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Maritime states are faced with the challenge of effectively managing their marine spaces
to use resources sustainably, maximise economic potential and simultaneously protect
their marine environments. Anthropogenic activities, whether in isolation or combination,
all have effects on the natural environment. Each of these effects has a footprint
in time and space. Assessing the distribution and intensity of human activities and
their effects on marine biodiversity, and all other human uses and users is necessary
for effective spatial planning, as well as to harmonise conservation with sustainable
development. Assessing and managing combined pressures from human activities can
be achieved using risk assessment and risk management processes. There are multiple
examples of environmental risk assessments which propose a similar formula. However,
standardised approaches to ecological risk assessment in data-limited locations that
relate to sand extraction are limited. Also most assessments require a certain level of
information to produce meaningful outcomes, that enable subsequent management
action to appropriately reflect the identified level of risk. Here we outline an approach to
assess the risk to the marine environment of sand extraction activity within the Exclusive
Economic Zone and Marine Protected Area of St Helena Island in the Atlantic. The
proposed risk assessment tool has supported the development of a sand extraction
management strategy on St Helena, and will be used to inform future management
plans and policies that allow anthropogenic activities to take place in a way that
balances local management, monitoring and enforcement capability, in line with the
International Union for Conservation of Nature (IUCN) Category VI designation. Both
the tool and strategy promote sustainable use of resources and protection of the marine
environment, which are key objectives stated in the St Helena Marine Management
Plan.
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INTRODUCTION

The marine environment provides a set of ecosystem goods
and services that are critical for societal wellbeing, cultural
importance and prosperity, whether for food, transportation,
tourism and recreation, provision of natural materials,
management of blue carbon budget or waste disposal, to
name a few (Beaumont et al., 2007; Liquete et al., 2013;
Cabral et al., 2015; Schuhmann and Mahon, 2015; Rees
et al., 2016). These services are particularly important for
remote and isolated island communities, whose economies are
often reliant on the jobs, food and raw materials afforded by
their local marine environments (Teelucksingh et al., 2013;
Forster et al., 2014; Baker et al., 2015; Techera and Appadoo,
2020). There is a growing demand for marine space and
resources which leads to marine activities overlapping and
applying cumulative pressures to the marine environment,
thus challenging the ambition for sustainable development
and use (Koss et al., 2011; Goodsir et al., 2015; Austen
et al., 2018). Complex spatial management considerations
arise where the policy objectives aim to achieve sustainable
development. Integral to effective spatial management, including
sustainable use, is a clear process supported by scientific evidence
(Rosenberg and McLeod, 2005).

The sustainable development of the marine environment, as
well as the wider environment, is high on the global political
and scientific agenda (UN, 2016). However, the vision of
achieving and maintaining sustainable development is threatened
by the increasing number and frequency of different types
of activities in the marine environment (Judd et al., 2015;
Elliott et al., 2020; Lonsdale et al., 2020; Caswell et al., 2020;
Jouffray et al., 2020). To attempt to reach this global vision
(for a suite of complex ecosystems), marine managers need
to be able to robustly and consistently assess the potential
risks an activity could have on the marine environment, and
balance the environment, social and economic needs with
the legal system (Dawe and Ryan, 2003; Rogers et al., 2007;
Elliott, 2013).

For developed States such as the United Kingdom that
share seas with similar neighbouring States, and have an
historic and rapidly expanding marine sector, there is often
an established process for ocean governance. This includes
access to tools and/or methods to assess the interactions of
new and emerging activities on the marine environment (Boyes
and Elliott, 2014, 2015; Lonsdale et al., 2015). These developed
States with established offshore industries also tend to have
greater access to funds and equipment, which improves their
ability to generate environmental data over time and space,
and consequently, affords higher confidence in the evidence
available to inform decision-making. Assessments based on
sound data and evidence, collected and analyzed based on
standard practices, are typically less influenced by the subjectivity
of expert judgement, and are typically more robust.

The global vision requires all States, including small island and
remote States, to undertake robust, consistent and transparent
assessments to predict, manage and where applicable, mitigate
impacts to ensure sustainable development (UN, 2016). Whilst

these small islands and remote States are often unable to access
the funds, equipment, personnel, and capability necessary to
conduct extensive monitoring required for such assessments,
they do have extensive knowledge of the local human activities
and marine environment. This can enable an environmental
assessment to be undertaken, but requires a standardised
approach to facilitate the process. Moreover, seeking to capture all
the relevant data would be time and resource intensive (Lonsdale
et al., 2017). Nevertheless, a paucity of data does not remove the
need for a State to manage its waters, nor should it stop or delay
progress towards sustainable development.

Risk-based decision-making is a process of choice, based on
identification of the likely consequences of different options and
selection of the best course of action to minimise and manage
environmental risk (Gormley et al., 2011). Risk assessments that
link relationships between environmental receptors and human
pressures can assist with the evaluation of effects. They can
also help to understand the nexus between the magnitude of a
pressure and sensitivity of a marine receptor, and are increasingly
included in the process of managing human activities. Risk
assessments can be both quantitative and qualitative (Holsman
et al., 2017) and often include a level of expert judgement.
However, their reliability is often challenged by a multitude
of complex interactions that are present within marine and
coastal ecosystems.

There are multiple examples of environmental risk
assessments which propose a similar formula: (1) formulating
the problem; (2) carrying out an assessment of the risk;
(3) identifying and appraising the management options
available; and (4) addressing the risk with the chosen risk
management strategy (see Gormley et al., 2011; Cains and
Henshel, 2021). An international standard exists for risk
management, the International Organisation for Standardisation
(ISO) 31000. Globally, this standard has been employed
alongside other risk-based methodologies for marine
management purposes, for example, as a risk-based approach to
implementing the ecosystem approach to fisheries management
(Fletcher, 2005, 2015).

