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Abstract

Marine protected areas (MPAs) are key tools in addressing the global decline of sharks
and rays, and marine parks and shark sanctuaries of various configurations have been
established to conserve shark populations. However, assessments of their efficacy are
compromised by inconsistent terminology, lack of standardized approaches to assess how
MPAs contribute to shark and ray conservation, and ambiguity about how to integrate
movement data in assessment processes. We devised a conceptual framework to standard-
ize key terms (e.g., protection, contribution, potential impact, risk, threat) and used the concept
of portfolio risk to identify key attributes of sharks and rays (assets), the threats they face
(portfolio risk), and the specific role of MPAs in risk mitigation (insurance). Movement
data can be integrated into the process by informing risk exposure and mitigation through
MPAs. The framework is operationalized by posing 8 key questions that prompt practi-
tioners to consider the assessment scope, MPA type and purpose, range of existing and
potential threats, species biology and ecology, and management and operational contexts.
Ultimately, MPA contributions to shark and ray conservation differ according to a com-
plex set of human and natural factors and interactions that should be carefully considered
in MPA design, implementation, and evaluation.
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Marcos conceptuales y preguntas clave para evaluar la contribución de las áreas marinas
protegidas a la conservación de tiburones y rayas
Resumen: Las áreas marinas protegidas (AMP) son herramientas importantes para mane-
jar la declinación mundial de tiburones y rayas, por lo que se han establecido parques
marinos y santuarios de diversas configuraciones para conservar las poblaciones de
tiburones. Sin embargo, el análisis de su eficiencia está compuesto por una terminología
inconstante, la falta de estrategias estandarizadas para evaluar cómo las AMP contribuyen
a la conservación de tiburones y rayas, y una ambigüedad sobre cómo integrar la informa-
ción sobre movimientos en los procesos de evaluación. Diseñamos un marco conceptual
para estandarizar los términos más importantes (p. ej.: protección, contribución, impacto potencial,
amenaza, riesgo) y usamos el concepto de riesgo de portafolio para identificar los atributos
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clave de los tiburones y las rayas (activos), las amenazas que enfrentan (riesgo de portafolio)
y el papel específico que juegan las AMP en la mitigación del riesgo (seguro). La informa-
ción sobre los movimientos puede integrarse al proceso al guiar la exposición y mitigación
del riesgo con las AMP. El marco conceptual es operado con el planteamiento de ocho
preguntas clave que invitan a los practicantes a considerar el enfoque de la evaluación,
el tipo de AMP y su propósito, gama de amenazas existentes y potenciales, la biología y
ecología de las especies, y los contextos operativos y de manejo. Finalmente, las contribu-
ciones que tienen las AMP a la conservación de los tiburones y las rayas difieren de acuerdo
con un conjunto complejo de factores naturales y humanos e interacciones que deberían
considerarse cuidadosamente en el diseño, implementación y evaluación de la AMP.

PALABRAS CLAVE

AMP, áreas protegidas, evaluación de riesgo, gestión de ecosistemas, marino, pesquerías
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INTRODUCTION

Sharks and rays are among the most threatened marine taxa,
with up to one-quarter of chondrichthyans threatened with
extinction (Dulvy et al., 2014). Overfishing is driving declines,
but pollution, habitat loss and degradation, and climate change
all affect sharks and rays (Chin et al., 2010; Dulvy et al., 2014).
Although shark and ray declines are usually framed as poten-
tial losses in biodiversity and ecosystem services, these declines
also threaten social, cultural, and economic values. Sharks and
rays are major components of large-scale commercial fisheries
as targets and bycatch (Clarke et al., 2014) and are vital to some
small-scale fisheries (Jaiteh et al., 2016). Sharks and rays also play
an important role in ecotourism (Gallagher et al., 2015) and have
important cultural values (e.g., Dell’Apa et al., 2014).

Many threatened sharks and rays occur in heavily fished areas,
and several global hotspots are urgently in need of conser-
vation (Dulvy et al., 2014, 2017; MacNeil et al., 2020). Many
hotspots are in waters of developing nations that have relatively
low conservation and management capacity (Dulvy et al., 2014;
Pomeroy & Andrew, 2011). These challenges mean that conven-
tional fisheries management approaches, such as stock assess-
ments, centralized fisheries management, and formal monitor-

ing, control, surveillance, and enforcement systems, may not
be viable, especially for small-scale fisheries that are highly
dispersed, diverse, and complex (Pomeroy & Andrew, 2011).

