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ABSTRACT
The Western Indian Ocean (WIO) is known for its high diversity of chondrichthyans (sharks, rays, and chimaeras). However, 
intense fishing pressure has led to severe population declines and local extinctions of several species. The Important Shark and 
Ray Area (ISRA) process is a collaborative, evidence-based approach used to identify critical habitat for chondrichthyans. We 
analysed ISRAs across the WIO to quantify the diversity of research methods used to identify them, evaluate spatial overlap with 
designated marine protected areas (MPAs), model the influence of several species- and jurisdiction-specific variables on ISRA 
delineation, and explore the importance of incorporating unpublished data into the delineation process. In total, 125 ISRAs 
(covering > 2.8 million km2; ~10% of total regional surface area) were identified within the WIO from surface waters to ~2000 m 
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depth. These ISRAs contain over one-third (n = 104, 39%) of the 270 chondrichthyan species reported from the region, with 76% 
being threatened with extinction according to the IUCN Red List of Threatened Species. The underlying evidence supporting 
ISRA identification was primarily drawn from relatively inexpensive research methods, such as visual census (25%) or fish-
market/landing site surveys (22.6%), as well as citizen science (9.5%). Incorporating unpublished records substantially increased 
the frequency of ISRA delineation, leading to expanded taxonomic and geographic coverage. Still, the full dataset was influenced 
by the same biases as the published record, tending to favour large-bodied, wide-ranging, and shallow-dwelling species. Only 
7.1% of ISRAs are within designated MPAs, with just 1.2% in fully protected no-take areas. The highest no-take overlap occurs in 
the Seychelles and Chagos Archipelago. These findings highlight the shortfalls in spatial protection of chondrichthyan habitats, 
but also present a strategic opportunity for policy-makers and resource managers to improve current MPA coverage and meet 
their commitments under international agreements, such as the Global Biodiversity Framework.

1   |   Introduction

Ongoing biodiversity loss driven by human activities has been 
described as the onset of a sixth global mass extinction (Cowie 
et  al.  2022), with the recent disappearance of particularly vul-
nerable species potentially foreshadowing broader losses (Keck 
et al. 2025). Many chondrichthyans (sharks, rays, and chimaeras) 
are experiencing severe population declines primarily caused 
by overfishing, with the global abundance of the entire class re-
duced by half since 1970 (Dulvy et  al.  2024). Chondrichthyans 
now represent the second-most threatened class of vertebrates 
after amphibians, with over one-third (37.5%) of species consid-
ered threatened with extinction (Dulvy et al. 2021; IUCN 2025). 
In the past 25 years, only three of the 1250+ chondrichthyan spe-
cies assessed globally have exhibited sufficient recoveries to justify 
improving their global extinction risk status (Dulvy et  al.  2024; 
IUCN 2025). However, these cases are overshadowed by that of the 
Java stingaree Urolophus javanicus, which was assessed as Extinct 
in March 2023 (Constance et al. 2023), marking the first recorded 
marine fish extinction directly linked to human activities. Further, 
the lost shark Carcharhinus obsoletus and the Red Sea torpedo 
Torpedo suessii have been assessed as Critically Endangered—
Possibly Extinct (White et al. 2019; Dulvy et al. 2020; Constance 
et al. 2024). All three species were/are characterised by geograph-
ically restricted distributions occurring in regions subject to pro-
longed and intensive fishing activities, with little management and 
insufficient data collection (Jabado et al. 2018; IUCN 2025).

The Western Indian Ocean (WIO) accounts for ~8% of the 
world's ocean area, exhibits rich faunal diversity with high en-
demism, and provides livelihood and food for millions of people 
through marine fisheries (e.g., van der Elst et  al.  2005; Wafar 
et al. 2011; Bullock et al. 2021). The region is also considered a 
global ‘dark spot’ for chondrichthyan conservation, whereby its 
high chondrichthyan diversity is coupled with elevated fishing 
pressure, resulting in severe population declines for many spe-
cies (Jabado et al.  2018; Dulvy et al. 2024; Pollom et al. 2024; 
Osuka et al. 2025). Almost half (45%) of the 270 chondrichthyan 
species in the WIO are considered threatened with extinction, 
according to the IUCN Red List of Threatened Species (Jabado 
et al. 2018; Pollom et al. 2024; IUCN 2025), representing a higher 
proportion of threatened species than the most recent global es-
timate (Dulvy et al. 2021). This includes 28 species (10%) con-
sidered Critically Endangered, illustrating the acute risk faced 
by several taxa in the region. The heightened vulnerability of 
WIO chondrichthyans is driven largely by political and manage-
ment factors: widespread artisanal and industrial fishing with 

limited regulation, harmful subsidies, weak enforcement ca-
pacity across many jurisdictions, and heavy reliance on sharks 
and rays for food and livelihoods (Jabado et  al.  2018; Temple 
et al. 2018; Bennett et al. 2022; Pollom et al. 2024). These pres-
sures are compounded by some of the highest estimated rates 
of illegal, unreported, and unregulated (IUU) fishing globally 
(Agnew et al. 2009). Indeed, recent analyses suggest more than 
a third of fishing effort in the Southwest Indian Ocean may 
be IUU, representing annual losses exceeding US$142 million 
(WWF  2023). These factors, among others, place many WIO 
chondrichthyan stocks under unsustainable pressure, contribut-
ing to the widespread population declines already documented 
in the region (Jabado et al. 2018; Dulvy et al. 2021, 2024; Pollom 
et al. 2024).

Developing and implementing effective management measures 
for chondrichthyans in this region is hindered by the diverse ecol-
ogies and conservation needs among species as well as the wide 
variation in socio-economic and governance capacity across re-
gional jurisdictions (van der Elst et  al.  2005; Wafar et  al.  2011; 
Dulvy et  al.  2017; Samoilys et  al.  2025). Fisheries management, 
research capacity, and data availability vary widely across this 
region (Bennett et al. 2022). To improve the regional knowledge 
base on chondrichthyans, scientists along with non-academic 
stakeholders have employed a wide variety of research methods, 
including visual census (e.g., O'Connor and Cullain 2021), landing 
site surveys (e.g., Henderson et al. 2007), surveys of local ecologi-
cal knowledge (e.g., Almojil 2021), citizen science initiatives (e.g., 
Wambiji et  al.  2022), electronic tracking of animal movements 
(e.g., Daly et  al.  2023), and remote video systems (e.g., Mateos-
Molina et al. 2024) to collect data within the region. Still, research 
effort is not evenly distributed among jurisdictions (e.g., Cochran 
et al. 2024) and much of the available ecological data remain un-
published and inaccessible to the wider research and conservation 
communities (Purgar et al. 2022).

Integrating existing data and knowledge from diverse 
sources is essential for ensuring a robust knowledge base to 
guide evidence-based management, threat assessments, and 
conservation actions. Information on the function and dis-
tribution of critical chondrichthyan habitat is especially im-
portant for area-based management strategies such as Marine 
Protected Areas (MPAs) (UNEP-Nairobi Convention and 
WIOMSA  2021; Hyde et  al.  2022). Area-based management 
strategies are ideal for conserving highly resident species, but 
for mobile or migratory species, their effectiveness depends 
on capturing critical life-history areas (including migration 
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corridors) and ensuring connectivity across regular and pre-
dictable key habitats (Osieck et  al. 1981; Knip et  al.  2012; 
Hoyt and Notarbartolo di Sciara  2021; Goetze et  al.  2024). 
Chondrichthyans have not usually been prioritised in MPA 
design and this, along with the limited available data, has 
contributed to a mismatch between the boundaries of MPAs 
and the habitats essential for key life-history processes of 
these species (Hyde et  al.  2022; Faure-Beaulieu et  al.  2023; 
Mouton et al. 2024). In the WIO, this disparity is further com-
pounded by the fact that most current MPAs are located in 
shallow waters and are primarily designed to conserve coral 
reef ecosystems (UNEP-Nairobi Convention and WIOMSA 
2021). Although these may offer some protection for coastal or 
reef-associated chondrichthyan species, such MPAs likely pro-
vide only partial or no protection for species with geographic 
ranges that regularly or ontogenetically extend to offshore and 
deepwater habitats (Dwyer et al. 2020; Samoilys et al. 2025).

Ongoing international efforts to expand global MPA coverage 
and enhance MPA network connectivity represent an oppor-
tunity to improve conservation potential for threatened chon-
drichthyans. For instance, Target 3 of the Kunming-Montreal 
Global Biodiversity Framework (GBF) aims to conserve and 
manage at least 30% of marine habitat through protected areas 
and other effective area-based conservation measures by 2030 
(CBD 2022). To encourage the inclusion of high-priority, ecolog-
ically important areas for chondrichthyan species into national 
marine spatial planning processes, the IUCN Species Survival 
Commission Shark Specialist Group (IUCN SSC SSG) launched 
the Important Shark and Ray Areas (ISRA) initiative (Hyde 
et al. 2022). The ISRA process is a collaborative, evidence-based 
approach used to identify ‘discrete, three-dimensional portions 
of habitat, important for one or more chondrichthyan species, 
that are delineated and have the potential to be managed for con-
servation’ (Hyde et al. 2022). ISRAs parallel other taxon-specific 
approaches such as Important Bird Areas (Donald et al. 2019) 
and Important Marine Mammal Areas (Tetley et  al.  2022), 
but apply this model to chondrichthyans (Hyde et  al.  2022). 
Unlike broader frameworks such as Key Biodiversity Areas 
(IUCN 2016) and Ecologically or Biologically Significant Marine 
Areas (Clark et al. 2014), which identify sites of significance for 
overall biodiversity, ISRAs highlight habitats that are uniquely 
critical to chondrichthyan survival and life history (e.g., repro-
ductive areas, feeding areas, migratory corridors). In this way, 
ISRAs complement existing biodiversity prioritisation tools by 
ensuring that the needs of chondrichthyans are explicitly in-
corporated into area-based planning (Hyde et  al.  2022; Boyd 
et al. 2025).

ISRA delineation employs a set of criteria developed specifically 
to represent chondrichthyan vulnerability, geographic ranges, 
life-history, distinctiveness, and diversity (Hyde et  al.  2022). 
Although not legally binding, ISRAs offer a powerful tool to 
support area-based management and facilitate conservation ac-
tions tailored to species' needs (Mouton et al. 2024). The process 
of identifying ISRAs through regional collaboration can guide 
the development of targeted management actions, such as fish-
eries regulations, enforcement priorities, or the establishment 
of protected areas, enabling measures that are both ecologically 
relevant and applicable to the specific socio-economic context 
of each jurisdiction (Hyde et al. 2022; Mouton et al. 2024). This 

process is ongoing, with delineations now complete for 9 of the 
13 ISRA regions (https://​shark​rayar​eas.​org/​e-​atlas/​​). Here, we 
describe and analyse ISRAs delineated within the WIO by: (1) 
summarising the ISRA Criteria applied by species and juris-
diction, (2) evaluating the research methods used to collect the 
underlying evidence, (3) assessing the relative contributions of 
published and unpublished information, (4) quantifying the 
overlap of each ISRA with spatial features such as Exclusive 
Economic Zones (EEZs), MPAs, and known species ranges 
within the WIO, and (5) examining the effects of species and 
jurisdictional influences on the delineation of ISRAs in the re-
gion. Our findings demonstrate the value of ISRAs both as key 
sites for expanding research and as actionable spatial guidance 
for national marine spatial planning, regional fisheries manage-
ment, and global biodiversity frameworks such as the GBF.

2   |   Methods

2.1   |   Study Area

The WIO (as defined through the ISRA process; IUCN SSC 
SSG 2024) covers more than 28 million km2, encompassing 29 
national jurisdictions and Areas Beyond National Jurisdiction 
(ABNJ; Figure 1). This region extends from approximately 20° N 
to 35° S and from 20° E to 80° E, bounded to the west from the 
KwaZulu-Natal Province (east coast of South Africa) to the 
northern most point of the Red Sea and extending eastward 
through the Arabian Sea and the Arabian/Persian Gulf to the 
southern tip of the Indian subcontinent and the Maldives and 
Chagos Archipelagos. The study area largely aligns with the 
Food and Agriculture Organisation of the United Nations (FAO) 
Fishing Area 51, with marginal expansions to fully encompass 
four Large Marine Ecosystems (LMEs): the Red Sea, the Arabian 
Sea, the Somali Current, and the Agulhas Current (Sherman and 
Duda 1999). These LMEs incorporate major oceanographic fea-
tures that influence chondrichthyan distributions, including the 
Somali Current and seasonal upwelling system, the East African 
Coastal Current, the Mozambique Channel eddy system, and 
the Agulhas retroflection. Habitats across the WIO are equally 
diverse, ranging from inshore estuarine and riverine systems 
(e.g., the Rufiji delta, Tana River, and Pagani estuary), extensive 
coral reefs (e.g., northern Mozambique, Comoros, Seychelles, 
Madagascar), to large mangrove and seagrass complexes (e.g., 
Kenya, Tanzania, Madagascar), broad continental shelf areas 
(e.g., Somalia, Mozambique), and deep-sea habitats including 
seamounts and submarine canyons (Jabado et al. 2023).

Chondrichthyan species across the WIO occupy a wide variety 
of these habitat types that can be broadly classified into coastal 
(n = 137 species, 51%) (Sherman et  al.  2023), pelagic (n = 27 
species, 10%) (Pacoureau et  al.  2021), and deepwater environ-
ments > 200 m depth (n = 106 species, 39%) (Finucci et al. 2024). 
Overall, there are 270 chondrichthyan species from 54 fam-
ilies with confirmed reports from this region, comprising 147 
sharks, 114 rays, and nine chimaeras and representing ~21% of 
total global chondrichthyan diversity (Weigmann et  al. 2024; 
IUCN  2025). Almost half of these species (n = 123, 46%) are 
currently threatened with extinction, with 28 (10%) classified 
as Critically Endangered, 48 (18%) as Endangered, and 47 (17%) 
as Vulnerable. The remaining 147 species are assessed as either 

https://sharkrayareas.org/e-atlas/
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Near Threatened (n = 34, 13%), Least Concern (n = 68, 25%), or 
Data Deficient (n = 45, 17%) (IUCN 2025).

2.2   |   ISRA Delineation

The WIO was the third of 13 regions considered in the ISRA pro-
cess, with a workshop held in Durban, South Africa, in September 
2023. In total, 237 experts contributed to the ISRA process in this 
region, either in person or online, collating contemporary infor-
mation (collected within the last 15 years) and proposing can-
didate ISRAs to be evaluated by an Independent Review Panel 
through a structured process. Each proposal was assessed against 
the ISRA Criteria by at least two experts, with supporting evi-
dence assessed against minimum thresholds (as outlined in Hyde 
et al. 2022 and IUCN SSC SSG 2024), and final decisions on the 
status of a proposal were made by the Chair of the Independent 
Review Panel. Delineation of an ISRA depended on the success-
ful application of one or more of the ISRA Criteria encompassing: 
Vulnerability (Criterion A), Range Restricted (Criterion B), Life-
History (Criterion C), and Special Attributes (Criterion D) (Hyde 
et al. 2022). ISRA Criteria C and D are further divided into seven 

sub-criteria: Reproductive Areas (C1), Feeding Areas (C2), Resting 
Areas (C3), Movement Areas (C4), Undefined Aggregations (C5), 
Distinctiveness (D1), and Diversity (D2). Should the ISRA Criteria 
be successfully applied to a species, it is included as a ‘Qualifying 
Species’ in the respective ISRA.

Criterion A (Vulnerability) requires that at least one additional cri-
terion be met for ISRA delineation, whereas Criterion B (Range 
Restricted) or Sub-criterion D2 (Diversity) depends on the restric-
tion or overlap of a species' geographic range, respectively (Hyde 
et al. 2022). To qualify under Criterion B (Range Restricted), a spe-
cies needs to have a geographic range almost entirely confined to 
two or fewer LMEs, noting that in some cases allowances were 
made on a case-by-case basis for marginal presence in a third 
LME. Areas delineated under Sub-criterion D2 needed to meet a 
minimum threshold of 22 Qualifying Species within an area. This 
region-specific threshold was determined by calculating 30% of 
the maximum species richness observed across the WIO region 
using a 1 km × 1 km grid (IUCN SSC SSG 2024).

