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Executive summary

Natural England, supported by the Government’s 25 Year Environmental Plan, are committed to
supporting the delivery of net gain. Currently, under the Environment Bill, biodiversity net gain does
not include projects situated below mean low water. However, there is the potential to extend
biodiversity net gain to include all development within the England’s territorial waters. An important
aspect of habitat management (as well as potential to achieve net gain) is understanding and
potentially managing the recovery process. This project has reviewed assisted recovery options
and options to achieve effective recovery following cessation of impacts or to achieve recovery
objectives. The project outputs consist of this report and a standalone Excel spreadsheet which
presents an overview of the work and provides part of an overall framework to support decision
making around assisted recovery options.

Objective 1 Define recovery

The first objective of the project was to review and define recovery. This project uses the terms
natural or passive recovery to describe the potential of a habitat and/or species assemblage to
move towards a recovered state following the removal of pressures. The inherent ability of
impacted communities to recover following the removal of pressures is referred to as recovery
potential. Active or assisted recovery, refers to the application of interventions or measures to
initiate or maintain recovery towards but not necessarily to complete the transition to a recovered
state.

Objective 2 Assess natural recovery potential

Secondly, the project determined the recovery potential of subtidal habitats (classified according to
the EUNIS habitat classification), the project used recovery scores from the Marine Life Information
Network (MarLIN) project and information from other sources. For those habitats that have longer
recovery times than two years (where recovery is assessed as Medium, Low or Very Low) a
literature review of assisted recovery options available was conducted (Objective 3).

Objective 3 Assisted recovery options

Active or assisted recovery options for the marine environment can be classified as either eco-
engineering options that improve physico-chemical factors and processes (including sediments,
water quality and quantity) or those that engineer the ecology, by replanting or restocking species.
Elements of both approaches may be required to assist recovery. Assisted recovery approaches
focussed on ecology have been undertaken for a limited number of habitats and species and have
typically focussed on biogenic, habitat forming species which play key roles as eco engineers in
modifying the environment and that provide additional ecosystem services and goods and benefits.

Objective 4: Assisted recovery costs, benefits, risks, challenges and uncertainties

For each assisted recovery option identified, we provide an overview of the advantages and
disadvantages of each when compared to natural recovery, and costs summarised in the technical
appendices.

Most approaches to assist recovery of marine species can still be regarded as under development
in terms of application to English subtidal marine habitats. Application of most approaches is
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largely experimental and small-scale although seagrass and oyster restoration projects are
beginning to be implemented in larger areas.

A key aspect of feasibility is identifying sites where assisted recovery may be successful,
particularly when creating biogenic habitats that may have been absent for a long-time. Feasibility
investigations require a range of assessments, including environmental conditions and habitat
suitability evaluations. Where transplantation is used, donor populations should be matched as
closely as possible to conditions in the transplant site to support population establishment and
resilience.

Assisted recovery projects are typically complex, resource intensive and costly. Assessing the
costs of marine restoration consistently across methods and habitats is challenging as many
studies do not provide complete information on costs and cost reporting is inconsistent. To allow
basic cost comparisons, costs sourced from the evidence review were standardised to hectares.
Many of the costs reported are for small-scale experimental studies and it is not clear how these
may scale-up across larger scale restoration activities where costs per unit area may be lowered.
Nevertheless, per hectare costs are consistently high for approaches that involve translocation or
reseeding of biogenic habitat forming species. Costs are lower for sediment focussed approaches
involving dredging, capping, gravel and shell-seeding that require one-off operations.

A key challenge for assisted recovery approaches is the establishment of eco-engineering species.
Where these are present in usual densities as beds or reefs they provide positive environmental
feedbacks or settlement cues that encourage recruitment and maintain populations. Biogenic
habitat forming species such as kelp, seagrass and bivalves, stabilize and trap sediments and
dampen wave energy facilitating retention of larvae and juveniles. Bivalve larvae are typically
induced to settle by the presence of individuals of the same species. Where populations are lost,
translocated individuals are typically either too small, too sparse or too unstable to modify their
environment and establish such self-facilitating feedbacks.

A number of risks are associated with assisted recovery. Approaches may impact donor
populations (where stock or transplants are obtained, for example seagrass) and impact habitats
and species within the footprint of the recovery project. Biosecurity risks around introduction or
spread of pathogens and invasive non-native species are important for a range of projects that
involve the movement of stock (transplantation and translocation) or infrastructure such as artificial
beds. The creation of permanent or temporary infrastructure at sea will affect activities and other
users and may impact safety.