Marine protected areas (MPAs) are effective species conser-
vation and fisheries management tools (Green et al., 2014),
although outcomes for mobile and long-lived predators, such
as sharks, are highly variable (Dwyer et al., 2020). Where MPAs
prohibit extractive activities, such as fishing, they help main-
tain or enhance fish populations (Russ et al., 2015) and support
ecosystem functioning. Coastal fisheries in developing nations
may best be managed with MPAs because centralized manage-
ment structures and locally driven needs can be accommodated
(Jupiter et al., 2014). In addition to reducing exposure to fishing
pressure (Doherty et al., 2017; Knip et al., 2012; White et al.,
2017), MPAs may conserve sharks and rays by protecting aggre-
gation sites and migration corridors, including for wide-ranging
pelagic species (Boerder et al., 2019). Though animal movement
is rarely considered when designing MPAs (Martín et al., 2020),
very large MPAs that encompass vast ocean areas can conceiv-
ably protect even wide-ranging species (Singleton & Roberts,
2014). Thus, there are calls for more MPAs to be established
to conserve threatened sharks and rays (Davidson & Dulvy,
2017).
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Concerns have been raised about the drivers of MPA estab-
lishment (Singleton & Roberts, 2014) and whether they meet
their conservation objectives (Dulvy, 2013; Leenhardt et al.,
2013; Rife et al., 2013) or are merely paper parks (Pieraccini
et al., 2017). Telemetry studies provide opportunities to assess
how MPAs may protect sharks and rays, but approaches typically
use relatively simple comparisons, such as the time that tracked
individuals spend inside versus outside of an MPA (e.g., da Silva
et al., 2013; Doherty et al., 2017; Knip et al., 2012), or a species’
potential range compared with MPA size (Green et al., 2014;
White et al., 2017). Focusing on a species’ spatial and temporal
overlap with MPA boundaries is unlikely to adequately describe
an MPA’s contribution to shark and ray conservation because
MPAs vary by type and purpose and sharks and rays have a
wide range of life-history traits and strategies, population struc-
tures (Cortés, 2004; Wearmouth & Sims, 2008), and behaviors
(Dwyer et al., 2020). Furthermore, an MPA’s contribution to a
species’ conservation depends on it mitigating the wide spec-
trum of potential threats and its role among other management
approaches.

We devised a framework to assess an MPA’s contribution
to shark and ray conservation; applied it to case studies; and
demonstrated how telemetry data could be used within the
framework. We also developed key questions to guide its
application.

Approach

Our work emerged from concerns expressed by marine park
managers about narratives regarding MPAs and shark and ray
conservation. We reviewed the literature on environmental risk
assessment and MPA evaluation that focuses on sharks and
rays. Key terms and concepts were identified and presented at a
workshop of marine park managers and researchers (Appendix
S1). Workshop attendees provided input about key questions
scientists and managers should address when seeking to under-
stand an MPA’s role in shark and ray conservation. Resulting
terminology, concepts, and frameworks were revised with
workshop attendees and others until consensus was reached.

Need for consistent terminology

Terminology used to describe MPAs and shark and ray con-
servation is wide ranging, especially descriptions of movement
patterns and how these affect exposure to risks, such as fishing
and habitat loss and MPA efficacy. Our literature review, work-
shop, and iterative discussions identified a set of commonly used
key terms and their definitions relative to shark and ray move-
ment and telemetry studies (Appendix S2). We defined an MPA
as “a clearly defined geographical space, recognized, dedicated
and managed, through legal or other effective means, to achieve
the long-term conservation of nature with associated ecosys-
tem services and cultural values” (Dudley, 2008). Chapman et al.
(2015) clarified shark habitat- and movement-type terminology,
but risk assessment and MPA effects terms are not well defined.
We identified and defined the following terms: asset, contribution,

exposure, potential impact, protection, rebound potential, risk, sensitivity,
and threat (Table 1).

Some researchers use binary, value-associated terms, such as
complete or incomplete protection or adequate or inadequate protection
(e.g., White et al., 2017) to discuss contribution. Others sim-
ply state that MPAs provide protection without describing the
extent or adequacy of the protection provided (e.g., Doherty
et al., 2017; Knip et al., 2012). The former approach oversim-
plifies the complexity of the issues because arguably all MPAs
can provide some benefit to the species, even if only indirectly.
Thus, binary, value-associated descriptors may be inaccurate.
The latter approach is perhaps more accurate, but ambigu-
ity about protection extent does not help managers identify
the best conservation options. Describing the level of pro-
tection an MPA provides can also imply that the MPA was
designed to protect sharks and rays, which is not always true.
For example, populations of some sharks in the Great Barrier
Reef Marine Park may be recovering (Espinoza et al., 2014), but
these MPAs were not specifically designed to protect sharks and
rays.

We propose that protection be used to describe how an MPA
protects specific parts of the population from specific risks and
that contribution be used when discussing an MPA’s role in a
species’ or population’s overall conservation (Table 1). Contribu-
tion also recognizes that any adequately implemented MPA may
contribute to shark and ray conservation through indirect bene-
fits and highlights that MPAs often exist among a range of other
management actions. We hope using these terms will improve
clarity and consistency in discussions about MPA roles in shark
and ray conservation.