Species richness was estimated by overlaying the geographic 
ranges of individual species within the region, as defined by their 

FIGURE 1    |    The Western Indian Ocean Important Shark and Ray Areas (ISRAs) region (black outline), with the 125 ISRAs (red), and Exclusive 
Economic Zones (EEZs; violet-grey). Each country and major territory is labelled, either in the main regional map (a), or in the inset maps of the 
Arabian Peninsula (b) and Madagascar and the surrounding Islands (c). Maritime areas outside of the marked EEZs are considered Areas Beyond 
National Jurisdiction (ABNJ). Finer resolution imagery of individual ISRAs within the region is available via the interactive ISRA eAtlas available 
here. The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of 
the authors concerning the legal status of any country or territory or the delimitation of its frontiers and boundaries.

https://sharkrayareas.org/e-atlas/
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IUCN Red List assessments, and summing the presence of each 
species within each grid cell. To calculate species richness, the geo-
graphic ranges for non-pelagic species were refined to their known 
bathymetric limits according to the IUCN Red List (IUCN 2025) 
and Ebert et al. (2021). All overlap analyses were performed using 
the intersect tool on ArcGIS Pro 3.4 (Esri 2024), and the calculate 
geometry tool was used to calculate surface area in the Cylindrical 
Equal Area—ESRI 53034 projection. All respective ISRAs were 
merged into a single polygon to ensure surface area for overlap-
ping areas was not counted twice. Each proposed area accepted 
by the independent review panel was documented in a factsheet 
available on the ISRA eAtlas (https://​shark​rayar​eas.​org/​e-​atlas/​​). 
These factsheets detail the boundaries of the area, key habitat fea-
tures, Qualifying Species, the respective ISRA Criteria met, and a 
comprehensive list of the sources used to support the delineation 
of the area. Full methodological details of the ISRA process are 
publicly available in Hyde et  al.  (2022) and the ISRA Guidance 
Document (IUCN SSC SSG 2024).

2.3   |   Classification of Research Methods

Cited research methods were extracted from the ISRA factsheets 
and grouped into 12 categories comprising: scientific fishing, 
fish-market/landing-site surveys, fisheries observer/logbook 
data, citizen science, local ecological knowledge, informal re-
searcher observations, electronic tracking, mark-recapture, 
visual census, remote video, aerial surveys, and biochemical 
analysis. Descriptions of each research method are available in 
the Supporting Information (Table  S1). Each research method 
was counted once for each unique combination of ISRA, 
Qualifying Species, and Criterion (ISRA-Species-Criterion com-
binations), regardless of the number of publications or unpub-
lished datasets referenced. Research methods used to justify 
multiple criteria or species within an ISRA were counted sepa-
rately for each. The information used to apply the ISRA Criteria 
was categorised as either ‘published information’, ‘unpublished 
information’, or ‘mixed information’ (where both published and 
unpublished information were used, regardless of whether the 
references were skewed toward either publication type). Only 
peer-reviewed journal publications and textbook chapters were 
considered as published research for this analysis. Internal re-
ports, preprinted research, government documents, academic 
theses/dissertations, local, and other grey literature were all 
considered unpublished sources. Information relating to ISRA 
Criterion A was excluded from the analysis because it exclu-
sively referenced the respective species' global IUCN Red List 
assessment.

2.4   |   Spatial Overlap Analyses

The ISRA Criterion B Range Restricted and Sub-criterion D2 
Diversity depend on set thresholds of the Qualifying Species' 
geographic range size or overlap as described above. Not all 
species or locations that hypothetically met these thresholds 
had sufficient information to delineate an ISRA. To be consid-
ered a Qualifying Species, a species needs to occur in the de-
lineated area ‘regularly and/or predictably’. Therefore, based on 
data availability, only a subset of species with a restricted geo-
graphic range, and only a subset of locations with high species 

diversity, met these ISRA Criteria. To assess these spatial gaps 
in data availability, a series of overlap analyses compared the 
location of delineated ISRAs to species' geographic ranges that 
theoretically met the conditions to qualify under Criterion B 
Range Restricted. Similar analyses were used to compare the 
delineated ISRAs to locations that met the regional diversity 
threshold and could potentially qualify under Sub-criterion D2 
Diversity. Comparisons were quantified as a percentage overlap 
between the respective species' geographic range, potentially di-
verse areas, and the delineated ISRAs.

Overlap analyses were also used to compare the distribution of 
ISRAs with EEZs and designated MPAs. The EEZ data were taken 
from the World Maritime Boundaries dataset published and up-
dated by the Flanders Marine Institute (Claus et al. 2014). Most 
of the spatial layers from protected areas in the Western Indian 
Ocean region were retrieved from the World Database on Protected 
Areas (WDPA) (UNEP-WCMC and IUCN  2025) in May 2025. 
Each polygon was clipped to retain only the aquatic area within 
the WIO region, using the same landmass that was used to define 
the ISRA boundaries (OpenStreetMap Contributors 2024). From 
the WDPA dataset, areas with the following two attributes were 
excluded: (1) predominantly or entirely terrestrial (indicated by a 
zero value in the Marine field of the database); and (2) international 
designations, such as World Heritage Sites (UNEP-WCMC 2019; 
Grorud-Colvert et  al.  2021). India does not report MPAs to the 
WDPA. Spatial data for India were sourced directly through con-
tributors to the ISRA process, and the information gathered was 
cross-referenced with the list of MPAs included on the Ministry 
of Environment and Forests government website (https://​wiien​vis.​
nic.​in/​datab​ase/​mpa_​8098.​aspx). An updated list of no take status 
for protected areas in Mauritius was also provided by contributors.

To classify MPAs based on their level of protection, they were cat-
egorised into two groups: no-take MPAs, where all extractive ac-
tivities are prohibited (aligned with IUCN categories I, II, or III, 
as per Day et al. 2019), and partial MPAs (also known as multiple-
use MPAs), which allow some extractive activities and align with 
IUCN categories IV, V, VI, or other classification types. The IUCN 
categories for each MPA are reported in the WDPA. MPAs that 
do not report their IUCN categories to WDPA were classified as 
partial MPAs. Overlapping polygons were merged to avoid double-
counting surface area. Surface area was recalculated for all spatial 
layers under the World Cylindrical Equal Area projection. The 
percentage area and number of ISRAs overlapping with MPAs 
at two designation levels (partial and no-take MPAs) were mea-
sured. To evaluate the coverage of MPAs in each jurisdiction and 
determine the expansion needed to meet Target 3 of the Kunming-
Montreal GBF (CBD 2022), we analysed the proportion of EEZ, as 
determined by the UN Convention on Law of the Sea (UNCLOS), 
covered by both no-take and partial MPAs.

2.5   |   Factors Influencing ISRA Delineation

The taxonomic and geographic distribution of published re-
search is known to be influenced by several species-specific 
and socio-economic factors (Ducatez  2019). To evaluate the 
relationships between factors of interest and the probability 
and frequency of ISRA delineation for species and jurisdic-
tions, including to what degree these relationships change in 

https://sharkrayareas.org/e-atlas/
https://wiienvis.nic.in/database/mpa_8098.aspx
https://wiienvis.nic.in/database/mpa_8098.aspx
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response to the incorporation of unpublished data into the 
ISRA process, a hurdle modelling approach was employed 
(Cragg 1971; Welsh et al. 1996). Species models explored maxi-
mum body size (in cm), geographic range area within the WIO 
(in km2), and median depth (in m) as predictor variables. Body 
size data were measured using taxa-specific conventions: 
total length (TL) for most sharks and rays (Last et  al.  2016; 
Ebert et al. 2021), disc width (DW) for Myliobatiformes (Last 
et al. 2016), and body length (BDL) for chimaeras (Compagno 
et al. 1990). All species data were extracted from global IUCN 
Red List assessments (IUCN  2025). The jurisdiction model 
used EEZ area (Claus et  al.  2014), national chondrichthyan 
species richness (quantified as the number of IUCN species 
distributions overlapping with the portion of each jurisdic-
tion's EEZ within the WIO region), and gross domestic prod-
uct (GDP; World Bank Data 2024).

At the first stage (i.e., the hurdle component), models assessed 
the probability of delineating at least one ISRA for each of the 
270 chondrichthyan species or 29 jurisdictions within the WIO. 
Subsequently, and conditional on the existence of at least one 
ISRA, they then modelled the total number of ISRAs delineated 
(i.e., the count component). The hurdle component of the model 
used the binomial distribution, and the count component of the 
model assumed a truncated negative binomial distribution in 
the number of ISRAs. Models were formulated as only the in-
teraction of the variables of interest and the level of unpublished 
data incorporated i.e., (1) using only published sources, (2) using 
published and mixed sources, and (3) using the full dataset (pub-
lished, unpublished, and mixed sources). Main effects were not 
modelled. Models were run separately for each variable of inter-
est because the low number of replicates available for jurisdiction 
meant that combined analyses led to model overparameter-
ization. This approach was maintained for the species models 
to ensure consistency. We conducted post hoc comparisons to 
identify any significant changes in the relationships between 
species-specific and/or socio-economic factors and the probabil-
ity and frequency of ISRA delineation associated with the incor-
poration of unpublished data into the ISRA process. Integration 
of jurisdiction and species as random effects was considered but 
in both cases within-group variation was small, particularly in 
the hurdle component, leading to unstable parameter estimates 
and/or models failing to converge. The Holm-Bonferroni correc-
tion (Holm 1979) was applied to adjust for multiple comparisons 
and the resultant elevated risk of false positives. Modelling was 
performed in R v4.1.0 (R Core Team 2021) using glmmTMB and 
emmeans, model residual distributions were visually inspected 
using DHARMa.

3   |   Results

3.1   |   ISRA Delineation

Of the 135 proposals reviewed by the Independent Review 
Panel, 125 had sufficient information available to be formally 
delineated as ISRAs within the WIO region (Jabado et al. 2023), 
covering more than 2.8 million km2 (~10%) of the WIO region's 
total surface area (Figure  1). The finalised ISRAs ranged in 
size from < 1 km2 to nearly 724,577 km2 (mean ± SD = 33,68

3 ± 185,604 km2) and were delineated from surface waters to 
nearly 2000 m depth (mean = 242 ± 400 m). The ISRAs included 
104 Qualifying Species, representing 38.7% of all species re-
ported from the region. Most ISRAs (n = 76, 61%) were delin-
eated for multiple species (mean = 3.3 ± 4.3 species), and most 
Qualifying Species (58%) were included in more than one ISRA 
(mean = 4 ± 5.8 ISRAs), resulting in 417 unique combinations of 
ISRAs and Qualifying Species (hereafter: ISRA-Species combi-
nations) (Figure 2).

The 104 Qualifying Species comprised 52 sharks (35% of the 
regional diversity), 51 rays (45%), and one chimaera (11%). 
Examining the broad habitat classifications among species 
showed that pelagic species were well represented, with 20 
Qualifying Species (74% of the regional total) and 131 ISRA-
Species combinations. Roughly half (52%) of the coastal species 
known from the region were included as Qualifying Species, 
with 271 ISRA-Species combinations. Only 13 (12%) of the 106 
deepwater species known from the WIO had sufficient contem-
porary information to delineate an ISRA, resulting in 15 unique 
ISRA-Species combinations. The majority of Qualifying Species 
(n = 79, 76%) were considered threatened with extinction ac-
cording to the IUCN Red List and qualified under Criterion A 
Vulnerability. Twenty-eight species (27% of Qualifying Species) 
were considered range-restricted, qualifying under Criterion B. 
Most ISRAs (n = 123, 98%) were delineated under Criterion C 
for their importance to the critical life-history processes of 78 
Qualifying Species. Twelve areas were delineated for Special 
Attributes (Criterion D) of 49 Qualifying Species.

3.2   |   Classification of Research Methods

The 12 research methods considered here (Table S1) were applied 
a total of 736 times across the unique ISRA-Species-Criterion 
combinations (n = 861, n = 480 after excluding Criterion A from 
the analysis). The total frequency of each research method ap-
plied across the entire WIO ranged between 3 and 184 instances 
(mean = 61.3 ± 54.9). The most frequently used research meth-
ods included visual census (n = 184), fish-market/landing-site 
surveys (n = 167), mark-recapture (n = 71), and citizen science 
(n = 70) (Figure 3). The least frequently used research methods 
were informal researcher observations (n = 23), aerial surveys 
(n = 9), and biochemical analyses (n = 3). Overall, the four most 
common research methods were prevalent for all ISRA Criteria 
(ranging from 38% of references for Movement Areas [Sub-
criterion C4] to 76% for Diversity [Sub-criterion D2]). Visual 
census was the most common method for delineating Feeding 
Areas (Sub-criterion C2, 33%), Resting Areas (Sub-criterion 
C3, 39%), Undefined Aggregations (Sub-criterion C5, 72%), and 
Distinctiveness (Sub-criterion D1, 52%). Fish-market/landing-
site surveys were the most frequently used method for support-
ing Range Restricted (Criterion B, 38%), Reproductive Areas 
(Sub-criterion C1, 36%), and Diversity (Sub-criterion D2, 51%). 
Movement Areas (Sub-criterion C4) were most frequently delin-
eated using electronic tracking (n = 16, 55%), a method that sup-
ported the delineation of few ISRAs under other ISRA Criteria.

The 736 applications of research methods were further catego-
rised as published (n = 226, 31%), unpublished (n = 347, 47%), 
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or mixed (n = 163, 22%). When examining the distribution 
of the different data types among the 125 ISRAs, 20 ISRAs 
(16%) were based exclusively on published data compared to 
56 ISRAs (45%) that relied exclusively on unpublished data, 
and 49 ISRAs (39%) were delineated using mixed information 
(Figure  3). Most research methods were skewed toward one 
of the publication categories, and infrequently used meth-
ods, such as biochemical analyses (100% published) or aerial 
surveys (89% unpublished), exhibited the highest skewness. 
However, some of the most common methods also showed 
clear tendencies toward one type of data over the others, 
including visual census (65% unpublished), fish-market/
landing-site surveys (54% mixed), or citizen science (83% 
unpublished).

3.3   |   Spatial Overlap Analyses

Of the 270 chondrichthyan species assessed in the WIO, 117 
(43%) had sufficiently confined distributions to potentially qual-
ify as range-restricted. However, only 28 (23%) of these species 
had adequate contemporary information to apply Criterion B. 
Among these, 22 species (79%) were delineated within single 
ISRAs, often encompassing substantial portions of their respec-
tive global ranges (mean = 16.6 ± 25.3%), while the remaining 
six were associated with multiple ISRAs (mean = 15.9 ± 26.1% 
coverage of global ranges) (see SI Figure  1). These findings 
underscore both the scarcity of actionable data for most range-
restricted species in the WIO and the reliance of those with 
data on delineated ISRAs. For example, the entire known (but 

FIGURE 2    |    The distribution of ISRA-Species combinations among chondrichthyan families found in the Western Indian Ocean. Numbers in 
parentheses next to each family name denote the number of species within that family that occur in the region. Chimaeras are shown in light green, 
rays in teal, and sharks in blue.
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poorly documented) range of the eastern dwarf false catshark 
Planonasus indicus and over half of the better-defined range of 
the flapnose houndshark Scylliogaleus quecketti were contained 
within ISRAs.

Similar spatial analysis identified 1,118,331 km2 (4% of the WIO) 
as potentially meeting the species richness threshold (≥ 22 
Qualifying Species) for Sub-criterion D2 (Diversity). However, 
only four ISRAs covering 33,300 km2 (3% of potential area, 
0.001% of regional waters) were delineated under this Sub-
criterion. Still, these areas encompassed 23–24 species each, 
including 48 unique species and 94 ISRA-Species combinations 
between them. Although another 217,703 km2 of potentially di-
verse habitat was delineated under other Criteria (bringing the 
total coverage up to 251,003 km2 or 22% of potential Diversity 
areas), the contrast between theoretical richness and confirmed 
Diversity ISRAs illustrates both the high thresholds needed 
to apply this Sub-criterion and the current data limitations in 
the WIO.