However, standardised approaches that apply quantitative
and qualitative evidence in data-limited situations or locales
are scarce and/or may require investment (to purchase tools
or implement wider standards/organisational schemes). This
can lead to an under- or overestimation of threats to the
marine environment and potentially effects on marine receptors.
A reliable means of assessing the risks from different human
activities is essential to a management programme seeking to
reduce environmental risk to as low as reasonably possible,
whilst sustaining the integrity of marine ecosystems. There is
little specificity in terms of data-limited environmental risk
assessment methodologies, at either national or international
levels. Furthermore, information on case studies that utilise the
available methods are not widely publicised [e.g., ISO 31000;
Bowtie analysis (Cormier et al., 2019) CHARM model (Thatcher
et al., 2017)] and it is, therefore, difficult to determine whether
these are fit for purpose.

Environmental risk assessments can, and need to be applied
in situations/locations where data may be limited to ensure a
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consistent approach to marine management where, otherwise,
data paucity may be used as a reason to allow a development
with high uncertainty and low confidence assessment outcome
to progress (e.g., Gilman et al., 2014; Krishnakumar et al.,
2017; Caballero-Gallardo et al., 2020; Pratap et al., 2020). One
activity which is established throughout most of the world,
with generally known impacts is marine aggregate extraction
(Velegrakis et al., 2010). The impacts of marine aggregate
extraction are well documented (Newell et al., 2004; Kaikkonen
et al., 2018; Anbleyth-Evans, 2018) with impacts ranging from
local (increased water depth at the dredge site) to wide
reaching (plumes from screening of material). Whilst the impacts
of aggregate dredging can be mitigated for, they cannot be
eliminated completely, yet with marine aggregate a major source
for developments both in the coastal areas (e.g., marinas) and
on land (e.g., in buildings or roads) it is likely the demand
will remain for some time (Velegrakis et al., 2010). In England
(United Kingdom), a novel approach to maintaining benthic
communities has been established (Cooper, 2013). Given the
finite viable resource and the high likelihood of ongoing impacts,
the activity itself is not deemed sustainable, but steps can be taken
to work towards wider sustainable marine development.

This paper presents a standardised approach to environmental
risk assessment for extraction of sand (used in small scale
construction projects) in a data-limited situation. It outlines the
first of a multi-stage methodology for risk assessment which
builds on the strengths of previous risk assessments, but is
specifically tailored to the needs of a small, remote island with
limited resources and a paucity of extraction-specific monitoring
data. The approach was developed for and tested on a case study
for a small island State, St Helena, to consider the potential
impacts and management of sand extraction within a designated
MPA. The step-wise process was devised to facilitate robust,
consistent and transparent management of the ongoing (and
future) activity, and to ensure sustainable use of resources and
protection of the marine environment (and features of the MPA).
Whilst it has been developed predominantly for a data limited
case, the process should ideally be accompanied by data collection
to address gaps in the evidence base, decrease uncertainty and
increase confidence in the assessment.

METHOD

Using definitions (pressures; effects; pathway; impact) described
by Judd et al. (2015), we describe an approach that is considered
to be aligned with existing methods of environmental risk
assessment (e.g., Gormley et al., 2011; NIWA, 2012; Judd et al.,
2013; Rowden et al., 2015).

The chosen ecological risk assessment in this study has been
presented in the form of a step-wise decision tree (Figure 1).
The method draws on the principles of environmental impact
assessment and ecological risk assessment approaches, with
a measure of certainty for communication to managers and
decision-makers. It is intended that the decision tree would be
utilised by marine managers/regulatory staff in the geographic
location where the assessment will be undertaken, since these

personnel typically have knowledge of the local geographic
environment and marine activities.

Step 1: Characterise the Activity
The purpose of Step 1 is to enable a relatively quick
characterisation of the activity, by answering questions about the
nature of the activity and surrounding environment (Table 1).
The questions and scores were modified from Judd et al. (2013)
and Lonsdale et al. (2015). The criteria were agreed by experts
in regulatory science and the application of risk assessments
in marine activities (including aggregate extraction) and in
consultation with St Helena Government.

History of the Activity: Has It Occurred Previously or
Is It a New Activity?
If an activity is new, any potential impacts which may present
a risk to the marine environment may not have been identified
or quantified. If the activity has been carried out before, on a
similar scale and in the same location, potential impacts are likely
to have already occurred. If no significant adverse impacts have
been identified at a previously impacted site, the continuation
of activity at a similar scale and magnitude is unlikely to
result in additional impacts and the proposed activity may be
considered lower risk.

However, concluding that an activity is low risk because
it is existing or has occurred previously will produce lower
confidence in the assessment and introduces the potential for
indirect, or direct impacts to remain unidentified. This scenario
is particularly relevant for small island states that do not routinely
monitor the activity. Assessment of the impacts of an existing
activity with no prior monitoring data will provide a new
baseline against which an assessment can be made, and this new
baseline may not necessarily reflect the original baseline. The
assessment should account for this shift in baseline and identify
evidence gaps to be addressed through additional data collection.
A feedback loop is, therefore, included in the approach to link the
collation of data (either through baseline surveys or monitoring),
to a review of the assessment where the risk can be re-assessed.