FRAMEWORK FOR ASSESSING RISKS AND
MPA CONSERVATION CONTRIBUTIONS

The complexity of components and interactions affecting an
MPA’s contribution to shark and ray conservation is analogous
to that faced in financial risk assessment and asset management.
The financial concept of portfolio risk describes the complex
suite of risks in an asset portfolio over time (Connor et al.,
2010). To mitigate portfolio risks, asset managers, for example,
diversify and use insurance. We used these concepts to con-
struct a framework for shark–MPA interactions and identified 4
key components (Figure 1): assessment context, asset portfolio,
portfolio risk, and insurance and mitigation. Each component
consists of several attributes that need to be considered to assess
an MPA’s contribution to shark and ray conservation.

Assessment context

The assessment context describes the scope and scale of the
assessment, describing spatial scale (local, national, regional,
global), temporal scale (current, future), and conservation con-
text (individuals, populations, species). Being explicit about
scope and scale means assessments are explained in the relevant
context and are thus comparable and more precise (Chin et al.,
2010).
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4 of 13 CHIN ET AL.

FIGURE 1 Components of steps in a framework for assessing the contribution of marine protected areas to shark and ray conservation (red boxes, telemetry
data provide information to help define species attributes and exposure). When combined, these components and their interactions comprise the overall portfolio
risk of a species or population

Asset portfolio

The asset is the shark or ray individual or the population and
its collective attributes. These include spatial and behavioral

attributes (range, distribution, residency, migration and philopa-
try, activity space, population structuring, and habitat use) and
biophysical attributes (life-history traits, biological productivity
and rebound potential, abundance or rarity, and conservation
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TABLE 1 Key terms and definitions for assessments of risk and how
marine protected areas contribute to the conservation of sharks and rays

Key term Definition

Asset Natural resource that may require
protection (e.g., sharks and rays, mobile
marine species)

Contribution An MPA’s overall contribution to a species’
or population’s conservation;
determining contribution requires
consideration of the full spectrum of
threats to the species or population and
of existing conservation and
management arrangements and measures
and tools, which allows an MPA’s
potential conservation contribution to be
placed in a realistic context

Exposure Amount of interaction between an
individual or population and a specific
threat (i.e., the amount of overlap
between a species’ activity space and the
footprint of a threat [e.g., fishing effort])

Potential impact A threat’s effect on individuals and
populations; determined by the species’
exposure and sensitivity to the threat
(Chin et al., 2010); potential impacts of
threats need to be understood to
determine how an MPA reduces threat
impact (see protection below); here, impact
is related to risk, not to MPA
effectiveness

Protection Extent to which a management action
addresses specific risks; MPAs provide
direct benefits by reducing an individual,
species, or populations’ exposure to
threats, such as fishing while individuals
are in the MPA; MPAs provide indirect
benefits by preserving ecological
conditions and processes that support
populations

Rebound potential Measure of the ability of a species or
population to recover from exploitation
or environmental shocks

Risk Probability and significance of an adverse
event occurring that negatively affects an
asset; often expressed as a categorical
range (i.e., low to high) derived from the
species’ exposure to threats and the
consequence or impact of the interaction

Sensitivity Species’ innate susceptibility to a specific
threat; variables that contribute to
species’ susceptibility may include
life-history traits, population structure,
rebound potential, conservation status,
distribution, rarity, and dependence on
particular habitat type or location

Threat Specific activity, process, or phenomenon,
either naturally occurring or
anthropogenic, that could affect
individuals, species, and populations

status). Collectively, these attributes define a species’ exposure
and sensitivity to threats.

Sharks and rays have diverse movement and habitat use pat-
terns that affect their exposure to threats and the potential
benefit gained from an MPA. A large overlap between a species
core activity space and a threat indicates high risk exposure,
and MPA protection can be expressed as the amount of overlap
between an MPA’s boundaries and the species activity space. In
many instances, threat exposure and MPA protection is inferred
from telemetry data on species’ ranges (e.g., Green et al., 2014;
Jacoby et al., 2020; White et al., 2017), philopatry, dispersal and
migration patterns (Chin et al., 2013; Doherty et al., 2017), and
residency and activity space (e.g., Chin et al., 2016; da Silva et al.,
2013; Martín et al., 2020).

Insights into MPA effectiveness can also be inferred from
fisheries catch data that describe relative abundance between
locations (Goetze & Fullwood, 2013; Jaiteh et al., 2016; Speed
et al., 2018) and from population structure (Wearmouth & Sims,
2008). Because many sharks and rays have highly structured
populations (Wearmouth & Sims, 2008), MPA assessments
should consider which parts of a species’ population are
protected. Furthermore, an MPA’s protection against specific
threats may be increased if it protects critical processes (e.g.,
mating) or habitats with a disproportionate influence on fitness
and survival (e.g., nursery grounds) (Chin et al., 2016; Knip et al.,
2012).