The World Maritime Boundaries dataset contained 39 EEZs for 
the WIO, including 31 that were undisputed and administered 
by one of the region's 29 national jurisdictions. The remaining 
eight were associated with disputed territories. Collectively, re-
gional EEZs encompass more than 12 million km2, or approxi-
mately 43% of the region's surface area, with the remaining 57% 
representing ABNJ. Analysis of the overlap between the EEZs 
and delineated ISRAs showed that most of the overall ISRA 
area (1,917,700 km2, 67.59%) was located in ABNJ. However, 
the majority of individual ISRAs at least partially overlapped 
with one or more national jurisdictions (n = 122 ISRAs, 98%), 
though the number of ISRAs within each jurisdiction varied 
from none in Jordan to 27 in the Maldives (mean = 4.62 ± 4.94 
ISRAs per country). The overlap analysis also identified eight 
multi-jurisdictional ISRAs (with 2–6 associated jurisdictions 
per ISRA) and seven in areas with overlapping jurisdictional 
claims. Accounting for all of these factors yielded a final total of 

143 unique pairings of ISRA and jurisdiction (hereafter: ISRA-
Jurisdiction combinations).

The 366 protected areas in the WIO encompass nearly 1.8 million 
km2 (6.4%) of the regional ocean surface area. Over two-thirds 
(69%) of the protected areas permit some level of fishing activ-
ity and are classified as partial MPAs (n = 253, ~940,000 km2), 
while 31% are designated as no-take (n = 113; ~850,000 km2) 
(Figure  4). The overlap between existing MPAs (n = 121) and 
delineated ISRAs (n = 65) was limited to just 7.1% of the over-
all ISRA area and 11.3% of the overall MPA area. Only 1.2% 
(22,201.5 km2) of ISRAs overlapped with no-take MPAs. Most of 
this overlap was within the Seychelles (98.1%, 21,814 km2), fol-
lowed by the Chagos Archipelago (1.3%, 295.1 km2) (Figure 5). 
The remaining overlap between ISRA and no-take MPAs was 
across 10 jurisdictions. There were 180,453 km2 of overlap be-
tween ISRAs and partial MPAs (10.1% of the total MPA cov-
erage) in 19 jurisdictions. Of this, most of the overlap of ISRA 
and partial MPAs (88.3%, 159,336 km2) was within Amsterdam 
and Saint Paul Islands (56.9%, 102,588 km2), Seychelles (21.6%, 
38,889 km2), and Oman (9.9%, 17,859 km2). As there are no desig-
nated MPAs in ABNJ, no overlap occurred with the 102,400 km2 
of ISRAs delineated there.

3.4   |   Factors Influencing ISRA Delineation

The use of mixed and unpublished information substantially im-
proved the potential to apply the ISRA Criteria, resulting in higher 
numbers of species and ISRA-Species combinations (Figure 6a–c). 
Only 50% of Qualifying Species (52 of 104) were supported by 
published information alone (Figure 6b). An additional 41 species 
were included with the addition of supporting unpublished infor-
mation, and a further 11 relied entirely on unpublished records. 
Overall, 79% of the 417 ISRA-Species combinations were sup-
ported by at least some unpublished information, and 40% were 
based exclusively on unpublished sources (Figure 6c).

FIGURE 3    |    Relative use of each research method per ISRA Criteria (B—Range Restricted; C1—Reproductive Areas; C2—Feeding Areas; C3—
Resting Areas; C4—Movement Areas; C5—Undefined Aggregations; D1—Distinctiveness; D2—Diversity) for (A) published data, (B) published and 
mixed data, and (C) the total dataset combining the published, mixed, and unpublished data.
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The species hurdle modelling showed a higher likelihood 
to meet the ISRA Criteria at least once for shallow-dwelling 
(p < 0.001, R2 = 0.105), large-bodied (p < 0.001, R2 = 0.183), and 
wide-ranging (p < 0.001, R2 = 0.207) species (Figure  6d–f). 
Large-bodied (p < 0.001, R2 = 0.155) and wide-ranging (p < 0.001, 
R2 = 0.050) species were also more likely to have a higher number 
of designated ISRAs (Figure 6g–i). For instance, reef-associated 
species such as the grey reef shark Carcharhinus amblyrhynchos 
(23 ISRAs) and spotted eagle ray Aetobatus ocellatus (20 ISRAs); 
the largest species such as the whale shark (Rhincodon typus) 
(20 associated ISRAs) and reef manta ray Mobula alfredi (34 
ISRAs); and widely distributed aggregating species such as the 
scalloped hammerhead Sphyrna lewini (30 ISRAs), were among 
the most represented taxa. Range-restricted species were less 
likely to meet the ISRA Criteria and were typically included in 
fewer ISRAs. However, in contrast to the trend seen for meeting 
the ISRA Criteria at least once, the total number of ISRAs per 
species decreased with shallower depth distributions (p < 0.001, 
R2 = 0.065). This inversion of the relationship was driven primar-
ily by deep-diving but epipelagic species such as the whale shark 
(median depth of 964 m, 20 associated ISRAs), oceanic manta 

ray Mobula birostris (623 m, 7 ISRAs), and scalloped hammer-
head (522 m, 30 ISRAs). In all cases, the incorporation of un-
published data led to a significant increase in the likelihood of 
a species being designated in at least one ISRA (p < 0.002) and 
in the total number of ISRAs designated for those with at least 
one ISRA (p < 0.002). Full model outputs for species analyses 
are available in the Supporting Information (Tables S2 and S3).

Incorporating mixed and unpublished information also increased 
the number of jurisdictions in which ISRAs were delineated when 
compared to the published record alone (Figure  7a–c). Of the 
29 national jurisdictions within the WIO, 18 hosted at least one 
ISRA that was entirely supported by published research, while 
seven were included on the basis of mixed records, and three were 
supported exclusively by unpublished information (Figure  7b). 
The frequency of ISRA delineation among jurisdictions was also 
substantially increased, with only 28 (20%) of the 143 ISRA–
Jurisdiction combinations based exclusively on published re-
search, while 51 (36%) were based on unpublished records and 64 
(44%) were based on mixed sources (Figure 7c).

The jurisdiction-level hurdle models showed no significant 
trend between the probability of ISRA delineation (p = 0.245), 
total ISRA numbers (p = 0.153), and the GDP of host jurisdic-
tions (Figure 7d,g). The probability of jurisdiction inclusion was 
always greater than 50%, meaning that even the most resource-
limited jurisdictions were more likely to host at least one ISRA 
than not. Similarly, EEZ size was not a significant predictor of 
ISRA delineation (p = 0.153), with most national jurisdictions 
hosting at least one ISRA despite wide differences in total EEZ 
area (Figure 7e). However, EEZ size was a significant predictor 
of the total number of ISRA designations (p < 0.001, R2 = 0.255) 
(Figure  7h). Differences in chondrichthyan species richness 
among jurisdictions showed a significant relationship with 
ISRA delineation (p = 0.02, R2 = 0.263) and the total number of 
ISRA designations (p = 0.016, R2 = 0.218) (Figure  7f,i). Jordan 
was the only country within the region with an EEZ that did not 
overlap with at least one ISRA. Six other jurisdictions with lim-
ited EEZs (< 50,000 km2) contained just one or two ISRAs. The 
remaining 22 jurisdictions had a mean of 5.9 ISRAs (SD ±5.4), 
though there were a few outliers with large EEZs and few ISRAs 
(Figure 1). The archipelago jurisdictions of the Maldives and the 
Seychelles are among the largest EEZs in the region (0.92 and 
1.34 million km2, respectively) and contain the most ISRAs (27 
and 11, respectively). Incorporation of unpublished data led to 
a significant increase in the total number of ISRAs designated 
for those with at least one ISRA when examining trends with 
species richness and EEZ area (p = 0.002) but not in any other 
instance (p ≧ 0.123). Full model outputs for the jurisdiction 
analyses are available in the Supporting Information (Tables S4 
and S5).

4   |   Discussion

4.1   |   ISRA Delineation, Criteria, and Qualifying 
Species

Delineating ISRAs in the WIO is crucial to informing and 
improving regional management for chondrichthyans. The 
ISRA process identified critical habitats for nearly 40% of the 

FIGURE 4    |    Map of the Western Indian Ocean Important Shark and 
Ray Areas (ISRAs) region (black outline), with the Exclusive Economic 
Zones (EEZs; violet-grey). Partial MPAs and no-take MPAs are shown 
in dark green and dark blue respectively. Overlap between Important 
Shark and Ray Areas (ISRAs) with partial MPAs is shown in light green 
while ISRA overlap with no-take MPAs is shown in light blue.
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region's chondrichthyan species. However, Qualifying Species 
were disproportionately distributed across the ISRA Criteria. 
Approximately 78% of Qualifying Species met Criterion A 
(Vulnerability), reflecting the high proportion of threatened spe-
cies in the WIO (Jabado et al. 2018; Pollom et al. 2024) and a re-
gional tendency toward research focused on threatened species 
(Ducatez 2019). For example, the Rhinopristiformes are among 
the most imperilled vertebrate orders (Moore 2017; Jabado 2018; 
Kyne et  al.  2020, 2024), with 54% of all species considered 
Critically Endangered. Recent research has addressed data gaps 
for this order (e.g., Elhassan 2018; Sreekanth et al. 2020; Jabado 
et al. 2021; Boldrocchi et al. 2023; Mateos-Molina et al. 2024), 
contributing to 20 ISRA-Species combinations. In contrast, de-
spite a high proportion of range-restricted species in this region 
(117 of 270 species), only 24% had sufficient data to support the 
delineation of an ISRA (28 species, 36 ISRA-Species combina-
tions), highlighting an underrepresentation of these species in 
the available data. This underrepresentation is of particular con-
servation concern, given known relationships between ende-
mism and elevated extinction risk (Işik 2011; Dulvy et al. 2021), 
and reflected in possible extinctions of range-restricted species 
in the region (e.g., Red Sea torpedo; Constance et al. 2024). Many 
range-restricted species are known only from their holotype, 
have few occurrence records, occur in deepwater and/or ABNJ 
where little research has been undertaken, or have limited com-
mercial value and are of low research priority. Research is ur-
gently needed for range-restricted species to ensure improved 

understanding of the conservation needs crucial to their long-
term survival.

The majority of ISRAs (98%) were delineated under Criterion 
C (Life-History), highlighting a diversity of critical chondrich-
thyan habitats. Reproductive Areas (Sub-criterion C1) were the 
most frequently delineated, occurring within 72 ISRAs for 58 
Qualifying Species. These were primarily supported by observa-
tions of important life stages (e.g., neonates or gravid females) col-
lected using either in situ monitoring (e.g., visual census, citizen 
science) or specimen collection (e.g., fish-market/landing-site 
surveys, fisheries observers, scientific fishing). Comparatively 
fewer Feeding Areas (C2) were represented in ISRAs (36 for 16 
Qualifying Species). These were predominantly associated with 
predictable plankton blooms or predictable food pulses from 
fish spawning aggregations (e.g., Al Shaheen ISRA in Qatar), 
mass fish migrations (e.g., Greater Protea Banks ISRA in South 
Africa), and sea turtle rookeries (e.g., Southern Mwali ISRA in 
Comoros) (Jabado et al. 2023). Resting Areas (C3) and Movement 
Areas (C4) were represented by even fewer ISRAs, which may 
reflect the difficulty in observing and documenting resting be-
haviour (often based on visual census observations of benthic 
resting species) and the limited application of electronic track-
ing in the region. Tracking studies can be cost-prohibitive and 
have generally been restricted to large-bodied and often charis-
matic species such as whale sharks, white sharks (Carcharodon 
carcharias), or devil rays (e.g., Berumen et  al.  2014; Robinson 

FIGURE 5    |    Abacus plots showing (a) the extent of MPA and no-take MPA coverage as a percentage of Exclusive Economic Zone (EEZ) and (b) 
the percentage of ISRAs within each EEZ that overlap with MPAs in general and no-take maps in specific.
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et al. 2016; Ducatez 2019; Harris et al. 2021; Kock et al. 2022). 
Despite these limitations, the continued monitoring of move-
ment patterns may be critical for the conservation of highly mo-
bile species, especially in the context of ongoing illegal fishing 
pressure, even within designated MPAs (Carr et al. 2013; Jacoby 
et al. 2020; Harris and Stevens 2024), and potential migratory 
shifts in response to climate change (Hammerschlag et al. 2022; 
Womersley et  al.  2024). Finally, Undefined Aggregations (C5) 
were delineated relatively frequently in comparison (70 ISRAs 
for 37 Qualifying Species) to the other Life-History sub-criteria, 

particularly for species and locations where wildlife tourism 
facilitates visual census efforts and leads to an abundance of 
citizen science records. For instance, Undefined Aggregations 
comprised 50% (n = 15) of ISRAs delineated for the scalloped 
hammerhead, and most of these (n = 12, 80%) were supported by 
unpublished visual census or citizen science data.

Few ISRAs were delineated under Criterion D (Special 
Attributes), which was designed to capture unique biological, 
behavioural, or ecological characteristics (i.e., Sub-criterion 

FIGURE 6    |    Change in the number of ISRAs per species when incorporating different data sources, the overall number of species with at least 
one ISRA designation, and the number of ISRA-Species combinations with the inclusion of unpublished data (a–c). Hurdle model outputs showing 
changes in the probability of species being designated at least one ISRA in relation to (d) median depth, (e) maximum body size, and (f) species geo-
graphic range. Hurdle model outputs showing changes in the number of ISRAs per species in relation to (g) median depth, (h) maximum body size, 
and (i) species geographic range.
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D1—Distinctiveness) and areas of high species diversity (Sub-
criterion D2) (Hyde et  al.  2022). Delineation under these sub-
criteria requires either substantial in situ observation of animal 
behaviour (for Distinctiveness) or evidence of the regular and 
predictable co-occurrence of at least 22 species (for Diversity). 
The eight ISRAs delineated under Distinctiveness were predom-
inantly cleaning stations (O'Shea et  al.  2010) in the Maldives, 
Mozambique, or South Africa and monitored by either visual 
census or remote video surveys. Capturing information on such 

sites may be particularly important when the species do not meet 
other ISRA Criteria. For example, the Southern Inhambane 
Province ISRA in Mozambique is the only known location where 
smalleye stingrays Megatrygon microps regularly visit cleaning 
stations (Boggio-Pasqua et al. 2019; Buschmann et al. 2024). The 
four Diversity ISRAs delineated in the region (i.e., Wadge Bank 
and Manjapparai in India; Unguja in Tanzania; and Southern 
Inhambane Province in Mozambique) have potential conser-
vation value as key areas where management measures could 

FIGURE 7    |    Change in the number of ISRAs per jurisdiction, the overall number of jurisdictions with at least one ISRA designation, and the 
number ofISRA-Jurisdiction combinations with the inclusion of unpublished data (a–c). Hurdle model outputs showing changes in the probability 
of jurisdictions being designated at least one ISRA in relation to (d) gross domestic product (GDP), (e) species richness, and (f) Economic Exclusive 
Zone (EEZ) area. Hurdle model outputs showing changes in the count of ISRA designations by jurisdiction in relation to (g) GDP, (h) species rich-
ness, and (i) EEZ area.
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benefit multiple species (23–24 species at each site), especially 
since 94% (n = 49) of the 52 unique Qualifying Species at these 
ISRAs are also threatened with extinction.

Reviewing, validating, and incorporating unpublished data 
nearly doubled the number of sources considered during the 
ISRA process. This corresponded to similar increases in total 
ISRAs delineated, diversity of Qualifying Species, and distribu-
tion among jurisdictions. These results highlight the value of 
citizen science (Crochelet et  al.  2025), local ecological knowl-
edge (Karnad et  al.  2024), and government initiatives (Sattar 
et al. 2014) as complementary to the efforts of more traditional 
research approaches, providing key sources of additional data 
for policy makers and resource managers. Indeed, the resulting 
increased spatial and taxonomic ISRA coverage can help guide 
the designation of additional MPAs or the implementation of 
other management measures (Hyde et  al.  2022). Further, the 
collaborative nature of the ISRA process helped to address the 
time lag between data collection and publication, particularly 
for long-term datasets. Cooperation among researchers, stake-
holders, and policy makers during MPA designation and other 
management processes relevant to chondrichthyans could yield 
similar positive results.