As knowledge and experience of overcoming limiting factors and experience increases, assisted
recovery feasibility is likely to improve. Cost-effective approaches that can be used over wider
areas are being trialled, such as green gravel for kelps and seed bags for seagrass.

Objective 5. Decision support framework

Many of the decisions around restoration projects and the specific actions to be undertaken are
site-specific and cannot be accounted for in a generic framework. Nevertheless, we developed a
five step framework to support advice and management options for Natural England that could
support decision making workflows. Step 1, to determine the type and source of impacts is site-
specific and could not be addressed within a generic framework approach. Habitats within the UK
Marine Habitat Classification that occur in inshore and offshore regions of England were assessed
against: step 2: assess natural recovery potential; step 3: identify relevant assisted recovery
options, and step 4 evaluate feasibility, costs and benefits.
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Summary

Marine assisted recovery options focussed on species are expensive and labour intensive. For
most marine species, these barriers, coupled with low levels of economic return mean that no
options have been developed to assist recovery. It is therefore likely that for most habitats removal
of pressures to support the recovery of degraded habitats and management and conservation of
remaining habitats will be prioritised over assisted recovery.

Given the low feasibility, high costs and resources required for available assisted recovery options,
it is likely these would only be considered where pressures have been removed but populations of
high-value species are unlikely to recover naturally due to loss of connectivity and changes in
habitat conditions (for example, negative feedbacks).

Assisted recovery approaches have clear value for restoring biogenic habitats that have
undergone historic declines and which have not recovered naturally and that on their recovered
state provide high levels of ecosystem services and goods and benefits. Significant barriers remain
to assisting recovery including costs, feasibility, the complexity of projects and the level of
resources required. However, approaches are being developed such as the hessian bag planting
method for seagrass seeds and the green gravel approach for kelps, that are lower in cost and
scalable to larger areas.
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Introduction

Natural England, supported by the Government’s 25 Year Environmental Plan, are committed to
supporting the delivery of net gain. Currently, under the Environment Bill, biodiversity net gain does
not include projects situated below mean low water. However, there is the potential to extend
biodiversity net gain to include all development within the England’s territorial waters. An important
aspect of habitat management (as well as potential to achieve net gain) is understanding and
potentially managing the recovery process. A greater understanding of how to achieve effective
recovery following cessation of impacts or to achieve recovery objectives within Marine Protected
Areas (MPAs) is, therefore, required and forms the main objective of this specification.

Background

Subtidal marine habitats within UK waters are increasingly affected by several stressors including,
but not limited to fishing, aggregate dredging, oil and gas extraction and the expanding offshore
wind sector (driven by UK Net Zero ambitions). Consequently, there is a need to inform the
sustainable management and conservation of subtidal marine habitats. A critical aspect of habitat
management is managing the recovery process; this applies not only following specific stressors
such as the construction, operation and decommissioning of Offshore Wind Farms or aggregate
extraction sites, for example, but is also required to achieve recovery objectives within MPAs. In
order to maximise recovery potential and minimise recovery timescales, Natural England wish to
develop a consistent approach to the advice that they give regarding mitigation and recovery
options for individual projects, as well as a standard approach to managing subtidal species and
habitats with recovery objectives within MPAs.

Coastal and marine ecosystems restoration to date has focussed on biogenic habitats: seagrass
beds, coral reefs, salt marshes, oyster reefs, and mangrove forests. The ideal aim of many
ecological restoration projects is to return the system to its past natural state. Alternatively, the
goal of restoration may be to bring the target habitat to a healthier state (i.e., a “self-maintaining,
vigorous, resilient state to externally imposed pressures, and able to sustain services to
humans...”; Tett and others, 2013). Under other circumstances, restoration may focus on repairing
the structure and function of degraded systems to some extent (see Dobson and others 1997 and
Elliott and others 2007 for different definitions) or providing some function where missing (for
example, ports or other marine urban environments; Dafforn and others 2015).

Project Objectives
The project comprises the following objectives.

Objective 1. Owing to the high degree of variability in the use and interpretation of the term
‘recovery’, a definition of recovery in the context of both development and MPA management is
required to underpin the subsequent objectives.