Chondrichthyans have a wide range of life-history and demo-
graphic traits (Cortés, 2004), which affect their sensitivity to
threats. Although sharks and rays are generally described as long
lived, slow growing, and slow reproducing, they have different
rebound potentials and some species are at lower risk than oth-
ers (Simpfendorfer & Dulvy, 2017). Small, fast-growing species
with high reproductive outputs can accommodate more fishing
pressure (i.e., they have low sensitivity) (Tobin et al., 2010).

Life-history traits also indicate which size and sex classes
drive population replenishment and thus should be prioritized
for conservation. Large, slow-growing sharks may require pro-
tection of breeding adult females (McAuley et al., 2007; Prince,
2005). If an MPA does not protect these critical population
components, its conservation contribution is reduced.

Some shark and ray species are at low conservation risk,
whereas others are at high risk (Dulvy et al., 2014; Simpfendor-
fer & Dulvy, 2017). Thus, an MPA’s conservation contribution
will vary according to the sharks and rays that occur within their
boundaries. For example, an MPA that protects a slow-growing,
critically endangered endemic ray will have a globally signifi-
cant conservation contribution, whereas an MPA that protects
a small fraction of a common, widely distributed shark will have
a much lower relative conservation contribution.

Portfolio risk

Portfolio risk describes the suite of threats and their impacts
on the individuals, population, and species being assessed and
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identifies the greatest threats. Typically, risk is defined as the
likelihood of an entity encountering a specific threat and the
consequence or impact resulting from the encounter. Describ-
ing portfolio risk includes assessing 3 types of information: all
relevant threats to sharks and rays in the assessment area (e.g.,
types of fishing, habitat loss and degradation, environmental
pressures, such as storms, climate change, pollution); exposure
and sensitivity of sharks and rays to each identified threat; and
potential impact of the interaction between exposure and sensi-
tivity to each threat (i.e., how much mortality this interaction is
likely to cause in the asset). The higher the potential mortality,
the higher the risk.

Once the key risks are identified, the potential effects of man-
agement interventions (i.e., insurance), such as MPAs, can be
examined. A discussion or analysis of an MPA’s effectiveness
should include some consideration of the entire set of threats
facing the species and the level of potential impact from those
threats.

Insurance and mitigation

MPAs occur in a wide range of social–ecological contexts
that affect how marine resources are used and valued and
management contexts (e.g., governance, trust, legitimacy, and
capacity) that describe the factors influencing MPA implemen-
tation and outcomes (MacKeracher et al., 2019). MPA designs
and objectives also differ. The International Union for the Con-
servation of Nature (IUCN) protected area categories provide
an international standard that defines different MPAs. For an
area to meet IUCN criteria for an MPA, conservation must
be its overarching purpose (Day et al., 2012). However, many
MPAs allow extractive activities; thus, different types of MPAs
afford different levels of protection to sharks and rays from fish-
ing (Day, 2017; Frisch & Rizzari, 2019). Although totally closed
zones or prohibited entry zones can produce strong conser-
vation effects (Frisch & Rizzari, 2019), there is evidence that
partial protection from fishing can also produce conservation
benefits (Hall et al., 2021). Marine managed areas (MMAs) also
exist, and, although they may not be established primarily for
conservation objectives (Day, 2017), they can provide significant
protection from fishing (Jupiter et al., 2014). So, MPAs range
from large, multiple-use parks with conservation objectives and
multi-institutional governance (Day & Dobbs, 2013; Hall et al.,
2021) to small, locally managed MMAs established to improve
food security (Jupiter et al., 2014); thus, MPA contributions may
likewise vary.

Efficacy of MPAs also depends on compliance and enforce-
ment (Rife et al., 2013); even well-resourced MPAs have
enforcement challenges (e.g., Bergseth et al., 2017). Additionally,
the spectrum of other management approaches implemented
within MPAs and their contribution need to be considered when
assessing MPA efficacy (e.g., Hughes et al., 2016). Thus, a dis-
cussion of MPA contribution to shark and ray conservation
should consider all of these MPA attributes: social–ecological
and management contexts; objectives and design; efficacy (espe-
cially the perceived level of MPA compliance and enforcement);
and other management arrangements in place.

Applying the framework

Each component and attribute of the assessment framework
(Figure 1) could be described using qualitative or semiquanti-
tative approaches (e.g., Chin et al., 2010; Walker et al., 2021).
The first component, assessment context, does not directly link
to other framework components (Chin et al., 2010). Instead, it
is an overarching component that clearly defines the scope and
scale of the assessment.

The second component, asset portfolio, requires the asses-
sor to identify the species of interest and examine its spatial,
behavioral, and biophysical attributes and conservation state.
These traits define the species’ exposure and sensitivity. Where
telemetry data can help describe spatial attributes and exposure
to threats is also indicated. Many attributes cannot be informed
by telemetry data; thus, considering only telemetry data pro-
vides an incomplete assessment of an MPA’s contribution. The
third component, portfolio risk, requires the assessor to exam-
ine all direct threats, such as fishing, and indirect threats, such as
environmental disturbances, unsustainable tourism, pollution,
climate change, and habitat loss and degradation to the species
(Figure 1). This process should also consider selection effects
that may alter impacts on different portions of the population
(e.g., consequence of fishing juveniles vs. adult females). Assess-
ing the asset’s exposure (spatial and behavioral attributes) and
sensitivity (biophysical attributes and conservation state) to each
threat identifies the potential impact from each threat and thus
the threats that pose the greatest risk.