What Is the Scale of the Activity Based on the Activity
Footprint (Primary Area of Seabed Affected Plus
Secondary Area)?
Level of risk at this stage can be associated with the footprint of
the activity. For the sand extraction activity, this translates to the
area of seabed directly affected by the extraction (Primary Impact
Zone or PIZ), but can also consider the wider area within which
indirect and secondary impacts can occur (the Secondary Impact
Zone or SIZ). Hence, the extraction footprint comprises the
combined effects of the directly affected area (PIZ) and adjacent
areas in the SIZ that may be exposed, for instance, to overflow
of sediment. Extraction areas of 500 m2 are likely to present
highest risk to the marine environment whilst extraction areas
<10 m2 are likely to present negligible risk (Table 1). It should
be noted that the numerical values for the dredging area and
depth criteria (Table 1 and Figure 1) are from a dredging risk
screening tool, that was developed to assess risk from dredging in
United Kingdom waters (Judd et al., 2013).
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FIGURE 1 | Decision tree for assessing potential risks posed by sand extraction and actions required. ‘H’ High risk; ‘M’ medium risk; ‘L’ low risk; ‘N’ negligible risk.
Dashed lines represent feedback loops following the collection and assessment of data.
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TABLE 1 | Questions and criteria to be considered when characterising an
extraction activity. ‘H’ High risk; ‘M’ medium risk; ‘L’ low risk; ‘N’ negligible risk.

Questions to be considered Criteria

History H = Previous extraction
N = No previous extraction

Area (m2) (footprint) H = > 500
M = 51-500
L = 10-50
N = < 10

Duration H = > 6 months
M = 1-6 months
L = 1 week to 1 month
N = < 1 week

Frequency H = Very Frequent e.g. daily
M = Regular e.g. weekly
L = Occasional e.g., monthly
N = Infrequent e.g., yearly or more

Dredge Depth H = > 2 m
M = 1-2 m
L = 0.5-1 m
N = < 0.5 m

Sensitive Areas (SAs) H = Within 2 SAs
M = Inside 1 SA and within 5 km of
another
L = Inside 1 SA or within 5 km of a SA
N = Not inside or within 5 km of a SA

In general, the larger the footprint, the higher the likelihood
that the activity will impact on receptors and, therefore, the
higher the likelihood that an impact assessment will be required.
Additionally, consideration of size of the potentially impacted
habitat relative to the scale of the activity footprint can be
important, notably where habitats are rare in occurrence.

What Is the Duration and Frequency of the Works?
Frequency and duration of extraction can directly influence
significance of impact. The activity may coincide with important
ecological times for receptors e.g., migration, nursery or
spawning periods which may have been determined if there are
data available for the geographic area of interest. Information
may be available for the receptor group in other geographic
locations. This could be used a proxy in the absence of data
for receptors in the area of interest. It is recognised that
a level of knowledge may thus be required about ecological
receptors, sensitive timings and whether other information for
receptors/receptor group could be used as a proxy.

Risk can be considered along a scale, with highest risk
indicated for activity occurring very frequently and/or for
>6 months duration, whereas at the lower end of the scale,
negligible risk is indicated for work <1 week, and/or occurring
very infrequently (Table 1).

What Is the Proposed or Existing Extraction Depth?
Dredge depth is considered in this initial step because it may lead
to changes in sediment size distributions of seabed habitats and
consequently, changes in benthic communities and their ability
to recolonise an area (Newell et al., 1998; Seiderer and Newell,
1999; Foden et al., 2009; Cooper et al., 2011; de Jong et al., 2015).
Deeper sediments tend to have different physical properties

to the uppermost layers due to a variety of physical factors
e.g. compaction and oxygen availability. In general, different
benthic organisms prefer different sediment size fractions (e.g.,
Cooper, 2013).

Is the Proposed Activity Located in or Near to Any
Sensitive Areas?
Designated sites/sensitive areas (SAs) are identified in relation
to the activity. In this study, SA are defined as either a marine
protected area where the activity is >0.1% of the protected area,
or a spawning ground, migration route or vulnerable marine
ecosystem. Risk can be considered in terms of highest risk
indicated for activity within 2 SAs, whilst at the lower end of
the scale, negligible risk is indicated for activity that is not inside
or within 5 km of a SA (Table 1). Whilst all receptors should
be considered in an assessment, SAs represent the habitats and
species that are considered most vulnerable and/or rare, and
may play a key role in protecting wider habitats, communities
and environmental function. These areas may be designated as
protected areas or simply consist of an area of functional or
ecological importance, such as a spawning or nursery area. These
areas may warrant additional protection and should, therefore, be
considered as part of the assessment.

Outcome of Step 1
If all answers to step 1 are reported as ‘negligible’, no further
assessment is required because the level of environmental risk
associated with the project is considered negligible. If any
of the answers are categorised as ‘low’, ‘medium’ or ‘high’,
proceed to Step 2.

Step 2: Identify Pressure Pathways and
Environmental Receptors
In this step, there is a review of the potential pressures from
sand extraction. A pressure is a mechanism by which an activity
can have effect on a part of the ecosystem. Noise, removal of
seabed substrate and generation of suspended sediment are all
examples of pressures.

Are there any receptors (habitats and species) present that
are considered sensitive to these pressures? Benthic invertebrates
are examples of receptors. Is there a direct or indirect pathway
that would enable the pressure to affect the receptor directly
or indirectly? In the example provided, the surface layers
of sediment removed within the extraction area, can destroy
benthic habitats (like burrows) and alter sediment particle
size distribution.

There are several ways to display the information and outputs
of step 2. Activity pressure-matrices are one such method. An
exert of the benthic receptors pressure-activity matrix is shown
in Table 2, with the full matrix in the Supplementary Materials.
The matrix contains a list of activities relevant to the sand
extraction case study, that have been identified from existing
knowledge of the activity. A list of pressures are shown in
the matrix and the pressures are based on the standardised
marine pressure descriptions, originating from work in the
North East Atlantic by the Oslo-Paris Convention Intercessional
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Correspondence Group on Cumulative Effects (OSPAR ICG-C)
in 20111.