Objective 2. Provision of an assessment of subtidal habitat and species recovery potential, with a
particular (but not exclusive) focus on the following habitats subtidal sands and gravels (European
Nature Information System (EUNIS) A5.1 and A5.2, including Habitats Regulations feature H1110:
subtidal sandbanks), subtidal mud (EUNIS A5.3 including A5.361 and A5.362), subtidal mixed
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sediments (EUNIS A5.4), sublittoral biogenic reefs (A5.6 including Habitats Regulations feature
H1170) and subtidal rock (A3 and A4).

Objective 3. For those habitats with anything other than ‘High’ recovery potential (according to the
Marine Life Information Network (MarLIN) definition), a literature review of assisted recovery
options available should be conducted (including any recent technologies and methods that have
been developed), and where possible, examples of the effectiveness of artificial assistance vs
natural recovery provided for each broadscale habitat or feature.

Objective 4. For each assisted recovery option identified, provide an overview of the advantages
and disadvantages of each when compared to natural recovery, and include a cost and benefit
analysis. These should include but not be limited to time, genetic diversity, potential introduction of
invasive and non-natives, and cost of introduction. Assess the feasibility of assisted restoration of
all marine and coastal habitats and species considered and summarise the risks, challenges and
uncertainties. Provide recommendations for future research/work required where relevant.

Objective 5. Provide a concluding framework to facilitate a consistent standardised approach to
the advice and management options considered by Natural England going forward.

Report structure

The report consists of this introductory section and separate chapters for each objective. The
report finishes with discussion and conclusions. A glossary is provided and appendices three to
eleven contain supplementary information on specific recovery approaches.

A separate Excel spreadsheet is supplied that provides the Objective 2 recovery scores and
information and the Objective 5 decision making framework.
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Objective 1 Defining recovery

The literature on recovery in marine and estuarine environments is substantial. This project
provides a review and definition of key concepts used to refer to recovery and restoration
approaches and a glossary of relevant terms.

As outlined in Mazik and others (2015), recovery has been described as the process of returning to
a normal state or recovery end point after some period of being degraded (Borja and others, 2012;
Tett and others, 2013). Recovery is therefore the process of moving to a state that is considered to
be ‘recovered’ (Mazik and others, 2015). The changing trajectory of a community is the process of
‘recovery’ and the long-term stability of the climax community at a recognised pristine, reference or
target condition would be considered a ‘recovered’ state (Mazik and others 2015). Recovered
status is generally considered to have been achieved when a set of defined recovery end points
have been achieved. This definition of recovery is applicable to habitats, species and communities.

The Marine Life Information Network (MarLIN) project, defines recoverability as a potential: “the
ability of a habitat, community or individual (or individual colony) of species to redress damage
sustained as a result of an external factor”. Conceptually, two factors important to recoverability
are resistance and resilience, although as outlined by Elliott and others (2007), the term resilience
may be used in the same way as resistance by some authors (a key example is Holling, 1986 but
see also Peterson, 2000). Resistance, as used by the MarLIN project and other studies to assess
habitat and species sensitivity, is defined as the degree to which a variable is changed following
perturbation (Pimm, 1984) and describes the tendency to withstand being perturbed from the
equilibrium (Connell and Sousa, 1983). Whereas resilience is defined as the ability of an
ecosystem to return to its original state after being disturbed. A habitat that has high resistance to
a pressure will change less and would generally be assumed to recover more rapidly or more
readily from pressures than a habitat which has low resistance and is more changed following
exposure. Resistance as a property of ecosystems may vary between pressures. A habitat and
biological community, for example, may be very sensitive to abrasion but not to changes in
temperature. Recovery may also vary depending on the pressure type and the components of the
habitat affected. For example, hydroids associated with soft rock would recover more quickly from
abrasion than the substratum would from physical damage.

It is challenging to determine when change has taken place, what status represents recovery, and
at what stage of that trajectory a habitat or species population may be. Baselines are dynamic and
change through time and may not be reached simultaneously for different indicators of ecosystem
status (Borja and others 2010). Borja and others (2012) reviewed the main methods for
establishing baselines (or end points) that represent the recovered state. These end points can be,
according to their value as a methodology for establishing baselines:

pristine conditions;

historical observations;
modelled predictions; and
best professional judgement.

.

The indicators selected for assessing recovery of species, communities and habitats have included
assessments of ecosystem structure, ecosystem function, ecosystem services and other standards
(Duarte and others, 2015, Baggett and others, 2015). Mazik and others (2015) suggest that:
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“‘whether defined according to targets, reference conditions or historical baselines, ‘recovered’
should refer to stability and long term sustainability, within the constraints of natural habitat
evolution and variability. That is, species richness, abundance and biomass values (total
abundance for a community or an individual species) should be restored together with the
component species, their relative abundance and their population structure and that this
‘recovered’ species or community should be stable (again, within the constraints of natural
variability) and sustainable (the biological component has sufficient size and resources to maintain
itself over time).”