Identifying novel study sites could lead to increased research 
in a historically data-poor region (Dulvy et al. 2024). Ongoing 
monitoring and research within ISRAs will be key to ensuring 
these critical habitats are not impacted by anthropogenic activ-
ities (Mouton et al. 2024) and that data continue to be available 
to ensure they meet the ISRA Criteria over time. Periodic reas-
sessment is central to the ISRA process, ‘future-proofing’ sites 
by allowing existing areas to be re-evaluated and new ones de-
lineated as species ranges shift in response to climate change 
or other ecological disruptions (Hyde et al. 2022). Although the 
ISRA process itself does not incorporate climate projections, 
managers and policymakers could use climate velocity analyses 
alongside ISRA designations when prioritising sites for protec-
tion, favouring areas where oceanographic conditions are pro-
jected to remain relatively stable and more likely to continue 
supporting chondrichthyan populations over coming decades. 
Research should also be expanded at the 45 sites within the 
WIO delineated as Areas of Interest (e.g., Dahlak Archipelago in 
Eritrea, Socotra Archipelago in Yemen) where the available data 
indicated chondrichthyan presence related to the ISRA Criteria 
but were insufficient to show regular and predictable use of an 
area (Jabado et al. 2023).

4.2   |   Diversity of Qualifying Species

Our findings demonstrate relationships between species quali-
fication and ISRA frequency, with several functional traits that 
vary among taxa. Large-bodied, wide-ranging, and shallow-
dwelling species were best represented in the ISRAs. To some 
extent, this reflects conservation and resource needs, with coast-
al- and reef-associated species being among the most threatened, 
and large-bodied coastal and pelagic species being of the high-
est commercial and consumptive value (Sherman et  al.  2023; 
Temple et  al.  2024). Indeed, shallow-dwelling, coastal species 
are the most exposed to anthropogenic threats, especially over-
fishing and habitat degradation (Dulvy et al. 2021), while many 

large-bodied and wide-ranging pelagic species have suffered 
severe population declines as a result of targeted and inciden-
tal catches in oceanic fisheries (Queiroz et al. 2019; Pacoureau 
et al. 2021). Still, the tendency for research to disproportionately 
focus on charismatic species continues to bias scientific atten-
tion across a wide range of taxa, including chondrichthyans 
(Ducatez 2019). These disparities in data distribution were ev-
ident in the WIO ISRA delineations, where three planktivorous 
megafauna species (reef manta ray, oceanic manta ray, and 
whale shark) accounted for 60 (14.3%) of the 417 ISRA-Species 
combinations despite representing < 3% of the Qualifying 
Species. These species are all large-bodied (Last et  al.  2016; 
Ebert et  al.  2021), wide-ranging (IUCN  2025), threatened 
(IUCN 2025), relatively easy to identify, and regularly found in 
shallow coastal waters at predictable aggregation sites (Norman 
et al. 2017; Palacios et al. 2023), thereby improving their detect-
ability and enabling greater research accessibility. They also 
possess several additional characteristics that are conducive to 
research, including surface-associated feeding behaviours that 
are easily detectable by boat-based visual census (Robinson 
et  al.  2016), unique individual markings suitable for photo-
identification (Pierce et  al.  2018), dedicated wildlife tourism 
operations to facilitate citizen science (Cisneros-Montemayor 
et al. 2013), and docile temperaments that simplify the deploy-
ment of electronic tracking devices (Berumen et al. 2014). These 
traits make them ideal study animals, generating large volumes 
of research and citizen science data. The ISRA process itself can 
be effort-intensive, and the number of NGOs, researchers, and 
citizen scientists dedicated to these charismatic species likely in-
creased the number of submissions for mantas and whale sharks, 
resulting in more delineated ISRAs. Still, similar methods (e.g., 
photo-identification from markings) could be expanded to other 
species and incorporated into visual census surveys, citizen sci-
ence, and other research methods to improve data availability 
on understudied species.

The ISRA process highlighted several data gaps that continue 
to hinder conservation of several particularly susceptible taxa. 
Small-bodied, range-restricted, and deepwater species were all 
underrepresented in the WIO ISRAs. For example, the electric 
rays (Torpediniformes) are poorly studied (37% of species oc-
curring in the WIO are Data Deficient), have a high extinction 
risk (42% of species occurring in the WIO are threatened), and 
are often range-restricted (63% meet the range size threshold for 
Criterion B) (IUCN 2025). However, only one of the 19 electric 
ray species known from the WIO had sufficient data to meet 
the ISRA Criteria. Further, deepwater species are generally 
more isolated from human impacts (Dulvy et al. 2021), but their 
conservative life histories make them susceptible to rapid pop-
ulation declines when they are subject to anthropogenic threats 
(Finucci et al. 2024). Only 12% of deepwater species in the region 
were included in ISRAs, and almost all the available information 
was based on fisheries-dependent methods such as fish-market/
landing-site surveys and observers onboard commercial fishing 
vessels. Although fisheries are a threat to most of these species, 
they are also a key source of information on their local presence 
and abundance (Akhilesh et al. 2011; Everett et al. 2025) to de-
lineate critical habitats (Fennessy et al. 2025; García-Rodríguez 
et al. 2025). Increased use of fisheries-dependent methods that 
incorporate spatial data on fishing locations could yield addi-
tional information on these species for relatively limited costs, 
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although only in jurisdictions with active deepwater fisheries 
such as in Mozambique and India (Finucci et al. 2024). Scientific 
fishing surveys were the only fisheries-independent method 
producing sufficient information to delineate ISRAs for the deep 
sea. Although more logistically complicated and expensive, this 
method could be used in areas that lack commercial fisheries. 
Non-extractive deepwater methods were not used to delineate 
ISRAs in the WIO, but such methods are available and have 
been used to study deepwater chondrichthyans in the region. 
Examples include deep deployments of baited remote underwa-
ter video systems (Pearce et al. 2023), remotely operated vehicles 
(Frappi et al. 2023), and submersible dives (Garzon et al. 2022). 
Expanded use of these methods at sites of interest in the WIO, 
particularly in ABNJ, could yield valuable data to inform con-
servation efforts without requiring lethal sampling.

4.3   |   Geographic Coverage

Almost all jurisdictions hosted at least one ISRA, and there was 
no relationship between GDP and ISRA delineation. This sug-
gests that information on chondrichthyans is being produced 
throughout the WIO region despite differences in national re-
sources and capacity. This may result from the prevalence of 
accessible and inexpensive methods (e.g., visual census, fish-
market/landing-site surveys, citizen science), multinational 
collaborations, or transboundary studies across multiple juris-
dictions (Robinson et  al.  2016; Daly et  al.  2023), particularly 
those monitoring species movements (e.g., Berumen et al. 2014). 
Not surprisingly, most jurisdictions with larger EEZs and more 
diverse chondrichthyan assemblages have more ISRAs. Jordan 
was the only jurisdiction not to have an ISRA delineated in the 
region, which may be a result of its small EEZ (the second small-
est in the region at 91 km2) within the chondrichthyan depauper-
ate Red Sea (Compagno 1982). Further, only three ISRAs were 
delineated in ABNJ (although two additional ISRAs straddled a 
jurisdiction and international waters), reflecting the limited re-
search undertaken in offshore waters. Despite this limited cov-
erage, ISRAs delineated in the high seas offer a first opportunity 
to enhance conservation efforts for highly mobile species. These 
areas could serve as priority considerations at Regional Fisheries 
Management Organisations, particularly the Indian Ocean 
Tuna Commission, to assess appropriate fisheries management 
measures (e.g., gear restrictions, seasonal closures). Further, the 
Agreement under the United Nations Convention on the Law 
of the Sea on the Conservation and Sustainable Use of Marine 
Biological Diversity of Areas beyond National Jurisdiction (also 
known as the BBNJ Agreement) allows for the designation of 
MPAs or other areas-based management tools in the high seas. 
ISRAs can be used to guide such designations toward critical 
chondrichthyan habitats in ABNJ (United Nations 2023).

The highest number of ISRAs was in the Maldives (27 ISRAs) 
and the Seychelles (11 ISRAs), archipelago nations with rela-
tively large EEZs, high chondrichthyan biodiversity, valuable 
marine wildlife tourism sectors, and relatively high marine 
conservation attention. Conversely, fewer ISRAs were delin-
eated in Mauritius, which has a large EEZ, a likely reflection 
of the limited dedicated research afforded to chondrichthyans 
as well as the type of data collated from existing projects. 
In the Maldives and Seychelles, the tourism sector has also 

invested significantly in both shark and ray tourism (Rowat 
and Engelhardt 2007; Anderson et al. 2011; Cagua et al. 2014; 
Zimmerhackel et al. 2019; Harvey-Carroll et al. 2021), with vi-
sual census and citizen science conducted in association with 
local wildlife tourism operations providing much of the data 
used to delineate ISRAs. In the Maldives, many of these data-
sets can be traced to initiatives leveraging the local tourism 
industry for scientific data collection (Sattar et al. 2014). In ju-
risdictions without large marine tourism sectors, fisheries catch 
data tended to replace in situ observations as the main source of 
information. Examples include India (9 ISRAs), Iran (5 ISRAs), 
and Oman (5 ISRAs), where ISRA delineation was largely sup-
ported by information from fish market/landing site surveys, 
onboard observers, or scientific fishing.

Despite a broad review of the available information and delin-
eating ~10% of the regional surface area as ISRAs, there was 
limited overlap with existing MPAs. With only 1.2% of ISRAs 
overlapping with no-take MPAs, current spatial management is 
unlikely to make any meaningful contribution to the conserva-
tion and protection of chondrichthyans at the regional scale. This 
is not surprising given that MPAs in the WIO have not histori-
cally been designated with the protection of chondrichthyans in 
mind. The incidental nature of chondrichthyan protection under 
existing spatial management has resulted in the generally low 
overlap reported from the regions assessed to date, including 
the South and Central American Pacific (7% ISRA overlap with 
no-take MPAs) (Mouton et al. 2024) and the Mediterranean and 
Black Seas (0.3% overlap) (Rohner et al. 2025).

The delineation of ISRAs presents an opportunity to align local 
chondrichthyan conservation efforts with global biodiversity 
targets. ISRAs can be integrated into national marine spa-
tial planning and contribute to the design and creation of new 
MPAs. ISRAs can also be leveraged to identify sites for locally 
managed marine areas (LMMAs), which, with community sup-
port and policy alignment, can evolve into formally designated 
MPAs or other effective conservation measures. This bottom-up 
pathway can be particularly effective in regions where commu-
nity stewardship is strong but formal governance is still develop-
ing (e.g., Kenya, mainland Tanzania, and Madagascar) (Hattam 
et  al.  2020). Incorporating the needs of chondrichthyans and 
other threatened taxa alongside other critical factors such as the 
presence of vulnerable marine ecosystems, commercial needs, 
and local cultural significance would maximize the potential 
benefits of spatial protections. Additionally, ISRA designations 
could help to expand the remits or ranges of existing MPAs to 
afford protection to chondrichthyans where needed (Faure-
Beaulieu et al. 2023; Mouton et al. 2024).

If implemented and enforced, such measures could have im-
mediate conservation benefits for chondrichthyans while 
helping governments meet their commitments under the GBF. 
Within this context, and in recognition of ISRAs being a key 
tool to assist countries in meeting global biodiversity targets, 
Parties to the Convention on the Conservation of Migratory 
Species of Wild Animals (CMS; including 22 Parties from the 
WIO) and Signatories to its daughter agreement, the Sharks 
Memorandum of Understanding (Sharks MOU; including 11 
Signatories from the WIO), passed several decisions related to 
ISRAs (CMS 2024). Specifically, CMS Parties and Signatories 
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are requested to take into account identified ISRAs for spa-
tial planning and conservation action, particularly for the 
benefit of CMS-listed shark and ray species, while facilitating 
implementation of GBF Targets 1 and 3. The overlap analysis 
shows the high potential for some jurisdictions (particularly 
Amsterdam and Saint Paul Islands, Oman, and South Africa) 
to pursue their commitments under Target 3 by designating 
ISRAs as MPAs where appropriate.

The design and implementation of MPAs using ISRAs need to 
be approached from a pragmatic and evidence-based perspec-
tive. The WIO is considered one of the worst basins in terms of 
illegal fisheries (Spijkers et al. 2023), and several no-take MPAs 
in the region effectively serve as “paper parks” due to limited 
resources and enforcement capabilities (e.g., Collins et al. 2023). 
Enhancing spatial management frameworks and improving en-
forcement capacity are crucial to ensure these protections can 
have a positive impact on species. Further, many chondrich-
thyan species have movement ecologies or life histories that 
make them difficult to conserve using only area-based man-
agement (Chin et al. 2023; Goetze et al. 2024). In these cases, 
transboundary cooperation will be key to success (e.g., Daly 
et  al.  2023). Furthermore, alternative conservation strategies 
such as gear restrictions, size limits, or seasonal fishery closures 
could be used either independently or as complementary ap-
proaches (MacNeil et al. 2020).

Any protection will also be limited by human factors such as 
the capacity and political will for implementation and enforce-
ment (Sethi and Hilborn 2008; Di Cintio et al. 2023). Indeed, 
many jurisdictions across the WIO already have protection or 
seasonal bans on fishing for several sharks and rays (Saudi 
Arabia, United Arab Emirates, Kuwait, Maldives [as a Shark 
Sanctuary]; Jabado and Spaet  2017). Still, sharks and rays 
continue to be landed as incidental catch because of limited 
enforcement (Jabado and Spaet 2017). Local stakeholders are 
also unlikely to tolerate severe disruptions to key economic 
activities such as fisheries, tourism, or shipping. Although we 
could not systematically assess overlap between delineated 
ISRAs and human industries with the available datasets, pol-
icy makers considering these sites for spatial protections will 
need to take such factors into account (Rohner et  al.  2025). 
The ISRAs can be used to prioritise MPA designations where 
they are most needed, where they could be most effective for 
conserving critical habitats, and where they would be least dis-
ruptive to other uses (Rohner et al. 2025). At the regional scale 
of the WIO, the information derived from the ISRA process 
can inform systematic conservation planning for an ecolog-
ically coherent MPA network (Sundblad et  al.  2011; Jonsson 
et al. 2020) that can now properly consider the needs of chon-
drichthyans alongside other priority taxa (Donald et al. 2019; 
Tetley et al. 2022; Wallace et al. 2023).

5   |   Conclusions

Chondrichthyans in the Indian Ocean have historically received 
less scientific research than those in the Atlantic or Pacific Oceans 
(Ducatez 2019). The WIO, in particular, is a known ‘dark spot’ 
for chondrichthyan conservation (Dulvy et  al.  2024). By sum-
marising available information and mapping critical habitats for 

chondrichthyans in the region, ISRAs provide a strategic frame-
work for directing future research toward data-poor species and 
regions while informing localised management strategies. This 
process was substantially strengthened by incorporating unpub-
lished sources of data, much of which came from local wildlife 
tourism and fisheries operations. Strengthening collaboration 
with key stakeholders in these sectors could improve data col-
lection, facilitate broader discussion and dissemination of re-
sults, and build trust with local communities throughout most 
jurisdictions. The diverse research methods used to support the 
different ISRA Criteria demonstrate the strengths of current 
data collection efforts and the potential for expanding those ef-
forts to understudied species and offshore, deepwater habitats. 
However, the results also highlight key taxa and functional 
groups, as well as their geographic areas and habitats, that are 
systematically understudied and where novel approaches may 
be needed to fill persistent data gaps. Here, Areas of Interest in 
the WIO (Jabado et al. 2023) represent a low-hanging fruit for fu-
ture research and funding, particularly where local support and 
preliminary data already exist. The limited overlap between de-
lineated ISRAs and existing MPAs underscores the insufficient 
protection afforded to critical chondrichthyan habitats. As such, 
ISRAs provide a powerful evidence base for WIO countries to 
expand these protections and meet their Target 3 commitments 
under the GBF while addressing vitally needed chondrichthyan 
conservation.