Once portfolio risk is described, an MPA’s potential to mit-
igate risks can be examined by explicitly describing the MPA’s
operational and management context, which includes consider-
ing its design attributes, such as its IUCN category, objectives,
size, and configuration (single MPA or part of a network). Once
the MPA is described, its potential to reduce exposure to specific
threats (i.e., level of protection) can be determined by examining
species attributes, including extent of activity space, residency,
and proportion of the population that occurs in the MPA;
size, sex, and maturity status of individuals in the MPA; and
extent the MPA protects key life-history stages, reproductive
processes, or habitats and processes that have a disproportion-
ate effect on fitness and survival. The MPA’s potential indirect
benefits should also be included in the narrative. Finally, the
assessor should explicitly consider operational and management
contexts to explore how the MPA functions and thus the level of
protection from risks identified in the portfolio risk. The MPA’s
contributions are thus explicitly described and can be placed in
context of other management actions in the assessment area.

Key questions for assessing MPA contributions
to shark and ray conservation

The conceptual framework (Figure 1) and case studies in
Figure 2 illustrate the complexity of describing an MPA’s poten-
tial to contribute to shark and ray conservation. To simplify, the
complexities can be resolved into 8 key questions that when
addressed integrate all the components and attributes. These
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FIGURE 2 Case studies illustrating how population structure, life history, and movement can affect portfolio risk of sharks and rays and consequently how a
marine protected area (MPA) contributes to protection (solid animals, juveniles; outlined animals, adults; solid dark arrows, movement of adults; dashed lines,
movement of juveniles; solid gray line, dispersal of subadults). The area includes a productive coastal habitat and rocky foreshore that are within an established,
well-enforced, no-take MPA (dashed line) that extends to the edge of the continental shelf. Impacts from habitat loss and degradation are minimal. The area outside
the MPA is fished by vessels that are managed and monitored through adequately resourced fisheries management agencies
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questions address all aspects of the framework and Table 2 pro-
vides specific guidance about the types of information needed
to address each question and how to integrate this information
into a management narrative or research study. Of particular
note, telemetry data can be applied to address Question 2, which
identifies how the species uses the area being assessed and the
extent of protection an MPA might provide.

CASE STUDIES

To demonstrate how the framework (Figure 1) and the ques-
tions (Table 2) are applied, we examined 3 case studies that
incorporate actual examples from 3 different types of sharks and
rays. Figure 2 shows real-world scenarios for 3 species with dif-
ferent life histories, movement patterns, population structures,
and conservation and management contexts.

Case A

The asset portfolio in case A is the blacktip reef shark
(Carcharhinus melanopterus), a common, relatively small but slow-
growing coastal shark that has breeding populations of resident
females with small activity spaces in Australia’s Great Barrier
Reef Marine Park (GBRMP) (e.g., Chin et al., 2016). Juveniles
(A1) are resident and remain in the coastal habitat until they
begin to mature, at which time they disperse along the coast
(e.g., Chin et al., 2013).

The portfolio risk for this case includes limited line fishing
and habitat loss and degradation. The MPA protects breeding
adult females from net fishing; however, dispersing juveniles are
exposed to net fisheries in adjacent MPA zones, and some juve-
niles are captured and retained in the fishery. However, the life
history of these species suggests that preserving the biomass
of adult breeding females is most important and that if enough
juveniles avoid capture, the conservation outcome should be
favorable (Prince, 2005).

By protecting the breeding adult females, the MPA is likely to
make a significant direct contribution to conserving this species
at a local scale (insurance and mitigation). However, because the
species is widespread, the MPA’s long-term contribution to the
regional population is speculative.

Case B

The asset portfolio in case B is hammerhead sharks (Sphyrna
spp.), which are large, relatively slow-growing, highly mobile
species that show strong evidence of stock structuring in north-
ern Australia (Chin et al., 2017). Large adult females appear to
make seasonal migrations to coastal habitats to give birth in
nursery grounds (Chin et al., 2017). The neonates and juveniles
in case B1 are highly resident in discrete areas along the coast
but disperse as they mature.

The portfolio risk for this case includes net and line fisheries
as well as habitat loss and degradation. In the GBRMP, coastal

no-take and conservation-park zones prohibit net fishing and
thus protect neonates and juveniles. However, large breeding
adults including pregnant females are exposed to net fisheries as
they move between these zones and adjacent waters, and some
are captured and retained. Some dispersing juveniles are also
harvested.