The Joint Nature Conservation Committee (JNCC) pressures-
activities database (PAD)2 was consulted in step 2 to help
identify potential pressures from aggregate dredging (in a UK
context); this activity was considered to be comparable to
the sand pumping at St Helena. The PAD is a compilation
of evidence on the relationships of marine-based human
activities and their associated pressures (based on the OSPAR
pressure list) and is UK-based. The PAD gives an indication
of the general risk the pressures pose to the environment
under normal conditions, and all activity-pressure relationships,
supported by available evidence with confidence scoring
(Robson et al., 2018). In the present study, the activity-
pressure table in the JNCC PAD was filtered to display
aggregate dredging and associated pressures. The corresponding
information on the types of pressures and accompanying
evidence was used to inform the development of receptor-
specific matrices.

For each activity-pressure combination in the matrix,
potential for an activity-pressure pathway is appraised using
expert knowledge and peer-reviewed literature. Receptor
presence and ecology (including potential sensitivity) have
been drawn from published studies (including: Newell et al.,
1998, 2004; Seiderer and Newell, 1999; Boyd et al., 2005),
monitoring datasets (where available for St Helena), and
analogous assessments for an activity (which may be in a
different geographic locale), as well as expert judgement. By
working through each pressure-activity combination, it is
possible to ‘screen’ in or out the activity-pressure pathway
for/from further assessment.

The identification of potential impact pathways through
a screening process is a common approach applied within
Environmental Impact Assessment (EIA), because it helps to
identify which activities, pressures and receptors are linked by
pathways that might eventually result in impacts. These are the
interactions that can be carried forward for further assessment in
steps 3 to 7; the remainder can be scoped out of the assessment
on the basis no impact pathway exists.

Outcome of Step 2
Screening results for pressures and pathways for impacts
to receptors that will be taken forward for further
consideration in step 3.

Step 3: Determine Consequence and
Likelihood of Impact(s)
Where a pressure directly or indirectly interacts with a receptor
/receptor group, an assessment of the consequence of
that interaction and the likelihood of effect should be
made (Tables 3, 4, respectively). The focus of step 3 is to
establish whether the scale and duration of the activity is
sufficient to cause harm.

1https://data.jncc.gov.uk/data/1e136107-1396-4c67-b755-dc9f43bf3bb1/
20110328-ICG-C-Pressures-list-v4.pdf
2https://jncc.gov.uk/our-work/marine-activities-and-pressures-evidence/.
Database contains JNCC data © copyright and database right 2018.

To assign consequence, there needs to be consideration
of resilience and recovery of a given receptor to a given
pressure, and the potential consequences resulting from exposure
at a given magnitude. This could mean estimating the
magnitude of the hazard at the receptor or estimating the
probability that a hazard will be realised at a level large
enough to cause harm.

Outcome of Step 3
Consequence level and likelihood of impact for each
receptor/pressure have been identified and are taken forward for
assessment of risk in step 4.

Step 4: Assess Risk of Impact
Risk is characterised by evaluating a combined measure of
consequence and likelihood to determine likelihood of harm. It
is possible to assign a level of significance to the risk that a given
impact will occur (Table 5).

Outcome of Step 4
For impacts from an activity that are assessed as negligible risk,
there is no further assessment made. Low, moderate, high or
extreme risk triggers a more extensive assessment of risk and
uncertainty (step 5).

Step 5: Evaluate Risk and Assess
Uncertainty
The level of risk and associated level of uncertainty
(or ‘confidence’) are evaluated with regard to the
assigned level of risk.

A level of uncertainty can be associated with any assessment
and expression of this uncertainty can differ when using
qualitative (rather than quantitative) inputs to inform the
assessment(s). This is because qualitative assessments can
be more subjective and open to interpretation. Rather than
utilise quantitative measures of uncertainty for the overall
assessment, ratings of high, medium and low confidence
are proposed, with definitions given in Table 6 (from
Goodsir et al., 2019).

Within the decision tree (Figure 1), a distinction has been
made between the levels of risk and confidence, and the next
steps:

• Low risk (low confidence) means an environmental
assessment would not be required. But low confidence
should be addressed with further data collection, where
resources and capacity allow.

• Low risk (medium to high confidence) means that no
environmental assessment would be required. No further
action would be required.

• Moderate risk or higher (low confidence) means that
low confidence should be addressed with further data
collection. The new data should be examined and then
risk and uncertainty re-assessed.

• Moderate to high risk (medium to high confidence)
means that an Environmental Assessment or EIA would
be needed.
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TABLE 3 | Consequence levels with descriptions. Adapted from Fletcher (2005).

Consequence
Level

Recovery Time Key Species Protected Species Ecosystem functional impact Proportion of
habitats affected

Negligible None needed Undetectable for
population

Almost none are
impacted

Interactions may be occurring, but
it is unlikely that there would be any
change outside of natural variation.

Affecting <1% of area
of original habitat area

Low Weeks- months Possible detectable but
little impact on
population size and
none on dynamics

Some individuals
impacted but no impact
on population

Affected species do not play a
keystone role- only minor changes
in relative abundance of other
constituents

Affecting <1.5% of area
of original habitat area

Moderate Months- years Affected but long-term
recruitment/dynamics
not adversely impacted.

Level of
interaction/impact
moderately affects
population

Measurable changes to the
ecosystem components without
there being a major change in
function (i.e., no loss of
components)

Affecting <5-20% of
area of original habitat
area

High Years Affecting recruitment
levels of populations or
their capacity to
increase

Level of impact severely
affects population levels

Ecosystem function altered
measurable, and some function or
components are
missing/declining/increasing well
outside historical acceptable range
and/or allowed/facilitated new
species to appear.

Affecting <20-60% of
area of original habitat
area

Major Decades Likely to cause local
extinction if activity
continues

Likely to cause local
extinction if continues

A major change to ecosystem
structure and function. Different
dynamics now occur with different
species or groups now affected.

Affecting <60-90% of
area of original habitat
area

Catastrophic > Decades or never Local extinctions are
imminent/immediate.