Author Contributions

Jesse E. M. Cochran: conceptualization (equal), data curation 
(equal), formal analysis (equal), investigation (equal), methodology 
(equal), project administration (equal), visualization (equal), writing 
– original draft (lead). Ryan Charles: conceptualization (equal), 
data curation (equal), formal analysis (lead), investigation (equal), 
methodology (equal), visualization (equal), writing – original draft 
(equal). Andrew J. Temple: conceptualization (equal), data curation 
(equal), formal analysis (lead), investigation (equal), methodology 
(equal), visualization (equal), writing – original draft (equal). Peter 
M. Kyne: conceptualization (equal), data curation (equal), investiga-
tion (equal), writing – original draft (equal), writing – review and ed-
iting (lead). Emiliano García-Rodríguez: conceptualization 
(equal), data curation (equal), investigation (equal), writing – review 
and editing (equal). Adriana Gonzalez-Pestana: conceptualization 
(equal), data curation (equal), investigation (equal), writing – review 
and editing (equal). Amanda Batlle-Morera: conceptualization 
(equal), data curation (equal), investigation (equal), writing – review 
and editing (equal). Théophile L. Mouton: conceptualization 
(equal), data curation (equal), investigation (equal), writing – review 
and editing (equal). Asia O. Armstrong: conceptualization (equal), 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Christoph A. Rohner: conceptualization (equal), data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Darren J. Coker: conceptualization (equal), data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Royale S. Hardenstine: conceptualization (equal), data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Alexander Kattan: conceptualization (equal), data curation (equal), 
investigation (equal), writing – review and editing (equal). Ashlie J. 
McIvor: conceptualization (equal), data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Viktor Nunes 
Peinemann: conceptualization (equal), data curation (equal), inves-
tigation (equal), writing – review and editing (equal). Kaitlyn A. 
O'Toole: conceptualization (equal), data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Lea Palm: concep-
tualization (equal), data curation (equal), investigation (equal), 



16 of 22 Ecology and Evolution, 2026

writing – review and editing (equal). Eloise B. Richardson: concep-
tualization (equal), data curation (equal), investigation (equal), writ-
ing – review and editing (equal). Kalli Valappil Akhilesh: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Haleh Ali Abedi: data curation (equal), investigation 
(equal), writing – review and editing (equal). Reem K. Almealla: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Dareen Almojil: data curation (equal), investigation 
(equal), writing – review and editing (equal). Samantha 
Andrzejaczek: data curation (equal), investigation (equal), writing 
– review and editing (equal). Arzucan N. Askin: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Avik A. Banerjee: data curation (equal), investigation (equal), writ-
ing – review and editing (equal). Hamid R. Bargahi: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Alissa J. Barnes: data curation (equal), investigation (equal), writ-
ing – review and editing (equal). Svetlana Barteneva-Vitry: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Siamak Behzadi: data curation (equal), investigation 
(equal), writing – review and editing (equal). Aymeric Bein: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Rhett H. Bennett: data curation (equal), investigation 
(equal), writing – review and editing (equal). Filippo Bocchi: data 
curation (equal), funding acquisition (equal), writing – review and 
editing (equal). Ginevra Boldrocchi: data curation (equal), investi-
gation (equal), writing – review and editing (equal). Gill T. Braulik: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Camrin D. Braun: data curation (equal), investigation 
(equal), writing – review and editing (equal). Eleanor Brighton: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Frances K. P. Budd: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Robert W. 
Bullock: data curation (equal), investigation (equal), writing – re-
view and editing (equal). Clara Canovas Perez: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Aaron B. Carlisle: data curation (equal), investigation (equal), writ-
ing – review and editing (equal). Michelle Carpenter: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Taylor K. Chapple: data curation (equal), investigation (equal), 
writing – review and editing (equal). Isabel Chaúca: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Geremy Cliff: data curation (equal), investigation (equal), writing – 
review and editing (equal). Estelle Crochelet: data curation (equal), 
investigation (equal), writing – review and editing (equal). Nakia 
Cullain: data curation (equal), investigation (equal), writing – re-
view and editing (equal). David J. Curnick: data curation (equal), 
investigation (equal), writing – review and editing (equal). Ryan 
Daly: data curation (equal), investigation (equal), writing – review 
and editing (equal). Leigh de Necker: data curation (equal), investi-
gation (equal), writing – review and editing (equal). Stella Diamant: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Giulia F. A. Donati: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). David A. Ebert: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Ehab Eid: data curation (equal), investigation (equal), 
writing – review and editing (equal). Igbal S. Elhassa: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Chantel Elston: data curation (equal), investigation (equal), writing 
– review and editing (equal). Bernadine I. Everett: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Mahmoud M. S. Farrag: data curation (equal), investigation (equal), 
writing – review and editing (equal). Nico Fassbender: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Sean T. Fennessy: data curation (equal), investigation (equal), writ-
ing – review and editing (equal). Stela M. C. Fernando: data cura-
tion (equal), investigation (equal), writing – review and editing 
(equal). Brittany Finucci: data curation (equal), investigation 
(equal), writing – review and editing (equal). Anna L. Flam: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Peter Gausman: data curation (equal), investigation (equal), 

writing – review and editing (equal). Arnault R. G. Gauthier: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Giri Bhavan Sreekanth: conceptualization (equal), investi-
gation (equal), writing – review and editing (equal). Trisha Gupta: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Meral Hafeez: data curation (equal), investigation 
(equal), writing – review and editing (equal). Badrú N. Hagy: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Jessica L. A. Haines: data curation (equal), investigation 
(equal), writing – review and editing (equal). Joanna L. Harris: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Jessica Harvey-Carroll: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Tessa N. Hempson: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Simon T. Hilbourne: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Hua Hsun Hsu: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Nor D. Ibrahim: data curation (equal), investigation 
(equal), writing – review and editing (equal). David M. P. Jacoby: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Sébastien Jaquemet: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Idrees Babu K K: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Divya Karnad: data curation (equal), investigation 
(equal), writing – review and editing (equal). Boaz Kaunda-Arara: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Shoba J. Kizhakudan: data curation (equal), investi-
gation (equal), writing – review and editing (equal). Alison A. Kock: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Anna Koester: data curation (equal), investigation 
(equal), writing – review and editing (equal). Bigeyo N. Kuboja: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Baraka L. Kuguru: data curation (equal), investigation 
(equal), writing – review and editing (equal). James S. E. Lea: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Omar Mahadalle: data curation (equal), investigation 
(equal), writing – review and editing (equal). Hashim 
Manjebrayakath: data curation (equal), investigation (equal), writ-
ing – review and editing (equal). Christophe Mason-Parker: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Daniel Mateos-Molina: data curation (equal), investigation 
(equal), writing – review and editing (equal). Muktha Menon: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Alec B. M. Moore: data curation (equal), investigation 
(equal), writing – review and editing (equal). Johann Mourier: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Taryn S. Murra: data curation (equal), investigation (equal), 
writing – review and editing (equal). Ajay D. Nakhawa: data cura-
tion (equal), investigation (equal), writing – review and editing 
(equal). Nadeem Nazurally: data curation (equal), investigation 
(equal), writing – review and editing (equal). Lauren E. Nelso: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). John E. G. Nevill: data curation (equal), investigation 
(equal), writing – review and editing (equal). Jennifer M. Olbers: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Raquel L. Ostrovski: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Lauren R. Peel: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Nathan Perisic: data curation (equal), investigation 
(equal), writing – review and editing (equal). Bradley Peterson: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Simon J. Pierce: data curation (equal), investigation (equal), 
writing – review and editing (equal). Simon J. Pittman: data cura-
tion (equal), investigation (equal), writing – review and editing 
(equal). Shikha Rahangdale: data curation (equal), investigation 
(equal), writing – review and editing (equal). Joshua 
Rambahiniarison: data curation (equal), investigation (equal), 
writing – review and editing (equal). Ali Reza Rastgoo: data cura-
tion (equal), investigation (equal), writing – review and editing 
(equal). Mohsen Rezaie-Atagholipour: data curation (equal), 



17 of 22Ecology and Evolution, 2026

investigation (equal), writing – review and editing (equal). David P. 
Robinson: data curation (equal), investigation (equal), writing – re-
view and editing (equal). Melita A. Samoilys: data curation (equal), 
investigation (equal), writing – review and editing (equal). Tamaryn 
J. Sawers: data curation (equal), investigation (equal), writing – re-
view and editing (equal). Brittney J. Scannell: data curation (equal), 
investigation (equal), writing – review and editing (equal). Jennifer 
V. Schmidt: data curation (equal), investigation (equal), writing – re-
view and editing (equal). Isabel M. Silva: data curation (equal), in-
vestigation (equal), writing – review and editing (equal). Luis Silva: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Jadiyde Solonomenjanahary: data curation (equal), 
investigation (equal), writing – review and editing (equal). Julia L. Y. 
Spaet: data curation (equal), investigation (equal), writing – review 
and editing (equal). Guy M. W. Stevens: data curation (equal), inves-
tigation (equal), writing – review and editing (equal). Elspeth M. 
Strike: data curation (equal), investigation (equal), writing – review 
and editing (equal). Sujitha Thomas: data curation (equal), investi-
gation (equal), writing – review and editing (equal). David van 
Beuningen: data curation (equal), investigation (equal), writing – re-
view and editing (equal). Stephanie K. Venables: data curation 
(equal), investigation (equal), writing – review and editing (equal). 
Lennart Vossgaetter: data curation (equal), investigation (equal), 
writing – review and editing (equal). Ornella C. Weideli: data cura-
tion (equal), investigation (equal), writing – review and editing 
(equal). Ivor D. Williams: conceptualization (equal), investigation 
(equal), writing – review and editing (equal). Collin T. Williams: 
data curation (equal), investigation (equal), writing – review and ed-
iting (equal). Andrew J. Willson: data curation (equal), investiga-
tion (equal), writing – review and editing (equal). Livi Wilson: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Irthisham H. Zareer: data curation (equal), investigation 
(equal), writing – review and editing (equal). Kaitlyn M. Zerr: data 
curation (equal), investigation (equal), writing – review and editing 
(equal). Michael L. Berumen: data curation (equal), funding acqui-
sition (supporting), investigation (equal), supervision (equal), writing 
– review and editing (equal). Rima W. Jabado: conceptualization 
(equal), data curation (equal), funding acquisition (lead), investiga-
tion (equal), project administration (lead), supervision (equal), writ-
ing – original draft (equal), writing – review and editing (equal).

Affiliations
1Reef Ecology Lab, Division of Biological and Environmental Science 
and Engineering, King Abdullah University of Science and Technology, 
Thuwal, Saudi Arabia  |  2International Union for Conservation of 
Nature Species Survival Commission Shark Specialist Group, Dubai, 
UAE  |  3Research Institute for the Environment and Livelihoods, 
Charles Darwin University, Darwin, Northwest Territories, 
Australia  |  4Carrera de Biología Marina, Universidad Científica del 
Sur, Lima, Peru  |  5School of Science, Technology and Engineering, 
University of the Sunshine Coast, Hervey Bay, Australia  |  6Marine 
Megafauna Foundation, West Palm Beach, Florida, USA  |  7KAUST 
Coral Restoration Initiative (KCRI), King Abdullah University of 
Science and Technology, Thuwal, Saudi Arabia  |  8Department of 
Environmental Protection and Regeneration, Red Sea Global, Riyadh, 
Saudi Arabia  |  9ICAR–Central Marine Fisheries Research Institute, 
Kochi, Kerala, India  |  10Midaf Nature Conservation Society, Bandar 
Abbas, Iran  |  11Nuwat for Environmental Research & Education, 
Janabiyah, Bahrain  |  12Evolutionary Genomics Laboratory, 
Department of Biology, New York University Abu Dhabi, Abu Dhabi, 
UAE  |  13Hopkins Marine Station, Stanford University, Pacific Grove, 
California, USA  |  14Miyaru—Shark Programme, Fuvahmulah, 
Maldives  |  15Wildlife Conservation Society—India Program, 
Bangalore, India  |  16Kish Island Fisheries Office, Kish Island, 
Iran  |  17Marine Megafauna Conservation Organisation (MMCO), Blue 
Water Divers Building, Trou aux Biches, Mauritius  |  18Persian Gulf 
and Oman Sea Ecology Research Center, Iranian Fisheries Sciences 
Research Institute (AREEO), Bandar Abbas, Iran  |  19Shark Citizen 
Association, La Réunion, France  |  20Wildlife Conservation 

Society—Western Indian Ocean Shark Program, Bronx, New York, 
USA  |  21South African Institute for Aquatic Biodiversity, Makhanda, 
South Africa  |  22Nature Friends of Maldives, Malé, 
Maldives  |  23University of Plymouth, Plymouth, UK  |  24Department 
of Human Sciences and Sciences of Innovation for the Territory 
(DiSUIT), University of Insubria, Como, Italy  |  25Sea Mammal 
Research Unit, Scottish Oceans Institute, University of St Andrews, 
Fife, UK  |  26Marine Mammal Protected Areas Task Force, Joint 
Initiative of the IUCN SSC and WCPA, Gland, Switzerland  |  27Biology 
Department, Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts, USA  |  28Blue Safari Seychelles, Mahé, 
Seychelles  |  29Alphonse Foundation, Alphonse & St François Atolls, 
Outer Islands, Seychelles  |  30The Manta Trust, Dorset, UK  |  31SOSF-
D'arros Research Centre (SOSF-DRC), Save Our Seas Foundation 
(SOSF), Geneva, Switzerland  |  32Centre for Sustainable Tropical 
Fisheries and Aquaculture, James Cook University, Townsville, 
Queensland, Australia  |  33Maldives Whale Shark Research 
Programme, Dhigurah, Maldives  |  34School of Marine Science and 
Policy, College of Earth, Ocean & Environment, University of Delaware, 
Lewes, Delaware, USA  |  35University of Cape Town, Cape Town, 
South Africa  |  36Coastal Oregon Marine Experiment Station, Oregon 
State University, Hatfield Marine Science Center, Newport, Oregon, 
USA  |  37Oceanographic Institute of Mozambique, Maputo, 
Mozambique  |  38Wildtrust, Pietermaritzburg, South Africa  |  39School 
of Life Sciences, University of KwaZulu-Natal, Durban, South 
Africa  |  40Mascarene Archipelago Elasmobranch Observatory 
(MAEO), Agence de Recherche Pour la Biodiversité à La Réunion 
(ARBRE)—Biodiversity Research Agency of Reunion Island, Saint 
Gilles, France  |  41Marine Megafauna Foundation, Centro de 
Investigação Científica Megafauna Marinha, Praia do Tofo, 
Mozambique  |  42Dalhousie University, Department of Biology, Halifax, 
Nova Scotia, Canada  |  43Institute of Zoology, Zoological Society of 
London, London, UK  |  44Oceanographic Research Institute, Durban, 
KwaZulu-Natal, South Africa  |  45Madagascar Whale Shark Project 
Foundation, Nosy-Be, Madagascar  |  46Wiss Federal Institute of 
Aquatic Science and Technology (Eawag), Dübendorf, 
Switzerland  |  47Eidgenössische Forschungsanstalt für Wald, Schnee 
Und Landschaft (WSL), Birmensdorf, Switzerland  |  48Pacific Shark 
Research Center, Moss Landing Marine Laboratories, San Jose State 
University, Moss Landing, California, USA  |  49Steering Committee, 
Species Survival Commission, International Union for Conservation of 
Nature (IUCN SSC), Amman, Jordan  |  50University of Bahri, 
Khartoum, Sudan  |  51Zoology Department, Faculty of Science, Al-
Azhar University, Assiut, Egypt  |  52Sea Around Us—Indian Ocean, 
School of Biological Sciences, University of Western Australia, Crawley, 
WA, Australia  |  53National Institute of Water and Atmospheric 
Research (NIWA), Wellington, New Zealand  |  54University of 
Tasmania, Hobart, Tasmania, Australia  |  55Ruhr University Bochum, 
Bochum, Germany  |  56Deutsche Elasmobranchier Gesellschaft e.V, 
University of Hamburg, Hamburg, Germany  |  57GIP—Centre Sécurité 
Requin, ZA Pointe Des Châteaux, Saint-Leu, La Réunion, 
France  |  58ICAR Central Coastal Agricultural Research Institute, Old 
Goa, Goa, India  |  59Interdisciplinary Centre for Conservation Science, 
Department of Biology, University of Oxford, Oxford, UK  |  60EDGE of 
Existence Programme, Zoological Society of London, London, 
UK  |  61Maldives Manta Conservation Programme (MMCP), M. Kureli. 
Buruzu Magu, Maafannu, Male, Maldives  |  62University of Victoria, 
Victoria, British Columbia, Canada  |  63University of Exeter, Cornwall, 
UK  |  64School of Biological and Marine Sciences, University of 
Plymouth, Plymouth, UK  |  65University of Gothenburg, Göteborg, 
Sweden  |  66Mission Blue, Napa, California, USA  |  67ARC Centre of 
Excellence for Coral Reef Studies, James Cook University, Townsville, 
Australia  |  68Coastal and Offshore Resources Research Center, 
Fisheries Research Institute, Council of Agriculture, Kaohsiung City, 
Taiwan  |  69Institute of Marine Ecology and Conservation, National 
Sun Yat-Sen University, Kaohsiung, Taiwan  |  70Ministry of Fisheries 
and Blue Economy, Mogadishu, Somalia  |  71City University of 
Mogadishu, Mogadishu, Somalia  |  72Lancaster Environment Centre, 
Lancaster University, Lancaster, UK  |  73Université de La Réunion, 
UMR Entropie, Saint-Denis, La Réunion, France  |  74Department of 