The MPA’s direct contribution to hammerhead conservation
is reduced as the most important portion of the population,
breeding females, are taken in adjacent fisheries. Additionally,
fishing maturing juveniles exacerbates the risk. Consequently,
fisheries management tools, such as seasonal restrictions of
no-take provisions, may be a better option for species conserva-
tion, and MPA contributions to protecting neonates, juveniles,
and nursery grounds should be recognized in the fisheries
management approach (insurance and mitigation).

Case C

The asset portfolio in case C is a hypothetical case of a rela-
tively rare, large, very slow-growing skate that aggregates around
seamounts in deep water on the continental slope. Adults are
highly resident at these seamounts but may migrate to shal-
lower waters on the continental slope to lay eggs (e.g., Hoff,
2016). Upon hatching, the neonates migrate up the slope to the
continental shelf where neonates and juveniles remain and inter-
mingle, moving extensivley throughout the area as they maturec
(Case C1).

The portfolio risk for this case includes deep water and shelf
fisheries. The species’ movements expose juveniles to longline
fisheries; however, due to gear selection effects (e.g., they are
rarely hooked due to their mouth size and feeding behavior),
they are not captured and fisheries impact is negligible. Upon
maturing, the juveniles move back into deeper waters. In this
scenario, protection of all size classes is a priority due to the
species’ rarity and slow growth. However, there are no deep-
water fisheries present and the animals are not captured in the
existing longline fishery. Consequently, the MPA is not directly
relevant to the species’ protection in this case (insurance and
mitigation).

These case studies illustrate the complexity of interactions
between a species’ biology, population structure, and movement
patterns, and how they affect portfolio risk and an MPA’s poten-
tial conservation contribution. However, other factors could
also be considered. For example, species may be exposed to
multiple threats from different fisheries, environmental disrup-
tion, climate change, pollution, habitat loss, and disturbance
(Chin et al., 2010; Dulvy et al., 2014). Additionally, the MPA
may provide indirect benefits, such as increasing prey abun-
dance, that benefit the growth and survival of neonates and
juveniles (Figure 2, cases A1 and B1). The implications of scope
and scale also need to be considered. For example, although
the hypothetical MPA is presently not relevant to protection
of the skate (Figure 2, cases C and C1), this species could be
rapidly depleted should fisheries move into deeper water in the
future (Simpfendorfer & Kyne, 2009); consequently, precau-
tionary management may be required. Finally, these case study
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TABLE 2 Eight key questions when assessing the contribution of a marine protected area (MPA) to shark and ray conservation

Question How to answer the question Relevance and application

Question 1: What is
the scope of the
study?

Clearly define the spatial scale of the assessment:
is the assessment describing the MPA’s
conservation contribution at a local scale,
regional scale, global scale, or at multiple
scales? The scale selected may depend on the
intended audience of the study.
Clearly define the temporal scale of the study:
is the study examining past and present
trends, or is it predicting how an MPA’s
effects may change under future conditions?
Interpretation should also distinguish
between individuals, populations, and the
entire species. Some studies focus on
movements and behaviors of individuals that
are then extrapolated to the conservation of
the population. This distinction should be
made clear, and the results of the study
discussed in terms of the population at an
appropriate scale (e.g., Chin et al.,
2016–208-209).
This information should be included in the
introduction section describing the study’s
aims, in the methods section describing the
analyses, and in the discussion section
describing the study’s ramifications and
limitations.

Describes the assessment context (Figure 1). This is
essential to help ensure the appropriate data are used
and the findings are interpreted at the appropriate
spatial and temporal scales.
For example, the study could focus on a particular
location and its surrounding MPAs (e.g., Goetze &
Fullwood, 2013), a single location within a broader
MPA network (e.g., Chin et al. 2016; Knip et al., 2012),
or over a large area encompassing an entire MPA
network (e.g., White et al., 2017). Being explicit about
the temporal scale also clearly describes whether the
study is examining the present-day contribution (e.g.,
Goetze & Fullwood 2013) or informing the design of
future MPAs (e.g., Doherty et al., 2017).

Question 2: What is
the species’
movement pattern
and population
structure?

Summarize what is known about the species’
movement and behavior (Figure 1), including
residency, habitat use, philopatry, and
migration and whether particular habitats or
locations are especially important to its
conservation.
Describe the species’ range and distribution
(e.g., local resident vs. highly migratory) and
define population structure.
Movement patterns should also be described
separately for sexes and life stages. For
example, this information could illustrate that
an MPA makes a high conservation
contribution to a species that has breeding
adult females that are highly resident with
small home ranges within the MPA (Figure 2,
case A), but makes a lower contribution to a
second species where adult females are wide
ranging and experience mortality from fishing
gear set outside the MPA (Figure 2, case B).
The species’ life history, conservation context,
and population structure could be discussed
in the introduction section and revisited in the
discussion when analyzing the MPAs
contribution to its overall protection.