As Mazik and others (2015) outline, practical workable assessments of recovery and recovered for
habitats and species will need to be based, in part, on the best available information and will need
to allow for consistent, economically viable and fit-for-purpose monitoring over a realistic timescale.
The state of a feature that can be considered to represent a recovered end point should be
considered as a range of expected values for a particular feature, derived from historical data
(where available) and/or according to existing data from a broad range of sites supporting that
feature. A recovering population or community would then show signs of developing towards this
range whilst a recovered population or community would remain within this range, subject to
natural variability. The required elements to develop a Recovered Reference Range are:

1. long term stability (within the constraints of natural variability);

2. achievability in that unrealistic targets should not be set in terms of, for example,

timescale, spatial extent or density given that, for some species and habitats, reaching

‘recovered’ status may not be achievable;

spatially explicit;

measurable/quantifiable;

5. contain enough descriptive data to capture the various ecological dimensions of the
feature ensuring that the attributes necessary for stability are accounted for (for
example population structure as well as species richness and abundance; reef integrity
as well as spatial extent);

6. representative of the required legislative end point (for example, favourable
conservation status);

7. self-sustaining (i.e. self-sustaining based on interactions between connected
subpopulations of a meta population);

8. based on the best available information.

> w

Mazik and others (2015) advanced the definitions of recovery and recovered for species with
regard to reference ranges determined on the criteria above, as provided in Table 1.
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Table 1. Definitions of recovery/recovering and recovered for species, communities and

Component

Single species

physical habitats from Mazik and others (2015).

Recovery/recovering

A consistent trajectory, detectable
above systemic variability, of net
population growth, with biomass
and structural population
parameters, towards a range of
values, specified by the Recovered
Reference Range, for a defined
spatial area.

Recovered

A stable, enduring similarity,
detectable above systemic
variability, of population size,
biomass and structural
population parameters to the
range of values, specified by
the Recovered Reference
Range, for a defined spatial
area.

Communities (multiple-
species)

A consistent trajectory, detectable
above systemic variability, of
community descriptive parameters
towards a range of values,
specified by the Recovery
Reference Range, for a defined
spatial area.

A stable, enduring similarity,
detectable above systemic
variability, of community
descriptive parameters to the
range of values, specified by
the Recovery

Reference Range, for a
defined spatial area.

Physical habitats

A consistent trajectory, detectable
above systemic variability, of a
representative set of physical and
chemical habitat parameters
towards a range of values,
specified by the Recovery
Reference Range, for a defined
spatial area.

A stable, enduring similarity,
detectable above systemic
variability, of a representative
set of physical and chemical
habitat parameters to the
range of values, specified by
the Recovery Reference
Range, for a defined spatial
area.

Recovery towards a reference range may take place through natural or passive recovery, where

alleviation of pressures that have led to reduction in condition (degradation) are removed to allow
the habitat and characteristic species to recover (through migration, recruitment) (see Objective 2).
Alternatively, active recovery may be desirable or required. Active interventions take a number of
forms as described for Objectives 3 and 4. Allowing recovery by removing pressures, taking limited
measures to alleviate impacts or enhance biodiversity, or actively restoring ecosystems can be
viewed as a continuum or as intersecting approaches that are second-best options compared with
conserving high quality near pristine habitats with their natural biodiversity and ecosystem
processes (Geist and Hawkins, 2016). Elliott and others (2016) differentiated between restoration
based on eco-engineering that improves the physico-chemical processes (including water quality
and quantity), and approaches that engineer the ecology, by replanting or restocking species.

This project uses the terms natural or passive recovery to describe the potential of a habitat and/or
species assemblage to move towards a recovered state following the removal of pressures,
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although it is recognised that full recovery may not be possible. The inherent ability of impacted
communities to recover following the removal of pressures is referred to as recovery potential.
However, it recognised that for marine habitats, determining an unimpacted state against which to
measure recovery trajectory and the recovered end point (or Recovered Reference Range) may be
limited by evidence. Often for marine habitats there is the issue of shifting baselines, altered stable
states or regime shifts and variation between locations in habitat conditions (for example
temperature, or the underlying geology) and the structure and function of species assemblages.