18 of 22 Ecology and Evolution, 2026

Science & Technology, Kavaratti, Lakshadweep, India  |  75Lakshadweep 
Atoll Research Foundation, Lakshadweep, India  |  76Department of 
Environmental Studies, Ashoka University, Sonepat, Haryana, 
India  |  77Department of Fisheries and Aquatic Sciences, University of 
Eldoret, Eldoret, Kenya  |  78Scientific Services, South African National 
Parks, Cape Research Centre, Cape Town, South Africa  |  79Seychelles 
Islands Foundation, Victoria, PO, Seychelles  |  80Tanzania Fisheries 
Research Institute, Dar es Salaam, Tanzania  |  81Save Our Seas 
Foundation (SOSF), Geneva, Switzerland  |  82Department of Zoology, 
University of Cambridge, Cambridge, UK  |  83Silliman University, 
Dumaguete City, Negros Oriental, Philippines  |  84National Museum of 
Somalia, Mogadishu, Somalia  |  85Centre for Marine Living Resources 
and Ecology (CMLRE), Atal Bhavan, Kochi, Kerala, India  |  86Marine 
Conservation Society Seychelles, Mahé, PO, Seychelles  |  87Emirates 
Nature—World Wide Fund for Nature, Dubai, UAE  |  88Departamento 
de Ecología e Hidrología, Universidad de Murcia, Facultad de Biología, 
Murcia, Spain  |  89School of Ocean Sciences, Bangor University, 
Anglesey, UK  |  90Marbec, Univ Montpellier, CNRS, IFREMER, IRD, 
Sète, France  |  91Department of Ichthyology and Fisheries Science, 
Rhodes University, PO, South Africa  |  92Department of Agricultural & 
Food Science, Faculty of Agriculture, University of Mauritius, Réduit, 
Moka, Mauritius  |  93Faculty of Fisheries Sciences, Hokkaido 
University, Hakodate, Hokkaido, Japan  |  94Indian Ocean Tuna 
Commission (IOTC), Victoria, Seychelles  |  95Environment Seychelles, 
Victoria, Seychelles  |  96Nelson Mandela University, University Way, 
Gqeberha, South Africa  |  97Save Our Seas Foundation D'arros Research 
Centre (SOSF-DRC), Amirantes, Seychelles  |  98Fuvahmulah Dream 
NGO, Fuvahmulah Dive School, Fuvahmulah, Maldives  |  99School of 
Marine and Atmospheric Sciences, Stony Brook University, 
Southampton, New York, USA  |  100University of the Sunshine Coast, 
Sippy Downs, Queensland, Australia  |  101School of Geography and the 
Environment, Oxford University Centre for the Environment, 
University of Oxford, Oxford, UK  |  102Coastal Oceans Research and 
Development in the Indian Ocean (CORDIO) East Africa, Mombasa, 
Kenya  |  103Department of Environment of Hormozgan Province, 
Bandar Abbas, Iran  |  104Faculty of Biology, Medicine & Health, The 
University of Manchester, Manchester, UK  |  105Qeshm Environmental 
Conservation Institute (QECI), Qeshm Island, Iran  |  106Sundive 
Research, Byron Bay, New South Wales, Australia  |  107Pwani 
University, Kilifi, Kenya  |  108Shark Research Institute, Princeton, New 
Jersey, USA  |  109Universidade Lúrio (Lúrio University), Nampula, 
Mozambique  |  110Fundação Quirimbas, Pemba, 
Mozambique  |  111Department of Blue Economy, Ministry of Fisheries 
and the Blue Economy, Antananarivo, Madagascar  |  112Ministry of 
Environment and Sustainable Development (Ministère de 
Environnement et du Développement Durable), Antananarivo, 
Madagascar  |  113Evolutionary Ecology Group, Department of Zoology, 
University of Cambridge, Cambridge, UK  |  114Leibniz Centre for 
Tropical Marine Research (ZMT), Bremen, Germany  |  115University of 
Bremen, Bremen, Germany  |  116Institute of Laboratory Medicine 
(ILM), Faculty of Medical Sciences, Private University in the Principality 
of Liechtenstein (UFL), Triesen, Liechtenstein  |  117Ocean Science and 
Solutions Applied Research Institute, Education Research and 
Innovation Foundation, NEOM, Tabuk, Saudi Arabia  |  118Future Seas 
Global SPC, Mina Al Fahal, Muscat, Sultanate of Oman  |  119James 
Cook University, Townsville, Queensland, Australia

Acknowledgements

The Important Shark and Ray Areas project was funded by the Shark 
Conservation Fund, a philanthropic collaborative pooling expertise 
and resources to meet the threats facing the world's sharks and rays. 
The Shark Conservation Fund is a project of Rockefeller Philanthropy 
Advisors. Special thanks are extended to the Important Shark and 
Ray Areas (ISRA) Independent Review Panel composed of Colin 
Simpfendorfer, Ana Barbosa Martins, Vanessa Jaiteh, and Eva Meyers, 
who reviewed and provided feedback on all ISRA proposals. Finally, we 
thank our web developer Elena Politi for support with the ISRA eAtlas 
and all those who contributed their knowledge and expertise to help de-
lineate ISRAs and Areas of Interest in the Western Indian Ocean region.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The complete information for species, habitats, and ISRA Criteria re-
lated to each one of the ISRAs can be found and downloaded from the 
ISRA website (https://​shark​rayar​eas.​org/​). IUCN distribution maps are 
available on the IUCN Red List website (https://​www.​iucnr​edlist.​org/​).

References

Agnew, D. J., J. Pearce, G. Pramod, et  al. 2009. “Estimating the 
Worldwide Extent of Illegal Fishing.” PLoS One 4, no. 2: e4570.

Akhilesh, K. V., U. Ganga, N. G. K. Pillai, et al. 2011. “Deep-Sea Fishing 
for Chondrichthyan Resources and Sustainability Concerns—A Case 
Study From Southwest Coast of India.” Indian Journal of Geo-Marine 
Sciences 40, no. 3: 347–355.

Almojil, D. 2021. “Local Ecological Knowledge of Fisheries Charts 
Decline of Sharks in Data-Poor Regions.” Marine Policy 132: 104638. 
https://​doi.​org/​10.​1016/j.​marpol.​2021.​104638.

Anderson, R. C., M. S. Adam, A. M. Kitchen-Wheeler, and G. Stevens. 
2011. “Extent and Economic Value of Manta Ray Watching in Maldives.” 
Tourism in Marine Environments 7, no. 1: 15–27. https://​doi.​org/​10.​3727/​
15442​7310X​12826​77278​4793.

Bennett, R. H., D. van Beuningen, A. Bräutigam, et  al. 2022. 
“Chondrichthyans of the Western Indian Ocean: Biodiversity, Fisheries 
and Trade, Management and Conservation.” In A Status Report Prepared 
by the Wildlife Conservation Society for the Nairobi Convention for the 
Protection, Management and Development of the Marine and Coastal 
Environment of the Eastern African Region. Wildlife Conservation 
Society.

Berumen, M. L., C. D. Braun, J. E. Cochran, G. B. Skomal, and S. R. 
Thorrold. 2014. “Movement Patterns of Juvenile Whale Sharks Tagged 
at an Aggregation Site in the Red Sea.” PLoS One 9, no. 7: e103536. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0103536.

Boggio-Pasqua, A., A. L. Flam, and A. D. Marshall. 2019. “Spotting the 
“Small Eyes”: Using Photo-ID Methodology to Study a Wild Population 
of Smalleye Stingrays (Megatrygon microps) in Southern Mozambique.” 
PeerJ 7: e7110. https://​doi.​org/​10.​7717/​peerj.​7110.

Boldrocchi, G., D. Robinson, S. Caprodossi, E. Mancuso, M. Omar, and 
J. V. Schmidt. 2023. “Annual Recurrence of the Critically Endangered 
Bowmouth Guitarfish (Rhina ancylostomus) in Djibouti Waters.” 
Biology-Basel 12, no. 10: 1302. https://​doi.​org/​10.​3390/​biolo​gy121​01302​.

Boyd, C., R. Charles, E. García-Rodríguez, et al. 2025. “Applying the Key 
Biodiversity Area Standard to Important Sites for Sharks.” Conservation 
Letters 18, no. 3: e13117. https://​doi.​org/​10.​1111/​conl.​13117​.

Bullock, R., G. M. Ralph, E. Stump, et al. 2021. The Conservation Status 
of Marine Biodiversity of the Western Indian Ocean IUCN Red List of 
Threatened Species – Regional Assessment; vii + 32 pp., ISBN 978-2-
8317-2098-2., edited by K. E. Carpenter. IUCN.

Buschmann, J., K. G. Roques, J. S. Davies, A. Dissanayake, and J. A. 
Keeping. 2024. “Novel Approach to Studying Marine Fauna: Using 
Long-Life Remote Underwater Video Cameras to Assess Occurrence 
and Behaviour of Threatened and Data-Deficient Elasmobranch Species 
in Southern Mozambique.” Frontiers in Marine Science 11: 1518710.

Cagua, E. F., N. Collins, J. Hancock, and R. Rees. 2014. “Whale Shark 
Economics: A Valuation of Wildlife Tourism in South Ari Atoll, 
Maldives.” PeerJ 2: e515.

Carr, L. A., A. C. Stier, K. Fietz, I. Montero, A. J. Gallagher, and 
J. F. Bruno. 2013. “Illegal Shark Fishing in the Galápagos Marine 
Reserve.” Marine Policy 39: 317–321. https://​doi.​org/​10.​1016/j.​marpol.​
2012.​11.​020.

https://sharkrayareas.org/
https://www.iucnredlist.org/
https://doi.org/10.1016/j.marpol.2021.104638
https://doi.org/10.3727/154427310X12826772784793
https://doi.org/10.3727/154427310X12826772784793
https://doi.org/10.1371/journal.pone.0103536
https://doi.org/10.7717/peerj.7110
https://doi.org/10.3390/biology12101302
https://doi.org/10.1111/conl.13117
https://doi.org/10.1016/j.marpol.2012.11.020
https://doi.org/10.1016/j.marpol.2012.11.020


19 of 22Ecology and Evolution, 2026

Chin, A., F. J. Molloy, D. Cameron, et al. 2023. “Conceptual Frameworks 
and Key Questions for Assessing the Contribution of Marine Protected 
Areas to Shark and Ray Conservation.” Conservation Biology 37, no. 1: 
e13917. https://​doi.​org/​10.​1111/​cobi.​13917​.

Cisneros-Montemayor, A. M., M. Barnes-Mauthe, D. Al-Abdulrazzak, 
E. Navarro-Holm, and U. R. Sumaila. 2013. “Global Economic Value 
of Shark Ecotourism: Implications for Conservation.” Oryx 47, no. 3: 
381–388. https://​doi.​org/​10.​1017/​S0030​60531​2000547.

Clark, M. R., L. Watling, A. A. Rowden, J. M. Guinotte, and C. R. 
Smith. 2014. “Identifying Ecologically or Biologically Significant Areas 
(EBSAs): A Systematic Method and Its Application to Seamounts in 
the South Pacific Ocean.” Marine Policy 49: 137–145. https://​doi.​org/​10.​
1016/j.​marpol.​2014.​03.​017.

Claus, S., N. De Hauwere, B. Vanhoorne, et al. 2014. “Marine Regions: 
Towards a Global Standard for Georeferenced Marine Names and 
Boundaries.” Marine Geodesy 37, no. 2: 99–125. https://​doi.​org/​10.​1080/​
01490​419.​2014.​908516.

Cochran, J. E., A. Kattan, U. Langner, et al. 2024. “Fine-Scale Spatial 
and Temporal Trends in Red Sea Coral Reef Research.” Regional Studies 
in Marine Science 71: 103404.

Collins, C., C. Kerry, A. de Vos, D. Karnad, A. Nuno, and T. B. Letessier. 
2023. “Changes in Illegal Fishing Dynamics in a Large-Scale MPA 
During COVID-19.” Current Biology 33, no. 16: R851–R852. https://​doi.​
org/​10.​1016/j.​cub.​2023.​05.​076.

Compagno, L. J. V. 1982. “The Shark Fauna of the Red Sea.” In Marine 
Science in the Red Sea: Proceedings of the 1982 International Scientific 
Conference on the Red Sea. Bulletin of the Institute of Oceanography 
and Fisheries (Egypt), edited by A. F. A. Latif, A. R. Bayoumi, and M. 
F. Thompson, vol. 9, 381–406. Institute of Oceanography and Fisheries.

Compagno, L. J. V., M. Stehmann, and D. A. Ebert. 1990. “Rhinochimaera 
africana, A New Longnose Chimaera From Southern Africa, 
With Comments on the Systematics and Distribution of the Genus 
Rhinochimaera Garman, 1901 (Chondrichthyes, Chimaeriformes, 
Rhinochimaeridae).” South African Journal of Marine Science 9: 
201–222.

Constance, J., M. R. de Carvalho, D. A. Ebert, et al. 2024. “Torpedo suessii.” 
The IUCN Red List of Threatened Species 2024: e.T161613A124515045.

Constance, J., D. A. Ebert, B. F. Fahmi, B. Simeon, and P. M. Kyne. 2023. 
“Urolophus javanicus.” The IUCN Red List of Threatened Species 2023: 
e.T60095A229337053.

Convention on Biological Diversity (CBD). 2022. Decision Adopted by 
the Conference of the Parties to the Convention on Biological Diversity: 
Kunming–Montreal Global Biodiversity Framework. Convention on 
Biological Diversity (CBD).

Convention on Biological Diversity (CBD). 2022. “Kunming-Montreal 
Global Biodiversity Framework (Decision CBD/COP/15/4).” Secretariat 
of the Convention on Biological Diversity, Montreal, Canada. https://​
www.​cbd.​int/​doc/​decis​ions/​cop-​15/​cop-​15-​dec-​04-​en.​pdf.

Convention on Migratory Species (CMS). 2024. “Decisions of the 
Conference of the Parties to CMS in Effect After Its 14th Meeting.” CMS 
Secretariat. https://​www.​cms.​int/​sites/​​defau​lt/​files/​​docum​ent/​cms_​
cop14_​decis​ions_e.​pdf.

Cowie, R. H., P. Bouchet, and B. Fontaine. 2022. “The Sixth Mass 
Extinction: Fact, Fiction or Speculation?” Biological Reviews 97, no. 2: 
640–663. https://​doi.​org/​10.​1111/​brv.​12710​.

Cragg, J. G. 1971. “Some Statistical Models for Limited Dependent 
Variables With Application to the Demand for Durable Goods.” 
Econometrica 39, no. 5: 829–844. https://​doi.​org/​10.​2307/​1909582.

Crochelet, E., O. Desbonnes, L. Inçaby, et  al. 2025. “Biodiversity and 
Conservation of Elasmobranchs in the Mascarene Islands: Policy 
Implementation and Protection Strategies.” Ocean and Coastal 

Management 270: 107921. https://​doi.​org/​10.​1016/j.​oceco​aman.​2025.​
107921.

