen science to monitor chondrichthyan
populations. The Misool Marine Reserve in Indonesia, financed exclusively through dive
tourism, represents a particularly successful model (Rechberger et al. 2025).

Importance of citizen science and fisheries data

Asia holds a major share of global marine tourism, leads in shark-based tourism (Spald-
ing et al. 2017; Schuhbauer et al. 2023), and supports the world’s largest chondrichthyan
fisheries (Worm et al. 2024). This is reflected in our results, where both citizen science
and fisheries data emerged as the dominant sources underpinning ISRA delineation across
jurisdictions and criteria. Citizen science emerged as a major contributor to ISRA delinea-
tion in Asia (e.g., Ward-Paige et al. 2018; Setyawan et al. 2020, 2025; Magson et al. 2022),
particularly in dive tourism hotspots such as Indonesia (Spalding et al. 2017; Mustika et al.
2020). Charismatic species like Whale Sharks and manta rays attract strong public interest,
driving data collection through wildlife tourism (Cisneros-Montemayor et al. 2013; Ducatez
2019). Consequently, ISRAs in tropical regions often overrepresent these species (Cochran
et al. in 2026; Garcia-Rodriguez et al. 2025). However, most tourism-based citizen science
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remains limited to nearshore, high-visibility areas during daytime (Thiel et al. 2014; Earp
and Liconti 2019), leaving range-restricted, deepwater, and freshwater taxa underrepre-
sented (Gupta et al. 2022; Garcia-Rodriguez et al. 2025). Expanding citizen science to focus
on these neglected groups offers a major opportunity (Araujo et al. 2020; Cochran et al. in
2026). With> 120 million recreational divers and fishers, Asia holds enormous untapped
potential for scalable citizen science (Ward-Paige and Lotze 2011; Thiel et al. 2014; Raoult
et al. 2016; De Brauwer et al. 2017; Ward-Paige et al. 2023). Structured programs, focusing
on photo-identification databases and organized engagement of passive contributors (e.g.,
social media, incidental records; Nascimento et al. 2024), could generate robust datasets,
strengthen long-term monitoring, and foster environmental stewardship (Cooper et al. 2007;
Cerrano et al. 2017; McKinley et al. 2017; Chin and Pecl 2018). At the same time, the rapid
growth of marine wildlife tourism in Asia poses risks from unsustainable practices (Wong et
al. 2019; Penketh et al. 2021). ISRAs delineated through tourism-based citizen science can
highlight priority areas where management is urgently needed to regulate tourism impacts,
such as habitat damage, change in species behaviour, and vessel strikes.

Tourism based citizen science has contributed substantially to ISRA delineation, but fish-
eries, despite being the most widespread activity affecting sharks and rays in Asia, remain
an underutilized and insufficiently integrated source of information. Asia hosts the world’s
largest chondrichthyan fishery and fleet (FAO 2024b; Worm et al. 2024). Yet, integration
of fisheries information into ISRA delineation is limited. For example, in Indonesia, only
15 ISRAs were informed using fisheries data, despite the jurisdiction reporting the world’s
largest chondrichthyan catches (Worm et al. 2024). Across South and Southeast Asia, most
chondrichthyan catches are incidental or opportunistic, often aggregated as ‘shark’ or ‘ray’
in catch data, thus obscuring species-specific data and trend patterns (White and Dharmadi
2007; Lam and Sadovy de Mitcheson 2011; Haque et al. 2021). Limited taxonomic resolu-
tion in catch data, driven by high species diversity, morphologically similar species, and
limited taxonomic expertise, further constrains accurate monitoring (Dharmadi et al. 2015;
Prasetyo et al. 2021). Barriers to use these data for ISRA delineation also include the limited
life-stage-specific data and minimal spatial reporting on fishing grounds. As a result, 58%
of the 112 most frequently caught species in the region (Jabado et al. 2024a) lack associ-
ated ISRAs delineation, despite many being threatened. Training in species identification,
expanded monitoring infrastructure, digital reporting systems, and use of onboard electronic
monitoring to capture catch composition and effort would improve data availability (Tyabji
et al. 2020; Soares and Jabado 2024). The Scalloped Hammerhead illustrates this potential;
as the second most caught species across eight Asian jurisdictions (Jabado et al. 2024a), it
is represented in 22 ISRAs, with fisheries data supporting 38% of these. Similar targeted
efforts could improve coverage for other commercially important species. Complementary
non-invasive methods are also essential data collection tools. Remote underwater video
(Oliver et al 2011; Leonetti et al. 2024), visual censuses (Murray et al. 2019), and aerial
surveys (Butcher et al. 2021; Oleksyn et al. 2021; Setyawan et al. 2022b) can provide hab-
itat-use data to support the application of the ISRA Criteria (Garcia-Rodriguez et al. 2025;
Cochran et al. in 2026). Electronic tracking, though underutilized in Asia due to cost and
logistics, could substantially improve delineation of C4—Movement areas (Sequeira et al.
2025). Regional training and technology transfer are critical to overcome these barriers.