Describes part of the asset and portfolio risk, specifically
the spatial and behavioral aspects that affect its
exposure and sensitivity to threats (e.g., distribution,
habitat specificity, and dependencies), and the potential
benefit received from an MPA.
This information is often derived from telemetry data,
but may also come from tag, mark, and recapture data
and other data types that indicate population structure
and movement and connectivity (e.g., parasites,
genetics).

Question 3: What are
the life-history and
population
characteristics of
the species?

Describe information about growth rate (or use
size as a proxy indicator of growth), age at
maturity, reproductive output (number of
pups, reproductive periodicity), relative
abundance, distribution, and conservation
status.
Information about sex segregation and
population structuring should be included.
The species’ life history, conservation context,
and population structure could be discussed
in the introduction section and revisited in the
discussion when analyzing the MPAs
contribution to its overall protection.

Describes parts of the asset portfolio, specifically the
biophysical attributes concerning rebound potential and
conservation context (Figure 1).
Identifying the species’ conservation status can help
place an MPA’s contribution in the appropriate context
(e.g., an MPA’s global significance may be much greater
if it makes a large contribution to the protection of a
critically endangered species).
Exploring the species population characteristics helps
determine how an MPA may contribute to its
conservation. For example, a rare, slow- growing
species with a restricted range may gain much more
benefit from an MPA than a fast-growing, widely
distributed species.

(Continues)
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TABLE 2 (Continued)

Question How to answer the question Relevance and application

Question 4: What are
the key threats to
the species?

Identify the key threats that the species has
highest exposure and sensitivity to and thus
have the highest impact. This involves
describing movement and behavior patterns,
comparing these with where threats are
occurring, and using information on the
species biophysical attributes to predict the
impact severity from this overlap.
Information should include evidence of
known direct (e.g., fishing) and indirect
(habitat loss, disturbance) threats (Figure 1)
and statements of how well these impacts are
quantified and understood.
Selection effects (Figure 1, Figure 2) should
be clearly identified (i.e., whether threats
mainly occur in specific sexes and size classes
of the population).
There should be clear distinction between
threats and impacts (Table 1). For example,
selectivity effects may mean that even if a
species encounters fishing gear (threat), the
impact may be minimal if capture or retention
rates are low or postrelease survival is high
(e.g., C1 in Figure 2).
This narrative should be included in the
introduction or background section of articles
and reports when describing the local
situation (e.g., fishing activities) and in the
discussion when describing how an MPA may
reduce risks.

Identification of threats informs portfolio risk, an
essential step because the key risks and impacts need to
first be identified to understand how MPAs may
contribute to mitigating these risks.

Question 5: How do
species and
population
characteristics and
movement patterns
in combination
with key threats
contribute to
portfolio risk?

Discuss the conservation significance of the
threats and impacts a species encounters
within the portfolio of risk and how the
population is likely to be affected by these
threats, and predict which portions of the
population most need protection (long-lived,
slow growing species are more likely to need
protection for adult females). This narrative
should be included in the discussion,
specifically in describing whether an MPA
addresses the key threats or protects key
elements of a population, and thus assessing
it‘s contribution to the species’ conservation

Identifies the highest priority conservation issues, and
highlights the drivers behind these issues. Identifying
why the asset is at risk can help understand how an
MPA may (or may not) protect the asset.

Question 6: What are
the characteristics
of the MPA?

Clearly identify the MPA objectives (e.g.,
conservation, habitat protection, tourism,
enhancing fisheries), including what type of
MPA it is according to the International
Union for the Conservation of Nature
(IUCN) classification (Figure 1). Describe
how long it has been established.
Describe the MPA’s size, the habitat types it
protects, and the activities it manages. Does it
protect key habitats and biological processes?
Clarify whether it is a stand-alone MPA, part
of an MPA network, or a very large MPA.
A key factor will be whether the MPA allows
extractive activities such as fishing.
Assess the MPA’s overlap with key threats and
key habitats and biological processes (e.g.,
nursery grounds, mating areas).
Information about the MPA’s objectives and
design could be included in the methods
section and revisited in discussion about its
efficacy.

An MPA’s contribution to species’ protection depends on
the restrictions it places on activities. Some MPAs allow
certain types of fishing, whereas others are strictly no
take. Thus, the MPA needs to be clearly described
according to its IUCN category (Figure 1).
Discussion of an MPA’s effectiveness must also
explicitly consider its design and intent. For example, if
an MPA was designed for habitat protection or to
protect cultural values, it is incongruous to assess its
efficacy based on its contribution to shark and ray
conservation.
An MPA’s conservation effects depend in part on the
extent of overlap between the MPA and the threats and
impacts, as well habitats where key biological processes
for species are occurring.

(Continues)
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TABLE 2 (Continued)

Question How to answer the question Relevance and application

Question 7: What is
the operational
context of the
MPA?