Daly, R., S. K. Venables, T. D. Rogers, et  al. 2023. “Persistent 
Transboundary Movements of Threatened Sharks Highlight the 
Importance of Cooperative Management for Effective Conservation.” 
Marine Ecology Progress Series 720: 117–131. https://​doi.​org/​10.​3354/​
meps1​4490.

Day, J., N. Dudley, M. Hockings, et al. 2019. Guidelines for Applying the 
IUCN Protected Area Management Categories to Marine Protected Areas. 
2nd ed. International Union for Conservation of Nature.

Di Cintio, A., F. Niccolini, S. Scipioni, and F. Bulleri. 2023. “Avoiding 
“Paper Parks”: A Global Literature Review on Socioeconomic 
Factors Underpinning the Effectiveness of Marine Protected Areas.” 
Sustainability 15, no. 5: 4464. https://​doi.​org/​10.​3390/​su150​54464​.

Donald, P. F., L. D. Fishpool, A. Ajagbe, et  al. 2019. “Important Bird 
and Biodiversity Areas (IBAs): The Development and Characteristics 
of a Global Inventory of Key Sites for Biodiversity.” Bird Conservation 
International 29, no. 2: 177–198.

Ducatez, S. 2019. “Which Sharks Attract Research? Analyses of the 
Distribution of Research Effort in Sharks Reveal Significant Non-
Random Knowledge Biases.” Reviews in Fish Biology and Fisheries 29: 
355–367. https://​doi.​org/​10.​1007/​s1116​0-​019-​09572​-​2.

Dulvy, N. K., P. M. Kyne, B. Finucci, and W. T. White. 2020. 
“Carcharhinus obsoletus.” The IUCN Red List of Threatened Species 
2020: e.T115696622A115696628.

Dulvy, N. K., N. Pacoureau, J. H. Matsushiba, et al. 2024. “Ecological 
Erosion and Expanding Extinction Risk of Sharks and Rays.” Science 
386, no. 6726: eadn1477. https://​doi.​org/​10.​1126/​scien​ce.​adn1477.

Dulvy, N. K., N. Pacoureau, C. L. Rigby, et al. 2021. “Overfishing Drives 
Over One-Third of All Sharks and Rays Toward a Global Extinction 
Crisis.” Current Biology 31, no. 22: 5118–5119. https://​doi.​org/​10.​1016/j.​
cub.​2021.​11.​008.

Dulvy, N. K., C. A. Simpfendorfer, L. N. Davidson, et al. 2017. “Challenges 
and Priorities in Shark and Ray Conservation.” Current Biology 27, no. 
11: R565–E572. https://​doi.​org/​10.​1016/j.​cub.​2017.​04.​038.

Dwyer, R. G., N. C. Krueck, V. Udyawer, et al. 2020. “Individual and 
Population Benefits of Marine Reserves for Reef Sharks.” Current 
Biology 30, no. 3: 480–489. https://​doi.​org/​10.​1016/j.​cub.​2019.​11.​063.

Ebert, D. A., M. Dando, and S. Fowler. 2021. Sharks of the World: A 
Complete Guide. Princeton University Press.

Elhassan, I. S. 2018. “Occurrence of the Green Sawfish Pristis zijsron in 
the Sudanese Red Sea With Observations on Reproduction.” Endangered 
Species Research 36: 41–47.

Esri. 2024. ArcGIS Pro (Version 3.4). Environmental Systems Research 
Institute.

Everett, B. I., S. T. Fennessy, J. Okondo, M. Kishe, R. Mutombene, and J. 
J. Bé. 2025. “Patterns in the Occurrence of Elasmobranchs in Demersal 
Trawl Catches in the Western Indian Ocean.” Western Indian Ocean 
Journal of Marine Science 1: 67–86. https://​doi.​org/​10.​4314/​wiojms.​
si2025.1.​5.

Faure-Beaulieu, N., A. T. Lombard, J. M. Olbers, et  al. 2023. “A 
Systematic Conservation Plan to Identify Critical Areas for Improved 
Chondrichthyan Protection in South Africa.” Biological Conservation 
284: 110163.

Fennessy, S. T., B. I. Everett, C. F. MacKay, et al. 2025. “Overview of 
the WIO-Benth Project—Benthic Habitats and Megafauna From Soft 
Sediments in the Western Indian Ocean.” WIO Journal of Marine 
Science Special Issue 1: 1–17.

Finucci, B., N. Pacoureau, C. L. Rigby, et al. 2024. “Fishing for Oil and 
Meat Drives Irreversible Defaunation of Deepwater Sharks and Rays.” 

https://doi.org/10.1111/cobi.13917
https://doi.org/10.1017/S0030605312000547
https://doi.org/10.1016/j.marpol.2014.03.017
https://doi.org/10.1016/j.marpol.2014.03.017
https://doi.org/10.1080/01490419.2014.908516
https://doi.org/10.1080/01490419.2014.908516
https://doi.org/10.1016/j.cub.2023.05.076
https://doi.org/10.1016/j.cub.2023.05.076
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cms.int/sites/default/files/document/cms_cop14_decisions_e.pdf
https://www.cms.int/sites/default/files/document/cms_cop14_decisions_e.pdf
https://doi.org/10.1111/brv.12710
https://doi.org/10.2307/1909582
https://doi.org/10.1016/j.ocecoaman.2025.107921
https://doi.org/10.1016/j.ocecoaman.2025.107921
https://doi.org/10.3354/meps14490
https://doi.org/10.3354/meps14490
https://doi.org/10.3390/su15054464
https://doi.org/10.1007/s11160-019-09572-2
https://doi.org/10.1126/science.adn1477
https://doi.org/10.1016/j.cub.2021.11.008
https://doi.org/10.1016/j.cub.2021.11.008
https://doi.org/10.1016/j.cub.2017.04.038
https://doi.org/10.1016/j.cub.2019.11.063
https://doi.org/10.4314/wiojms.si2025.1.5
https://doi.org/10.4314/wiojms.si2025.1.5


20 of 22 Ecology and Evolution, 2026

Science 383, no. 6687: 1135–1141. https://​doi.​org/​10.​1126/​scien​ce.​
ade9121.

Frappi, S., C. Williams, N. Pilcher, et  al. 2023. “New Depth Records 
and Novel Feeding Observations of Three Elasmobranch Species in the 
Eastern Red Sea.” Frontiers in Marine Science 10: 1270257.

García-Rodríguez, E., A. Gonzalez-Pestana, R. Charles, et  al. 2025. 
“Mapping Important Shark and Ray Areas (ISRAs) in the Central and 
South American Pacific: Existing Knowledge and Data Needs.” PLoS 
One 20: e0322445. https://​doi.​org/​10.​1371/​journ​al.​pone.​0322445.

Garzon, F., C. T. Williams, J. E. Cochran, et al. 2022. “A Multi-Method 
Characterization of Elasmobranch Cheloniidae Communities of the 
North-Eastern Red Sea and Gulf of Aqaba.” PLoS One 17, no. 9: e0275511.

Goetze, J. S., M. R. Heithaus, M. A. MacNeil, et  al. 2024. “Directed 
Conservation of the World's Reef Sharks and Rays.” Nature Ecology & 
Evolution 8, no. 6: 1118–1128.

Grorud-Colvert, K., J. Sullivan-Stack, C. Roberts, et al. 2021. “The MPA 
Guide: A Framework to Achieve Global Goals for the Ocean.” Science 
373, no. 6560: eabf0861. https://​doi.​org/​10.​1126/​scien​ce.​abf0861.

Hammerschlag, N., L. H. McDonnell, M. J. Rider, et al. 2022. “Ocean 
Warming Alters the Distributional Range, Migratory Timing, and 
Spatial Protections of an Apex Predator, the Tiger Shark (Galeocerdo 
cuvier).” Global Change Biology 28, no. 6: 1990–2005.

Harris, J. L., P. Hosegood, E. Robinson, C. B. Embling, S. Hilbourne, and 
G. M. Stevens. 2021. “Fine-Scale Oceanographic Drivers of Reef Manta 
Ray (Mobula alfredi) Visitation Patterns at a Feeding Aggregation Site.” 
Ecology and Evolution 11, no. 9: 4588–4604.

Harris, J. L., and G. M. Stevens. 2024. “The Illegal Exploitation of 
Threatened Manta and Devil Rays in the Chagos Archipelago, One of 
the World's Largest No-Take MPAs.” Marine Policy 163: 106110.

Harvey-Carroll, J., J. D. Stewart, D. Carroll, et  al. 2021. “The Impact 
of Injury on Apparent Survival of Whale Sharks (Rhincodon typus) in 
South Ari Atoll Marine Protected Area, Maldives.” Scientific Reports 11: 
937. https://​doi.​org/​10.​1038/​s41598-​020-​79101-​8.

Hattam, C., L. Evans, K. Morrissey, et al. 2020. “Building Resilience in 
Practice to Support Coral Communities in the Western Indian Ocean.” 
Environmental Science & Policy 106: 182–190. https://​doi.​org/​10.​1016/j.​
envsci.​2020.​02.​006.

Henderson, A. C., J. L. McIlwain, H. S. Al-Oufi, and S. Al-Sheili. 
2007. “The Sultanate of Oman Shark Fishery: Species Composition, 
Seasonality and Diversity.” Fisheries Research 86, no. 2–3: 159–168.

Holm, S. 1979. “A Simple Sequentially Rejective Multiple Test 
Procedure.” Scandinavian Journal of Statistics 6, no. 2: 65–70.

Hoyt, E., and G. Notarbartolo di Sciara. 2021. “Important Marine 
Mammal Areas: A Spatial Tool for Marine Mammal Conservation.” 
Oryx 55, no. 3: 330.

Hyde, C. A., G. di Notarbartolo Sciara, L. Sorrentino, et al. 2022. “Putting 
Sharks on the Map: A Global Standard for Improving Shark Area-Based 
Conservation.” Frontiers in Marine Science 9: 968853. https://​doi.​org/​10.​
3389/​fmars.​2022.​968853.

Işik, K. 2011. “Rare and Endemic Species: Why Are They Prone to 
Extinction?” Turkish Journal of Botany 35, no. 4: 411–417.

IUCN. 2016. A Global Standard for the Identification of Key Biodiversity 
Areas, Version 1.0. 1st ed. International Union for Conservation of 
Nature.

IUCN. 2025. The IUCN Red List of Threatened Species (Version 2025–1). 
International Union for Conservation of Nature. https://​doi.​org/​10.​
15468/​​0qnb58.

IUCN Species Survival Commission Shark Specialist Group (IUCN SSC 
SSG). 2024. Important Shark and Ray Area (ISRA): Guidance on Criteria 
Application. IUCN SSC SSG.

Jabado, R. W. 2018. “The Fate of the Most Threatened Order of 
Elasmobranchs: Shark-Like Batoids (Rhinopristiformes) in the Arabian 
Sea and Adjacent Waters.” Fisheries Research 204: 448–457. https://​
www.​iucnr​edlist.​org/​speci​es/​60095/​​22933​7053.

Jabado, R. W., M. Antonopoulou, M. Möller, A. S. Al Suweidi, A. M. 
Al Suwaidi, and D. Mateos-Molina. 2021. “Baited Remote Underwater 
Video Surveys to Assess Relative Abundance of Sharks and Rays in 
a Long Standing and Remote Marine Protected Area in the Arabian 
Gulf.” Journal of Experimental Marine Biology and Ecology 540: 151565. 
https://​doi.​org/​10.​1016/j.​jembe.​2021.​151565.

Jabado, R. W., P. M. Kyne, E. García-Rodríguez, et  al. 2023. Western 
Indian Ocean: A Regional Compendium of Important Shark and Ray 
Areas. IUCN SSC Shark Specialist Group. https://​www.​iucnr​edlist.​org/​
speci​es/​60095/​​22933​7053.

Jabado, R. W., P. M. Kyne, R. A. Pollom, et al. 2018. “Troubled Waters: 
Threats and Extinction Risk of the Sharks, Rays and Chimaeras of the 
Arabian Sea and Adjacent Waters.” Fish and Fisheries 19, no. 6: 1043–
1062. https://​www.​iucnr​edlist.​org/​speci​es/​60095/​​22933​7053.

Jabado, R. W., and J. L. Y. Spaet. 2017. “Elasmobranch Fisheries in the 
Arabian Seas Region: Characteristics, Trade and Management.” Fish 
and Fisheries 18, no. 6: 1096–1118. https://​doi.​org/​10.​1111/​faf.​12227​.

Jacoby, D. M., F. Ferretti, R. Freeman, et  al. 2020. “Shark Movement 
Strategies Influence Poaching Risk and Can Guide Enforcement 
Decisions in a Large, Remote Marine Protected Area.” Journal of 
Applied Ecology 57, no. 9: 1782–1792.

Jonsson, P. R., P. O. Moksnes, H. Corell, E. Bonsdorff, and M. Nilsson 
Jacobi. 2020. “Ecological Coherence of Marine Protected Areas: New 
Tools Applied to the Baltic Sea Network.” Aquatic Conservation 30, no. 
4: 743–760.

Karnad, D., A. Barnes, S. Mukherji, S. Narayani, and R. W. Jabado. 2024. 
“Fisher Insights Into Rhino Ray Status, Utilisation, and Conservation at 
Five Major Fishing Harbours in India.” Endangered Species Research 
53: 49–66.

Keck, F., T. Peller, R. Alther, et al. 2025. “The Global Human Impact 
on Biodiversity.” Nature 641: 395–400. https://​doi.​org/​10.​1038/​s4158​6-​
025-​08752​-​2.

Knip, D. M., M. R. Heupel, and C. A. Simpfendorfer. 2012. “Evaluating 
Marine Protected Areas for the Conservation of Tropical Coastal 
Sharks.” Biological Conservation 148, no. 1: 200–209. https://​doi.​org/​10.​
1016/j.​biocon.​2012.​01.​008.

Kock, A. A., A. T. Lombard, R. Daly, et al. 2022. “Sex and Size Influence 
the Spatiotemporal Distribution of White Sharks, With Implications for 
Interactions With Fisheries and Spatial Management in the Southwest 
Indian Ocean.” Frontiers in Marine Science 9: 811985.

Kyne, P. M., P. Carlson, R. M. Aitchison, et al. 2024. “Global Status and 
Research Priorities for Rhino Rays.” Endangered Species Research 55: 
129–140.

Kyne, P. M., R. W. Jabado, C. L. Rigby, et al. 2020. “The Thin Edge of 
the Wedge: Extremely High Extinction Risk in Wedgefishes and Giant 
Guitarfishes.” Aquatic Conservation 30, no. 7: 1337–1361. https://​doi.​
org/​10.​1126/​scien​ce.​adn1477.

Last, P., G. Naylor, B. Séret, W. White, M. de Carvalho, and M. Stehmann. 
2016. Rays of the World, edited by editors. CSIRO Publishing.

MacNeil, M. A., D. D. Chapman, M. Heupel, et al. 2020. “Global Status 
and Conservation Potential of Reef Sharks.” Nature 583, no. 7818: 801–
806. https://​doi.​org/​10.​1038/​s4158​6-​020-​2519-​y.

Mateos-Molina, D., I. Bejarano, S. J. Pittman, M. Möller, M. 
Antonopoulou, and R. W. Jabado. 2024. “Coastal Lagoons in The United 
Arab Emirates Serve as Critical Habitats for Globally Threatened 
Marine Megafauna.” Marine Pollution Bulletin 200: 116117. https://​
www.​iucnr​edlist.​org/​speci​es/​60095/​​22933​7053.

https://doi.org/10.1126/science.ade9121
https://doi.org/10.1126/science.ade9121
https://doi.org/10.1371/journal.pone.0322445
https://doi.org/10.1126/science.abf0861
https://doi.org/10.1038/s41598-020-79101-8
https://doi.org/10.1016/j.envsci.2020.02.006
https://doi.org/10.1016/j.envsci.2020.02.006
https://doi.org/10.3389/fmars.2022.968853
https://doi.org/10.3389/fmars.2022.968853
https://doi.org/10.15468/0qnb58
https://doi.org/10.15468/0qnb58
https://www.iucnredlist.org/species/60095/229337053
https://www.iucnredlist.org/species/60095/229337053
https://doi.org/10.1016/j.jembe.2021.151565
https://www.iucnredlist.org/species/60095/229337053
https://www.iucnredlist.org/species/60095/229337053
https://www.iucnredlist.org/species/60095/229337053
https://doi.org/10.1111/faf.12227
https://doi.org/10.1038/s41586-025-08752-2
https://doi.org/10.1038/s41586-025-08752-2
https://doi.org/10.1016/j.biocon.2012.01.008
https://doi.org/10.1016/j.biocon.2012.01.008
https://doi.org/10.1126/science.adn1477
https://doi.org/10.1126/science.adn1477
https://doi.org/10.1038/s41586-020-2519-y
https://www.iucnredlist.org/species/60095/229337053
https://www.iucnredlist.org/species/60095/229337053


21 of 22Ecology and Evolution, 2026

Moore, A. B. M. 2017. “Are Guitarfishes the Next Sawfishes? Extinction 
Risk and an Urgent Call for Conservation Action.” Endangered Species 
Research 34: 75–88. https://​doi.​org/​10.​3354/​esr00830.