Local extinctions are
imminent/immediate

Total collapse of ecosystem
processes. The diversity of most
groups is drastically reduced and
most ecological functional groups
(primary producers, grazers etc.)
have disappeared. Most ecosystem
functions such as carbon cycling,
nutrient cycling, flushing and uptake
have declined to very low levels.

Affecting <90% of area
of original habitat area

TABLE 4 | Likelihood of occurrence level with description. Adapted from Fletcher
(2005).

Likelihood Description

Remote Highly unlikely but theoretically possible

Rare May occur in exceptional circumstances

Unlikely Uncommon, but has been known to occur elsewhere

Possible Some evidence to suggest this is possible

Occasional May occur occasionally

Likely It is expected to occur

Outcome of Step 5
An assessment of risk and confidence are made during step
5. Management options can then be appraised in step 6
and risk addressed with the chosen, appropriate management
strategy during step 7.

Step 6: Appraise Options and Step 7:
Address Risk With Chosen Management
Strategy
The final steps are to identify, appraise and implement the chosen
management options to address risk and thus prevent, minimise
or reduce any adverse and unwanted effects identified. These

two steps are, however, outside the scope of this paper and so
no further consideration is made of management options and
implementation to address risk.

We applied the risk assessment approach outlined in Section
2 to a small island state; St Helena Island, which is part
of the UK Overseas Territory of Ascension, St Helena and
Tristan da Cunha, located in the tropical south Atlantic
(Section 3 case study).

CASE STUDY: SAND EXTRACTION AT
ST HELENA

Background
St Helena is an isolated, tropical island located in the South
Atlantic Ocean (Figure 2). The United Kingdom Overseas
Territory is administered by the Government of St Helena and
the entire 200 nm Exclusive Economic Zone (EEZ) is designated
as an IUCN Category VI (Sustainable Use) MPA. The St Helena
MPA aims to protect biodiversity and ensure sustainable use of
its natural resources (SHG, 2016b).

The assessment of the case study was carried out by UK
marine scientists with expert knowledge of regulatory processes,
environmental assessment of marine activities, fisheries and fish
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TABLE 5 | Consequence and likelihood combined to characterise risk (negligible,
low, moderate, high or extreme risk).

Conse
quence

Catastrophic

Major

High

Moderate

Low

Negligible

Remote Rare Unlikely Possible Occasional Likely

Likelihood

Negligible

Low

Moderate

High

Extreme

TABLE 6 | Confidence levels with descriptions [from Goodsir et al. (2019)].

Confidence Level Description

High The data used are the best available, robust and the
outputs are well supported by evidence.
Majority of experts agree.

Medium The data are limited and/or proxy information.
There is a majority agreement between experts; however,
evidence is inconsistent and there are differing views
between experts.

Low The data are limited and not well supported by evidence.
Experts do not agree.

biology, benthic ecology and physical processes. The assessors
worked closely with St Helena Government to share expert,
local knowledge.

Marine Environment of St Helena
Following the MPA designation, the St Helena Marine
Management Plan (MMP) was adopted in 2016 (SHG, 2016b).
The 2016 MMP highlights that sand (mineral) extraction
is a concern because the potential impacts on the marine
environment and MPA have not been assessed. The MMP refers
to the development of a licensing or permit system to regulate
current and future sand extraction.

The overarching goal of the St Helena MPA is to conserve the
marine environment and its associated biodiversity, habitats and
ecosystems and ensure sustainable use of its marine resources
(SHG, 2016b). The risk assessment method proposed in this
study, is considered relevant to the following MPA objectives
specified in the MMP:

• “To protect natural ecosystems and use natural resources
sustainably”; and

• “To sustainably manage the marine natural resources of
St Helena including fisheries and mineral extraction with
minimum impact on species abundance, diversity and
habitats”.

There is high importance placed on the marine environment
around St Helena, with significant socio-economic and cultural
value associated with ecosystem goods and services sourced from
the marine environment (Rees et al., 2016). Marine life such
as whale sharks (Rhincodon typus) supports a growing eco-
tourism sector. Natural resources like finfish and marine sand
support the island economy through fishing and provision of
building materials. Appropriate management of human activities
that have a high risk of negatively impacting the marine
ecosystem is considered essential for long-term sustainable
development on the island.

The St Helena marine environment (intertidal areas, near
and offshore waters) are considered biologically diverse. Some
species are endemic to the island, with an estimated 50 endemic
species recorded to date (SHG, 2016b). A diversity of marine
species including algae; corals; crustaceans; fish; sharks and
rays; sea turtles; seabirds; cetaceans (dolphins and whales); and
seabirds have been recorded, either as residential or seasonal
migrants. The St Helena Environmental Protection Ordinance
(EPO) (SHG, 2016a) lists over 60 marine species protected
around St Helena. The EPO makes provision for the protection
of the environment at St Helena and has a schedule of marine
species that are protected under the St Helena MPA.

Existing Sand Extraction
Sand extraction from the subtidal shelf has been ongoing since
1979. Extraction has mainly been from James Bay, next to the
island capital of Jamestown (Figures 2, 3). The method involves
pumping sand from a barge anchored in nearshore waters. The
barge is moved between permanent anchors, and anchors can
be dragged to a new position if needed. The sand is transported
through an 8 cm suction pipe with a 5 cm delivery end. The
sand is filtered to remove any non-target material e.g., larger
rock/stone, organic matter, litter etc. The filtered material is
disposed of away from the extraction sites. The extracted and
filtered sand is stored on land to dry. This marine sand is used
mostly for mortar and plastering by local businesses. The existing
level of extraction activity is estimated to be relatively low e.g.,
average of 1,500 m3 pumped per annum, and stable. From habitat
mapping work (information shown in Figure 3), the total area of
the sand habitat in the inshore area of the island is considered
to be approximately 43.2 km2, representing 26.6% of the mapped
area (162.4 km2) and 19.5% of the whole shelf area. However, this
value may be an underestimate because the whole inshore area
(22 km2) was not mapped at the time of the survey.