Briefly describe the social, cultural, economic,
and political context of the MPA, including
the main social, cultural, and economic
pressures behind the MPA’s establishment
and operation.
Briefly describe the social, cultural, and
economic values for the species involved, and
the drivers behind the pressures causing
impacts (Figure 1).
Describe the governance structure: is it a
locally managed MPA established by
community action, a government MPA, or
driven by a nongovernmental organization
with comanagement arrangements (Figure 1)?
Indicate how the MPA is managed (who is
managing it, are resources for management
sufficient).
Provide information about the MPAs
legitimacy with users, stakeholders, and
communities. Also indicate the level of
compliance and enforcement.
Identify any relevant issues that affect the
MPA’s implementation (e.g., noncompliance,
inconsistent funding, community
disagreements or disputes, displacement, lack
of political will).

This information describes how an MPA is being
implemented and thus determines whether an MPA’s
contribution is only theoretical (indicating that new
research and conservation efforts may need to be
developed) or is tangible (indicating that existing efforts
need to be maintained, enhanced, or both).
This narrative could be placed in the methods section
describing the study site and should be revisited in the
discussion regarding the actual contribution of the
MPA to species’ conservation and about future research
and conservation needs.

Question 8: What
other management
arrangements are in
place?

Briefly describe the wider management context
(Figure 1). Are species in question managed
through fisheries management plans or
conservation plans?
Briefly describe the existing management
arrangements that may affect the key direct
pressures and impacts identified in Question
4. If fishing is a key pressure, are there closed
seasons, catch limits (size or sex restrictions,
bag limits), no-take species, or restrictions on
types of fishing gear.
Briefly describe the existing management
arrangements that may affect the key indirect
pressures and impacts identified in Question
4. For example, if habitat destruction is a key
impact, describe whether there is
management for habitat protection, pollution
reduction, and so forth.

To assess and MPAs role in species conservation, its
contributions must be considered alongside existing
management tools. For example, an MPA’s contribution
could be large if it was the only management in place,
but could be reduced if it protects species that are
already effectively protected through other means.
Conversely, conclusions regarding an MPA’s social and
economic impacts should not be isolated from other
management arrangements affecting the same species
(Hughes et al., 2016).
These considerations should be explored in the
discussion to place the MPA’s contributions into the
wider context of actions both directly and indirectly
managing the species.

designated that compliance and management of the MPA and
the adjacent fishery were sound. This may not be the case (e.g.,
Campbell et al., 2012). If MPA compliance is low, the MPA’s
conservation contribution may be diminished (Campbell et al.,
2012; Rife et al., 2013).

Accommodating data paucity and uncertainty

In an ideal scenario, sufficient data would be available to
address all 8 questions and populate the framework. In real-
ity, information is likely patchy and incomplete. Where data on
species movement and behavioral and biophysical attributes are
limited, proxy data from conspecifics or closely related species

should be used. The life-history traits, population structures,
and generalized movement behaviors of many sharks and rays
are well documented, and these traits can be applied in risk
assessments (Chin et al., 2010; Tobin et al., 2010). The IUCN
Red List is also widely used as a proxy for species vulnerability
(e.g., Dulvy et al., 2014; Hylton et al., 2017). Species vulner-
ability, threats, and management efficacy can also be ranked
using descriptive categories and integrated into risk assessment
frameworks (e.g., Chin et al., 2010). Using descriptive categories
enables assessors to accommodate patchy and incomplete data
and to be explicit about uncertainty. Additionally, preliminary
assessments of a species’ current condition and historical trends
and threats can be inferred from historical data and stakeholder
interviews (Ward-Paige, 2017) and structured expert elicitation
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(Hemming et al., 2018). Nevertheless, managers are still often
required to make decisions based on the best available informa-
tion, and where unacceptable shark and ray conservation risks
exist, uncertainty is not a reason to delay assessments to guide
management actions as echoed by the precautionary principle
of the United Nations Fish Stocks Agreement (1995).

Summarizing MPA contributions to shark and
ray conservation

Existing research indicates that MPAs likely contribute to shark
and ray conservation. In some cases, an MPA could be the
most effective management option where fisheries management
capacity is limited or where multiple conservation outcomes are
sought. In nations in the Global South with limited manage-
ment capacity and extreme logistical challenges, locally managed
marine area MPAs may be key management tools (Jupiter
et al., 2014). However, a fundamental challenge facing natu-
ral resource managers remains: understanding the significance
of an MPA’s contributions to the target species’ conservation
and its usefulness among other management tools. Addressing
the questions identified here will provide responsible interpreta-
tions of data within a defined context and assessments that are
more explicit and complete. As new information becomes avail-
able, it can be used to refine management through the adaptive
management cycle. Consequently, we encourage authors and
assessors to address the key questions as best as possible given
the information they have available and propose that as long as
uncertainty is explicit, addressing even some of these questions
will improve the quality of the interpretations that managers can
use to inform decisions for the conservation and management
of sharks and rays.
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