@ Springer



Biodiversity and Conservation (2026) 35:179 Page 23 0f38 179

Knowledge gaps across regions and taxa

Several jurisdictions lack ISRAs altogether, despite extensive coastlines and high biodi-
versity. China, Viet Nam, and the Korean Peninsula collectively encompass~2 million
km? of EEZ including including coastal systems influenced by major river discharges (e.g.,
Mekong River, Red River, Yangtze River) and the Yellow Sea, which likely harbor critical
habitats (e.g., Kim et al. 2019), yet no ISRAs have been delineated due to data deficiencies.
Other underrepresented areas, include the Sulu Archipelago in the Philippines, an artisanal
shark-fishing hotspot with cultural reliance on shark and ray products (Muallil and Hapid
2020; Bensual et al. in press). Contributing factors that prevent the delineation of areas
primarily include limited baseline data and systematic research (Clark-Shen et al. 2023;
Jabado et al. 2024a), a lack of species-specific data from fisheries catches (Ali and Isa 2003;
Escobar Jr. 2003; Azri et al. 2020), and constrained institutional capacity and centralized
decision-making (Clark-Shen et al. 2023). Further, marine tourism in most of these jurisdic-
tions is underdeveloped, reducing opportunities for data availability through citizen science
(O’Malley et al. 2013; Spalding et al. 2017). Addressing these challenges requires increased
research effort and targeted capacity development, including baseline surveys and institu-
tional support. Methods used elsewhere in the region can guide identification in data-limited
areas and expanding ISRA delineation in these jurisdictions is essential for comprehensive
representation of chondrichthyan habitats across Asia.

Of the four ISRAs identified under Sub-criterion D2 — Diversity, three lie within the
Coral Triangle, a global epicenter of marine biodiversity in the Indo-Malayan region.
Coastal species richness peaks here across multiple taxa (Roberts et al. 2002; Reaka et al.
2008; Polidoro et al. 2010; Tittensor et al. 2010; Bellwood et al. 2012; Goulding and Dayrat
2023), supporting their designation. However, our species richness results align with global
analyses that identify Taiwan and Japan as major hotspots of species richness (Lucifora et
al. 2011; Stein et al. 2018; Dulvy et al. 2021). This mismatch was reflected in our findings,
with most of the D2 — Diversity ISRAs (62.5% of their total extent), in West Papua, overlap-
ping with areas of relatively low chondrichthyan richness. This can partially be explained
by underlying data sources used in the D2 analyses, where the full extent of some species’
geographic range may not have been mapped or where new information used to delineate
ISRAs includes range expansions. They also suggest that global richness patterns differ for
coastal compared to deepsea species, with the latter peaking in the northwestern Pacific
(Finucci et al. 2024). Improving distributional data will be essential for capturing and inter-
preting these diversity patterns.