Assessment of Existing Activity
Here we present a case study based on existing sand extraction
activity, in a scenario where an operator has requested a
permit/licence for the continuation of sand extraction. The steps
in the decision tree (Figure 1) have been followed to appraise
generic risk, using an example receptor group of benthos (infauna
and epifauna). The study seeks to determine whether current
levels of extraction pose a risk to the marine environment and
are sustainable. Extraction of more resource than would be
sustainable is undesirable and could potentially have a significant
adverse impact on the marine environment and MPA.
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FIGURE 2 | Map of St Helena island (left insert) with a zoom into James Bay on the north coast of the island (upper right insert), where the majority of sand
extraction activity takes place. St Helena is located in the mid-South Atlantic Ocean, and the entire 200 nm Exclusive Economic Zone is designated as an IUCN
Category VI (Sustainable Use) MPA (lower right insert). Bathymetry data sources: Cefas, British Antarctic Survey and St Helena Government (2018 and 2019).

Step 1: Characterise the Activity
• Previous extraction activity.
• Area of extraction estimated to be 50 m2. Figure 3 shows

the licenced area for sand extraction and the seabed
habitat that dredging can directly and indirectly affect.

• Duration of works between 1 week and 1 month, but
occurring sporadically throughout a year, depending
on resource need.

• Occasional frequency of the activity.
• Dredge depth estimated to be 0.5-1 m.
• Within the St Helena IUCN Category VI (Sustainable Use)

MPA.

Step 1 outcome: low-high rating and so proceed to step 2
Step 2: Identify Pressure Pathways and
Environmental Receptors
To identify potential benthic receptors in the extraction area,
the EPO list was consulted and supplemented with information
about non-EPO benthic species identified from monitoring data,
from, for example fish and benthic epifauna surveys (Brown,
2014, 2015). Examples of sand-associated species (primarily
epifauna) at St Helena include:

• Annelida: Devil worm (Lygdamis wirtzi), a tube forming
bristle worm (polychaete).

• Arthropoda: Crustaceans such as Lesser spotted shame-
faced crab (Cryptosoma cristatum) that lives buried
in sand substrata and has been recorded in shallow
waters of James Bay.

• Mollusca: Scallop (Euvola turtoni) and bivalve mollusc
(Semele modesta).

• Echinodermata: Sand sea cucumber (Thymiosycia spp.),
St Helena sea star (Astropecten sanctaehelenae), Hairy
pincushion urchin (Pseudoboletia atlantica) and Slate
pencil urchin (Eucidaris tribuloides).

In addition to the available site-specific evidence, the sand
biotope classification (infralittoral mobile clean sand with sparse
fauna) was considered. Within the location of existing dredging,
the analogous marine biotope from the 2019 EUNIS habitat
Classification (for European habitats)3, is considered to be the
biotope ‘Sparse fauna in Atlantic infralittoral mobile clean sand’.
A list of common phyla associated with sand habitats were
developed to assess the likely impacts of sand extraction on
benthic communities associated with sand habitats.

3https://www.eea.europa.eu/data-and-maps/data/eunis-habitat-classification
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FIGURE 3 | Habitat map of the St Helena subtidal area showing the location of the sand extraction licenced area (red square).

As shown in Table 2 (and the Supplementary Materials),
the activities considered are anchor dredging with suction pipe,
disposal of screened material from sand pumping/anchor
dredging, and movement between existing anchors or
deployment of new anchors. In this St Helena example,
benthic invertebrates present in the dredge area may suffer
mortality or physical damage from being drawn into the
intake pipe and passed through screens on board the vessel;
hence these may be removed from the local population.
The seabed area in James Bay where sand extraction occurs
is coarse sandy substrate, as indicated from drop-down
images obtained in the inshore areas (SHG data, 2013-
2019 unpublished). Analysis of photos from a diver based
subtidal benthic monitoring programme (2013-2019) also

indicates the sandy substrate to be species-poor and with
an absence of any benthic species listed in the EPO (Cefas,
unpublished). Detailed benthic infaunal data, notably
within the extraction area, were not available at the time
of assessment.

The spatial extent of the known extraction (estimated to
be 50 m2) is a very limited area compared with known
sand substrata around St Helena (estimated at 43.2 km2) and
potentially, a small proportion of the benthos are likely to be
affected. Taking in consideration the current levels of extraction
activity and species-poor substrate in the seabed area exposed
to dredging (as evidenced from analysis of subtidal monitoring
data from quadrats and drop down cameras), impacts are
unlikely to be observed at the population level. The spatial
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extent of the extraction is a very limited area compared with
known sand substrata around St Helena and potentially, a small
proportion of the benthos are likely to be affected relative
to the total population. Also, the biotope (‘Sparse fauna in
Atlantic infralittoral mobile clean sand’) is characterised by
benthic macrofauna considered to be mobile, abundant and
possessing biological traits such as rapid reproduction, that
generally facilitate recolonisation and thus high recoverability.

Step 2 outcome: pressures and pathways identified for benthic
receptors, so proceed to step 3 to assess consequences and
likelihood
Step 3: Consequences and Likelihood of Impact
A ‘low’ level of consequence can, therefore, be assigned (Table 3)
to this example. The likelihood of occurrence can be deemed
‘likely’ (Table 4), because the activity itself (sand extraction) is
known to occur frequently.

Step 3 outcome: consequence level noted and proceed to assess
risk in step 4
Step 4: Assess Risk
The ‘low’ level of consequence and likelihood of occurrence as
‘likely’ means that it is ‘likely’ that the local benthic invertebrate
fauna is affected by the sand extraction activity, hence the
predicted level of consequence is ‘low’.