Active or assisted recovery, refers to the application of interventions or measures to initiate or
maintain recovery towards but not necessarily to complete the transition to a recovered state. This
definition is comparable to the term ecological restoration, defined as an “intentional activity that
initiates or accelerates the recovery of an ecosystem with respect to its health, integrity and
sustainability” (Society for Ecological Restoration). Approaches that mitigate impacts may support
future recovery but are not themselves approaches to assist active recovery.

There is some overlap between these approaches. For example, actions (assisted recovery) to
restore the habitat conditions would then support the passive recovery of the associated biological
assemblage via larval dispersal and migration of mobile species.

Page 14 of 128 | What are the benefirsbenefits of assisted versus natural recovery? NECR475



Objective 2 Subtidal habitat and species
recovery potential

As outlined in Objective 1, recovery represents the trajectory towards a recovered end point. The
main factors influencing recovery of features were identified by Mazik and others (2015) as: (i)
initial and ongoing pressure extent, intensity and frequency, (ii) the degradation of the physical
habitat supporting the species or habitat of interest, (iii) fragmentation and connectivity within and
between areas, (iv) spatial extent, distribution and condition of the species and habitats before
recovery, (v) autecological factors such as fecundity, dispersal, growth and mortality, and (vi)
biogeographic changes in species and habitat distribution.

These factors are largely site-specific and the MarLIN assessments of the recovery potential of
habitats and associated species assemblages caution that recovery is not a deterministic process
that can be readily predicted. MarLIN provides a generic caveat for recovery assessments that:

“the resilience and the ability to recover from human induced pressures is a combination of the
environmental conditions of the site, the frequency (repeated disturbances versus a one-off event)
and the intensity of the disturbance. Recovery of impacted populations will always be mediated by
stochastic events and processes acting over different scales including, but not limited to, local
habitat conditions, further impacts, and processes such as larval-supply and recruitment between
populations.”

Notwithstanding these caveats, the MarLIN project and other studies have assessed the recovery
potential of features (habitats and species), with life history traits of associated species and the
habitat type being of particular predictive value (MES, 2008, Borja and others 2010, Duarte and
others 2015, Kaiser and others, 2006). Meta-analyses of over 100 fishing impact manipulations
show that slow-growing, sessile species such as bivalves, sponges and soft corals take much
longer to recover (up to 8 years) than mobile biota with shorter life-spans such as polychaetes and
malacostracans (<1 year) (Kaiser and others, 2006, Sciberras and others 2018).

Habitat processes and characteristics are also a key factor determining recovery rates. For sand
and coarse sediment habitats that are dominated by physical processes in areas of high wave
action or water currents, habitat restoration is typically relatively rapid (days to a few months),
whereas more sheltered muddy sand and mixed habitats that are mediated by a combination of
physical, chemical and biological processes, habitat restoration is much longer (months or >1 year,
Dernie and others 2003). For habitats characterized by long-lived habitat forming species, recovery
may require longer timescales or for particularly sensitive features, recovery may not occur. Deep-
sea corals and sponges grow more slowly and recovery times from trawling disturbance or oil spills
may range from 30 years to more than a century (Duarte and others 2020). Persistent pressures or
regime shifts may also prevent natural recovery.

Borja and others (2010), reviewed 51 long term case studies where recovery was monitored after
cessation of pressures and found that although, in some cases, recovery can take <5 years,
especially for the short-lived and high-turnover biological components, full recovery of coastal
marine and estuarine ecosystems from over a century of degradation can take a minimum of 15—
25 years to attain the original biotic composition and diversity may take longer. The time span of
recovery after removal of the pressure was highly variable, extending from several months (in the
case of meiofauna) to more than 22 years (in hard-bottom macroalgae and some seagrass
species).
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Assessing natural recovery potential

The MarLIN project provides information to support marine conservation, management and
planning that includes assessments of recovery potential of habitats (based on the UK and EUNIS
marine habitat classifications) after a range of pressures have been alleviated. MarLIN recovery
potential assessments have been used to provide an assessment of natural recovery potential and
are supplied in Appendix 1 and the separate Objective 5 Excel spreadsheet (Decision making
framework). The recovery from abrasion pressure was used as the basis of the recovery
assessments shown in Appendix 2 as this is typically one of the pressures with the most
developed evidence base from fisheries. The MarLIN project does not assess recovery from
subsurface penetration or extraction for rock habitats as these habitats are not considered likely to
be exposed to these pressures. The recovery assessments for the penetration and extraction
pressures are supplied within the Excel spreadsheet that accompanies this report as they were
considered to be informative for a higher degree of disturbance for sedimentary habitats. For each
soft sediment EUNIS biotope a decision was made whether to use the abrasion or
penetration/extraction assessments. Where key species on which sensitivity was based were
larger burrowing infauna, the more damaging penetration and extraction pressures were used as
more representative of recovery potential.