Deepwater and range-restricted chondrichthyan species are also poorly represented,
despite Asia being a global hotpot for these two groups (Stein et al. 2018; Dulvy et al.
2021). Only 12% of deepwater (Kyne and Simpfendorfer 2010) and 21% of range-restricted
(IUCN SSC SSG 2023a) species occurring in the region are included in ISRAs. Shortfalls
include: (1) only two deepwater ISRAs (Taikyusone Seamount in Japan, Turtle-Northern
Islands in Taiwan) occur in the highest deepwater species richness zones (Dulvy et al.
2021); (2) only two ISRAs provide relatively limited spatial coverage of the highest range-
restricted species richness zone (the Palk Strait in India/Sri Lanka); and (3) only one ISRA
has been delineated for chimaeras, despite the East China Sea being a global hotspot for
chimaera richness (Finucci et al. 2021). With 39% of range-restricted species threatened,
improved representation will require cross-jurisdictional collaboration (e.g., in India—Sri
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Lanka; Japan—China—Chinese Taipei; Brunei Darussalam—Malaysia). Further, with several
deepwater species experiencing steep population declines (Garcia et al. 2008; Finucci et al.
2024), precautionary fishing depth limits and restrictions on seabed mining could protect
vulnerable habitats as fishing expands into deeper waters (Finucci et al. 2024).

Freshwater habitats were substantially underrepresented. Only two inland ISRAs were
delineated, despite Asia hosting some of the world’s largest river systems. Limited life-
history data prevented the application of ISRA Criterion C for most freshwater species. Yet
these species face severe threats from fisheries, pollution, damming, and land-use change,
particularly linked to hydropower and palm oil expansion (Fitzherbert et al. 2008; Kyne and
Lucifora 2022; Mather et al. 2023). In the Mekong River, where one freshwater ISRA was
identified, hydropower expansion compounds pressures from the world’s largest inland fish-
ery (Baran and Myschowoda 2009; Winemiller et al. 2016; Lee et al. 2023). Given~88%
declines in large-bodied freshwater taxa since the 1970s (Dudgeon et al. 2006; He et al.
2019; Sayer et al. 2025), urgent data collection and targeted ISRA delineation in rivers are
needed, especially considering the small area that overlaps with inland protected areas (60
km?).

Recommendations and future priorities

ISRAs identified in Asia face a range of dynamic and cumulative pressures, including fish-
ing, habitat degradation, and the accelerated impacts of climate change. Strengthening their
conservation impact will require urgent, regionally coordinated action (Table 4). Main-
streaming ISRAs into national spatial planning, fisheries management, and MPA expansion
strategies is essential to align with biodiversity targets such as KMGBF Target 3. Embed-
ding ISRAs into NBSAPs, NPOAs, and other governance mechanisms would provide a
consistent evidence base for accelerating conservation, while long-term monitoring, sup-
ported by citizen science and fisheries data, should enable regular reassessment and capture
ecological change.

Research must also address significant data gaps. Priorities include expanding ISRA
delineation into underrepresented jurisdictions (including the eight jurisdictions without
any ISRAs), conducting systematic surveys at the 45 Areas of Interest identified across Asia
(Jabado et al. 2024b), and improving coverage for range-restricted, freshwater, deepwater
species, and chimaeras. While the recommendations outlined here would improve conser-
vation and management outcomes, funding and governance constraints may impact their
implementation. Future ISRA delineation should anticipate climate-driven range shifts and
connectivity needs, ensuring networks remain adaptive and ecologically coherent. Inclu-
sive and community-based approaches are central to long-term success. Local engagement,
socio-economic incentives, and co-management are critical for fostering stewardship and
securing legitimacy. Well-managed MPAs and OECMs show how conservation can deliver
ecological and economic benefits (Rechberger et al. 2025), and integrating ISRAs within
such frameworks will ensure protection is both scientifically robust and socially grounded.
Together, these actions highlight the need to expand area-based conservation, close data
gaps, and strengthen stewardship to safeguard the well-known and overlooked imperiled
shark and ray assemblages in Asia.
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