Step 4 outcome: risk level noted and proceed to include
confidence rating in step 5
Step 5: Evaluate Risk and Assess
Uncertainty/Confidence
It can be concluded that with these factors combined, a ‘low’ level
of risk is indicated. However, low confidence is assigned due to
limited quantitative data on receptors affected and the nature
and characteristics of the activity itself. A low confidence, low
risk conclusion means a more detailed environmental assessment
may not be required. But low confidence should be addressed
with further data collection, where resources and capacity allow.

Step 5 outcome: risk level with confidence indicated, and
potential for further data collection to address low
confidence. New data that are collected would trigger a new
ecological risk assessment
With the completion of ‘step 5’, and where moderate or high
risk has been identified then management options would need
to be appraised in ‘step 6’ for mitigation and monitoring and
applied during ‘step 7’. However, appraisal and implementation
of management options (steps 6 and 7) are not considered further,
as they are outside the scope of this study.

DISCUSSION

This study has developed a novel approach to environmental
impact assessments in the marine environment. The St Helena
MMP (SHG, 2016b) identified the potential for sand extraction
to have negative impacts on the marine environment, noting the
requirement for a tailored assessment to identify, minimise and
prevent potential impacts. The tool we developed focused on the

second step of a risk assessment and provided a detailed decision
tree/step wise process that allows a consistent approach to be
taken for these environmental impact studies, and the screening
and scoping thereof. Whilst there are guidance documents that
provide either specific or generic guidance for the different steps
(e.g., Fletcher, 2005, 2015; Gormley et al., 2011; Koss et al.,
2011; Lonsdale et al., 2015, 2020; European Union, 2017a,b,c;
Cains and Henshel, 2021), this is the first of its kind, that the
authors are aware of, that brings all of these together to deliver
a consistent and comprehensive assessment of a development in
the marine environment.

Evaluation of Proposed Approach/Tool
A pragmatic, robust and cost-effective risk-based approach has
been developed and presented as a step-wise decision tree. The
steps and requirements have been applied to assess potential
ecological risk from existing sand extraction at St Helena. To the
best of our knowledge, this is the first instance of a risk-based
marine ecological assessment method, developed for a marine
activity (sand extraction) at an overseas island.

The case study was based on existing activity at St
Helena; however, the approach is considered adaptable in that
new data/evidence could be incorporated when these become
available. The approach could be adapted for assessing risk
from different scenarios of sand extraction activity. For instance,
increased extraction volume within an existing site, or even an
assessment for a new proposed extraction site.

Furthermore, the approach could be applied to strategic
planning of resource exploitation, for example, by identifying
marine areas that offer the least environmental impact (with or
without mitigation/monitoring). Operators/applicants can then
be directed towards those areas selected for exploitation to
minimise potential impacts on the marine environment and the
MPA (e.g., see Polido et al., 2014).

Aside from sand extraction, the criteria and requirements
in our approach could be adapted to help assess potential
environmental risk from other types of marine activity, like
capital or maintenance dredging (e.g., Manap and Voulvoulis,
2014). This framework does not explicitly determine spatial or
temporal scales, but these are implicit within the framework when
determining the impact magnitude e.g., in Steps 1, 2, and 3 of
Figure 1.

There is an opportunity to develop the decision tree
further to incorporate a management stage (step 7) relating to
licensing/permitting by a marine manager/regulatory body. The
management stage could consist of a table of agreed mitigation
measures (activity specific or more generic), and a table
for environmental monitoring options. The marine manager
or regulatory body could consult the table when specifying
conditions to be attached to a licence/permit for an activity.

The approach could also be further adapted to incorporate
socio-economic and cultural considerations, thereby enabling a
more holistic assessment.

More broadly, the approach proposed could be adapted for
use by marine decision makers/regulators in other overseas
States, where environmental data are lacking, resources to
support assessment and marine management are limited,
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yet regulatory drivers exist for sustainable management and
development. Therefore, the approach in this study could have
a wider application.

Moreover, the proposed approach is noteworthy as it
potentially aligns with recommendations from a global
perspective report on sand resource (marine and terrestrial),
sand extraction and sustainability (United Nations Environment
Programme, 2019):

• “Customise existing standards and best practices to
national circumstances [and extend where necessary to
curb irresponsible and illegal extraction]. . .. Guidelines for
governing, planning and managing sand extraction at the
regional and international legal scale are needed. So is
support to countries for customising these guidelines in
national policy, law and regulation where these do not
currently exist.”

• “Invest in sand production and consumption
measurement, monitoring and planning. . .International
community organisations with mandates and access to
relevant data need to collaborate on a rapid information
synthesis, design a long-term monitoring programme and
produce a rapid rapid assessment tool in the context of
existing processes in EIA, SEA, Responsible Mining and
water governance. . .”.

Strengths
The risk-based approach developed and presented in the form
of a decision tree has several strengths. The framework can be
applied in remote areas and/or data-limited situations to arrive
at an assessment of risk and confidence (in conclusions) quite
quickly, and with relatively limited resources. The presented
approach provides a way to evaluate risk of multiple effects on
multiple ecosystem components and even to a degree, considers
the complex interactions of direct and indirect effects. Whilst the
framework has been developed to support decision makers (and
developers) in data limited areas, it also provides a consistent and
transparent method that could be applied anywhere in the world,
either as a screening tool or where an interim decision is needed
to manage an activity until the required data is collected.

The risk-based approach provides a mechanism to filter the
parameters included in the assessment and narrows the scope
of any further assessment by considering the pathways between
activities, pressures and ecosystem components, alongside the
likelihood (risk) of exposure. This serves to (1) eliminate
parameters from the assessment and conversely, highlight
parameters that should form part of the assessment; (2) recognise
where data are sufficient but identify the need to collect
additional information where there are gaps in data, knowledge
or understanding; and (3) identify the need for more extensive
environment assessment and/or monitoring and/or management
intervention where the level of risk is assessed as high.