Mouton, T. L., A. Gonzalez-Pestana, C. A. Rohner, et al. 2024. “Shortfalls 
in the Protection of Important Shark and Ray Areas Undermine Shark 
Conservation Efforts in the Central and South American Pacific.” 
Marine Policy 171: 106448.

Norman, B. M., J. A. Holmberg, Z. Arzoumanian, et al. 2017. “Undersea 
Constellations: The Global Biology of an Endangered Marine 
Megavertebrate Further Informed Through Citizen Science.” Bioscience 
67, no. 12: 1029–1043. https://​doi.​org/​10.​1093/​biosci/​bix127.

O'Connor, B., and N. Cullain. 2021. “Distribution and Community 
Structure of At-Risk and Data Deficient Elasmobranchs in Zavora Bay, 
Mozambique.” African Journal of Marine Science 43, no. 4: 521–532.

OpenStreetMap Contributors. 2024. “OpenStreetMap [Data Set].” 
OpenStreetMap Foundation, Available as Open Data Under the Open 
Data Commons Open Database License (ODbL). https://​opens​treet​
map.​org/​.

O'Shea, O. R., M. J. Kingsford, and J. Seymour. 2010. “Tide-Related 
Periodicity of Manta Rays and Sharks to Cleaning Stations on a Coral 
Reef.” Marine and Freshwater Research 61, no. 1: 65–73.

Osieck, E. R., M. F. Bruyns, and B. Hallmann. 1981. Important Bird 
Areas in the European Community: A Contribution to a Preliminary 
Inventory of Areas of Particular Importance for the Conservation of Birds 
and Wetlands Considered of International Importance. International 
Council for Bird Preservation.

Osuka, K. E., M. A. Samoilys, P. Musembi, C. J. Thouless, C. Obota, 
and J. Rambahiniarison. 2025. “Status and Characteristics of Sharks 
and Rays Impacted by Artisanal Fisheries: Potential Implications for 
Management and Conservation.” Marine & Fishery Sciences 38, no. 1: 
21–39. https://​doi.​org/​10.​47193/​​mafis.​38120​25010101.

Pacoureau, N., C. L. Rigby, P. M. Kyne, et al. 2021. “Half a Century of 
Global Decline in Oceanic Sharks and Rays.” Nature 589, no. 7843: 567–
571. https://​doi.​org/​10.​1038/​s4158​6-​020-​03173​-​9.

Palacios, M. D., J. D. Stewart, D. A. Croll, et al. 2023. “Manta and Devil 
Ray Aggregations: Conservation Challenges and Developments in the 
Field.” Frontiers in Marine Science 10: 1148234.

Pearce, J. R., T. D. Linley, T. Bond, and A. J. Jamieson. 2023. “Depth 
Distribution of the Bigeye Hound Shark Iago Omanensis and Other 
Deep-Sea Species Observed by Baited-Camera in the Red Sea.” Journal 
of the Marine Biological Association of the United Kingdom 103: e8.

Pierce, S. J., J. A. Holmberg, A. L. Kock, and A. D. Marshall. 2018. 
“Photographic Identification of Sharks.” In Shark Research: Emerging 
Technologies and Applications for the Field and Laboratory, edited by J. 
C. Carrier, M. R. Heithaus, and C. A. Simpfendorfer, 219–234. CRC Press.

Pollom, R. A., J. Cheok, N. Pacoureau, et  al. 2024. “Overfishing and 
Climate Change Elevate Extinction Risk of Endemic Sharks and Rays 
in the Southwest Indian Ocean Hotspot.” PLoS One 19, no. 9: e0306813. 
https://​doi.​org/​10.​1038/​s4158​6-​020-​03173​-​9.

Purgar, M., T. Klanjscek, and A. Culina. 2022. “Quantifying Research 
Waste in Ecology.” Nature Ecology & Evolution 6, no. 9: 1390–1397.

Queiroz, N., N. E. Humphries, A. Couto, et al. 2019. “Global Spatial Risk 
Assessment of Sharks Under the Footprint of Fisheries.” Nature 572, no. 
7770: 461–466.

R Core Team. 2021. R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing.

Robinson, D. P., M. Y. Jaidah, S. Bach, et al. 2016. “Population Structure, 
Abundance and Movement of Whale Sharks in the Arabian Gulf and the 
Gulf of Oman.” PLoS One 11, no. 6: e0158593.

Rohner, C. A., A. J. Richardson, E. García-Rodríguez, et  al. 2025. 
“Important Shark and Ray Areas (ISRA) Can Inform Conservation 

Planning in the Mediterranean and Black Seas.” iScience 28, no. 8: 
113192. https://​doi.​org/​10.​1016/j.​isci.​2025.​113192.

Rowat, D., and U. Engelhardt. 2007. “Seychelles: A Case Study 
of Community Involvement in the Development of Whale Shark 
Ecotourism and Its Socio-Economic Impact.” Fisheries Research 84, no. 
1: 109–113.

Samoilys, M., K. E. Osuka, R. Roche, H. Koldewey, and P. Chabanet. 
2025. “Effects of Protection on Large-Bodied Reef Fishes in the Western 
Indian Ocean.” Conservation Biology 39, no. 4: e14430. https://​doi.​org/​
10.​1111/​cobi.​14430​.

Sattar, S. A., E. Wood, M. Ushan, and K. Ali. 2014. Overview of the 
Sharkwatch Programme: 2009–2013. Marine Research Centre, Marine 
Conservation Society. https://​www.​mrc.​gov.​mv.

Sethi, S. A., and R. Hilborn. 2008. “Interactions Between Poaching and 
Management Policy Affect Marine Reserves as Conservation Tools.” 
Biological Conservation 141, no. 2: 506–516.

Sherman, C. S., C. A. Simpfendorfer, N. Pacoureau, et al. 2023. “Half 
a Century of Rising Extinction Risk of Coral Reef Sharks and Rays.” 
Nature Communications 14, no. 1: 15. https://​doi.​org/​10.​1038/​s4158​6-​
020-​03173​-​9.

Sherman, K., and A. M. Duda. 1999. “Large Marine Ecosystems: An 
Emerging Paradigm for Fishery Sustainability.” Fisheries 24, no. 12: 
15–26.

Spijkers, J., J. H. Ford, C. Wilcox, et al. 2023. Estimating Illegal Fishing 
Across the Indian Ocean. CSIRO.

Sreekanth, G. B., A. K. Jaiswar, H. B. Shivkumar, B. Manikandan, and 
E. B. Chakurkar. 2020. “Fish Composition and Assemblage Structure 
in Tropical Monsoonal Estuaries: Estuarine Use and Feeding Guild 
Approach.” Estuarine, Coastal and Shelf Science 244: 106911.

Sundblad, G., U. Bergström, and A. Sandström. 2011. “Ecological 
Coherence of Marine Protected Area Networks: A Spatial Assessment 
Using Species Distribution Models.” Journal of Applied Ecology 48, no. 
1: 112–120.

Temple, A. J., P. Berggren, N. Jiddawi, et al. 2024. “Linking Extinction 
Risk to the Economic and Nutritional Value of Sharks in Small-Scale 
Fisheries.” Conservation Biology 38, no. 6: e14292.

Temple, A. J., J. J. Kiszka, S. M. Stead, et al. 2018. “Marine Megafauna 
Interactions With Small-Scale Fisheries in the Southwestern 
Indian Ocean: A Review of Status and Challenges for Research and 
Management.” Reviews in Fish Biology and Fisheries 28, no. 1: 89–115.

Tetley, M. J., G. T. Braulik, C. Lanfredi, et  al. 2022. “The Important 
Marine Mammal Area Network: A Tool for Systematic Spatial Planning 
in Response to the Marine Mammal Habitat Conservation Crisis.” 
Frontiers in Marine Science 9: 841789.

UNEP-Nairobi Convention, and WIOMSA. 2021. “Western Indian 
Ocean Marine Protected Areas Outlook: Towards Achievement of the 
Global Biodiversity Framework Targets.” United Nations Environment 
Programme, Nairobi, Kenya, 298. https://​www.​wiomsa.​org/​wp-​conte​
nt/​uploa​ds/​2021/​07/​WIOMP​AO.​pdf.

UNEP-WCMC. 2019. UNEP-WCMC Annual Review 2019. United 
Nations Environment Programme World Conservation Monitoring 
Centre.

UNEP-WCMC, and IUCN. 2025. “Protected Planet: The World Database 
on Protected Areas (WDPA)” [Internet]. UNEP-WCMC & IUCN, 
Cambridge, UK. https://​www.​prote​ctedp​lanet.​net/​, https://​doi.​org/​10.​
34892/​​6fwd-​af11.

United Nations. 2023. Agreement Under the United Nations Convention 
on the Law of the Sea on the Conservation and Sustainable Use of 
Marine Biological Diversity of Areas Beyond National Jurisdiction 
(BBNJ Agreement). United Nations. https://​digit​allib​rary.​un.​org/​record/​
4008578.

https://doi.org/10.3354/esr00830
https://doi.org/10.1093/biosci/bix127
https://openstreetmap.org/
https://openstreetmap.org/
https://doi.org/10.47193/mafis.3812025010101
https://doi.org/10.1038/s41586-020-03173-9
https://doi.org/10.1038/s41586-020-03173-9
https://doi.org/10.1016/j.isci.2025.113192
https://doi.org/10.1111/cobi.14430
https://doi.org/10.1111/cobi.14430
https://www.mrc.gov.mv
https://doi.org/10.1038/s41586-020-03173-9
https://doi.org/10.1038/s41586-020-03173-9
https://www.wiomsa.org/wp-content/uploads/2021/07/WIOMPAO.pdf
https://www.wiomsa.org/wp-content/uploads/2021/07/WIOMPAO.pdf
https://www.protectedplanet.net/
https://doi.org/10.34892/6fwd-af11
https://doi.org/10.34892/6fwd-af11
https://digitallibrary.un.org/record/4008578
https://digitallibrary.un.org/record/4008578


22 of 22 Ecology and Evolution, 2026

van der Elst, R., B. Everett, N. Jiddawi, G. Mwatha, P. S. Afonso, and D. 
Boulle. 2005. “Fish, Fishers and Fisheries of the Western Indian Ocean: 
Their Diversity and Status. A Preliminary Assessment.” Philosophical 
Transactions. Mathematical, Physical and Engineering Sciences 363, no. 
1826: 263–284. http://​www.​jstor.​org/​stable/​30039798.

Wafar, M., K. Venkataraman, B. Ingole, S. Ajmal Khan, and P. 
LokaBharathi. 2011. “State of Knowledge of Coastal and Marine 
Biodiversity of Indian Ocean Countries.” PLoS One 6, no. 1: e14613.

Wallace, B. P., Z. A. Posnik, B. J. Hurley, et  al. 2023. “Marine Turtle 
Regional Management Units 2.0: An Updated Framework for 
Conservation and Research of Wide-Ranging Megafauna Species.” 
Endangered Species Research 52: 209–223. https://​doi.​org/​10.​3354/​
ESR01243.

Wambiji, N., N. I. Kadagi, B. I. Everett, et al. 2022. “Integrating Long-
Term Citizen Science Data and Contemporary Artisanal Fishery Survey 
Data to Investigate Recreational and Small-Scale Shark Fisheries in 
Kenya.” Aquatic Conservation: Marine and Freshwater Ecosystems 32, 
no. 8: 1306–1322.

Weigmann, S., D. Didier, B. Finucci, et  al. 2024. “Biodiversity, 
Taxonomy, and Systematics of Extant Chondrichthyan Fishes.” In The 
Global Status of Sharks, Rays, and Chimaeras, edited by R. W. Jabado, 
A. Z. A. Morata, R. H. Bennett, et al., 7–30. IUCN. https://​doi.​org/​10.​
59216/​​ssg.​gsrsrc.​2024.

Welsh, A. H., R. B. Cunningham, C. F. Donnelly, and D. B. Lindenmayer. 
1996. “Modelling the Abundance of Rare Species: Statistical Models 
for Counts With Extra Zeros.” Ecological Modelling 88, no. 3: 297–308. 
https://​doi.​org/​10.​1016/​0304-​3800(95)​00113​-​1.

White, W. T., P. M. Kyne, and M. Harris. 2019. “Lost Before Found: A 
New Species of Whaler Shark Carcharhinus obsolerus From the Western 
Central Pacific Known Only From Historic Records.” PLoS One 14, no. 
1: e0209387.

Womersley, F. C., L. L. Sousa, N. E. Humphries, et al. 2024. “Climate-
Driven Global Redistribution of an Ocean Giant Predicts Increased 
Threat From Shipping.” Nature Climate Change 14, no. 12: 1282–1291. 
https://​doi.​org/​10.​1038/​s4155​8-​024-​02129​-​5.

World Bank. 2024. “World Development Indicators” [Internet]. World 
Bank, Washington, DC. https://​datab​ank.​world​bank.​org/​source/​world-​
devel​opment-​indic​ators​.

WWF. 2023. The Missing Millions From Shrimp and Tuna Fisheries in the 
South West Indian Ocean. World Wide Fund for Nature. https://​wwfeu.​
awsas​sets.​panda.​org/​downl​oads/​wwf___​iuu_​fishi​ng_​of_​shrimp_​
and_​tuna_​in_​the_​south_​west_​indian_​ocean___​may_​2023.​pdf.

Zimmerhackel, J. S., M. E. Kragt, A. A. Rogers, K. Ali, and M. G. 
Meekan. 2019. “Evidence of Increased Economic Benefits From Shark-
Diving Tourism in the Maldives.” Marine Policy 100: 21–26.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Appendix S1: ece372690-sup-0001-
supinfo.docx. Data S1: ece372690-sup-0002-DataS1.xlsx. 

http://www.jstor.org/stable/30039798
https://doi.org/10.3354/ESR01243
https://doi.org/10.3354/ESR01243
https://doi.org/10.59216/ssg.gsrsrc.2024
https://doi.org/10.59216/ssg.gsrsrc.2024
https://doi.org/10.1016/0304-3800(95)00113-1
https://doi.org/10.1038/s41558-024-02129-5
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://wwfeu.awsassets.panda.org/downloads/wwf___iuu_fishing_of_shrimp_and_tuna_in_the_south_west_indian_ocean___may_2023.pdf
https://wwfeu.awsassets.panda.org/downloads/wwf___iuu_fishing_of_shrimp_and_tuna_in_the_south_west_indian_ocean___may_2023.pdf
https://wwfeu.awsassets.panda.org/downloads/wwf___iuu_fishing_of_shrimp_and_tuna_in_the_south_west_indian_ocean___may_2023.pdf

	Only One Percent of Important Shark and Ray Areas in the Western Indian Ocean Are Fully Protected From Fishing Pressure
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Area
	2.2   |   ISRA Delineation
	2.3   |   Classification of Research Methods
	2.4   |   Spatial Overlap Analyses
	2.5   |   Factors Influencing ISRA Delineation

	3   |   Results
	3.1   |   ISRA Delineation
	3.2   |   Classification of Research Methods
	3.3   |   Spatial Overlap Analyses
	3.4   |   Factors Influencing ISRA Delineation

	4   |   Discussion
	4.1   |   ISRA Delineation, Criteria, and Qualifying Species
	4.2   |   Diversity of Qualifying Species
	4.3   |   Geographic Coverage

	5   |   Conclusions
	Author Contributions
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement
	References