The presented approach could be developed into structured
guidance for regulators and industry for use in local scale
evaluations. Once published, the method can be accessible
to marine managers, without any associated fees, charges or
commitments to ISO accreditation.

This tool could provide a clearer pathway for science advice
in the ecological assessment process, ensuring the evidence-base
for management measures and decisions are sound, defensible,
informed by best available information and derived using a
systematic process. The approach introduces transparency of
process, clearer communication at all levels and cultivates public
and stakeholder trust (and potential for engagement) in the
decision-making process.

The tool also facilitates improved understanding of the marine
system through a feedback loop, which prompts repetition
and review of the assessment as new data are collected,
thus implementing an adaptive management approach. This is
particularly important for small Island States, such as St Helena,
where activities are ongoing, but a robust baseline or monitoring
regime are lacking. Conversely, the tool could be used in data
rich areas to ensure a consistent and transparent process is
followed to assess and licence all activities and developments in
the marine environment.

The approach can be used as a mechanism to communicate
confidence in an assessment to decision-makers and stakeholders.
It should also increase decision maker’s confidence when
conducting an assessment of evidence, which has been submitted
by an operator for a permit/licence application.

Limitations
The risk-based approach can be subjective and does have
basic data/knowledge requirements to understand and apply the
approach. Awareness of evidence sources and having a level of
ecological knowledge, or having access to specialists with the
knowledge, would be important for the assessment of pressures,
pathways and impacts to marine receptors, when interpreting
and using matrices in the approach. Regardless of the assessment
method employed, including any data collection methods, the
limitations, confidence, and uncertainty must be clearly described
in the assessment report (Lonsdale et al., 2017). The level of
confidence (including uncertainty and taking into account the
limitations) will be a consideration for the decision maker when
determining an application, and whether any additional surveys
or monitoring are required either before, during or following the
development. Assessment of uncertainty is included in Step 5 of
the framework (Figure 1), but specifics are not provided (and are
out of scope) in this study.

The approach does not account for traditional, cultural,
social, ecological, technical, and economic policy objectives, as is
recommended by Cormier et al. (2019). Also, there is not a full
consideration of what is deemed to be ‘acceptable’ impact/change
by a regulator/manager (Berger and Hodge, 1998; Fletcher,
2005; Aubry and Elliott, 2006; Tett et al., 2007; Cooper, 2013;
Elliott and Quintino, 2019).

As per other environmental assessments, not all impacts and
receptors can be assessed at the same level of detail or the same
spatial or temporal scales (Hobday et al., 2011; Lonsdale et al.,
2017). This may be due to data or time constraints, or due to the
nature of the impacts and/or receptors e.g., short versus long lived
species will react to pressures differently. This approach assumes
that if an activity has occurred in the past, and no impacts
have been identified, that it is low risk. However, given limited
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resources, there may be a risk that impacts have occurred but due
to no, little or ineffectual monitoring, have not been observed.
A feedback loop is, therefore, included in the approach to link the
collation of data (either through baseline surveys or monitoring),
to a review of the assessment to check and where necessary, revise
the level of risk.

Leading on from the above, a current limitation (but also
a driver for the development) of the tool is the lack of robust
data for small Island states to inform such assessments. St
Helena, for example, has a high level of endemism due to its
isolation. Species with restricted ranges and genetic separation
or geographical isolation may be more vulnerable to the direct
and indirect impacts of human activities. An absence of spatial
and temporal data to support decision making can put such
species at higher risk and so an initial step prior to any
environmental or risk assessment should be to better understand
the marine system (Ostrom, 2009, 2011); this might include
cataloguing the data available. Around St Helena, knowledge of
the ecology and distribution of endemic fish species is constantly
expanding, but less is known about their reproductive behaviour
and wider movement. Similarly, little is known about the seabed
infauna. A gap analysis is therefore a useful precursor to a risk
assessment and in an MPA, enables prioritisation of data for
vulnerable species; species that share the same spatial footprint
as the activity or it’s predicted impacts; species that are afforded
international conservation status; or species with little or no
information on their life stages or resilience to human activity
induced stressors.

Whilst providing generic mitigation measures, the risk-based
approach does not assess the efficacy of such measures, as these
are dependent on the magnitude of the impact, the vulnerability
of the receptor and natural prevailing conditions.

CONCLUSION

Here a specific approach to assessing environmental risk in data-
limited locations is proposed. The suggested multi-step process is
based on existing concepts of risk and environmental assessment
and is paired with an assessment of uncertainty. Although, the
application is at an early stage, several of its uses and limitations
can already be identified.

There are many challenges associated with monitoring and
managing human activities within maritime areas, and especially
within MPAs. Information is not always available at the relevant
spatial or temporal scale for management and management
measures need to be aligned so that they address objectives from
local to regional scales. This mismatch of scales makes it difficult
for managers to account for future combined human-natural
systems in marine planning processes (Lubchenco and Petes,
2010; Stelzenmüller et al., 2013).

We hope that our approach will drive forward practical
guidance on marine spatial management in remote areas.
Delivered with structured guidance, we believe the approach
developed would be beneficial for remote island States with
limited resources, human activity data and environmental data.
The risk-based approach could also support States seeking to

achieve the UN Sustainable Development Goal 14: ‘Conserve and
sustainably use the oceans, seas and marine resources’.

In the future, feedback from St Helena Government on tool
use and application will be used to inform its refinement. It is
also anticipated that the tool could be tested on other cases so that
the lessons learned provide insights into the approaches required.
This should support the long-term management of marine spaces
to ensure sustainable use of resources and marine protection.
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