The habitat components that underpin the recovery assessment for each EUNIS level 5 biotope
were identified from MarLIN where recovery potential was assessed as ‘Medium’ (full recovery
within 2-10 years), ‘Low’ (full recovery within 10-25 years) or ‘Very low’ (Negligible or prolonged
recovery possible; at least 25 years to recover structure and function). For each habitat any further
information found within the evidence review was included in the Excel spreadsheet (column AQ).
For some species, additional searches were undertaken or the BIOTIC database of life history
traits was used to supplement information (see Appendix 1 for literature search terms).

EUNIS level 5 habitats that are assessed as having ‘Very low’ recovery, either occur on soft rock
or in seeps and vent habitats where the habitat is not predicted to recover, or are biogenic habitats
formed by slow-growing species such as maerl, horse mussels, cold-water coral reefs and Serpula
vermicularis reefs. Slow or very slow recovering species within habitats that determine the
recovery potential include long-lived slow growing Axinellid sponges, sea pens and anthozoans.

Muddy sands and deeper more stable circalittoral reefs, muds and sands and biogenic habitats of
blue mussel (Mytilus edulis) and the Ross worm (Sabellaria spinulosa) are expected to have
‘Medium’ recovery potential. Recovery is predicted for these species based largely on their life
history traits including longevity and larval dispersal potential of the species assemblage. There
are typically evidence gaps for small infaunal components around ecology, life history traits and,
hence, recovery potential.

Habitats with ‘High’ recovery occur mainly within environments subject to disturbance that are
dominated by physical processes and are characterized by smaller, robust, fast-growing, short-
lived species. Examples include sediments that occur in variable salinity and those that are very
tide-swept or are found in surge gullies.

Most of the evidence for recovery from disturbances is based on fishing activities, dredging and
aggregate extraction. These activities mainly affect soft-sediment habitats and there is, therefore,
less direct recovery evidence for rock habitats, particularly animal dominated circalittoral rock
habitats.

Page 16 of 128 | What are the benefirsbenefits of assisted versus natural recovery? NECR475



Objective 3 Assisted recovery options

The literature review (see Appendix 1 for search terms) undertaken for this project identified a
number of measures that are relevant to recovery. Mitigation is included briefly here as it supports
recovery by minimising impacts on species, habitats, and ecosystems. Mitigation measures
(ABPmer, 2020), used before, during or after projects include measures that:

¢ minimise disturbance, loss of habitat, impacts on migration pathways or sensitive sites by
considering site selection and project scale;

e minimise disturbance to sensitive locations with exclusion zones;

¢ minimise disturbance to benthic habitats though infrastructure design;

e minimise habitat disturbance during decommissioning with the use of Best Practicable
Environmental Option decommissioning standards;

e minimise impacts on hydrographic factors and the sedimentary regime through design of

infrastructure, demonstrated through appropriate modelling;

enhancement of infrastructure to increase species diversity;

minimise impacts on habitats through micro-siting;

minimise release of suspended sediments in the water with construction techniques;

minimise impacts of construction on sediment processes with construction techniques;

minimise impacts to physical processes by undertaking work or operating at appropriate

tidal states, and

e consideration of the introduction of invasive non-native species and development of a
Biosecurity Management Plan.

Restoration actions differ in terms of their applied strategies and approaches and whether they are
focused at population or habitat levels or at an even broader landscape scale: the ecosystem level
(for example, restoration of a watershed ecosystem). The focus of the evidence review was
assisted recovery options, which according to Elliott and others (2007) have been divided into eco-
engineering options that improve physico-chemical factors and processes (including sediments,
water quality and quantity) and those that engineer the ecology, by replanting or restocking
species. In practice both approaches may be required for recovery to occur. For instance, if the
water conditions are detrimental to the introduction and persistence of the species, the water
quality itself should be restored prior to implementing any restoration actions. Ecological
approaches may also improve conditions. Examples include restocking filter feeding bivalves to
improve water quality, an approach that has been used in small, enclosed dock habitats (Hawkins
and others, 2020).

Systems displaying alternative stable states may also need both physical and biological forcing to

return to the desired state (Scheffer and others, 2001). Physical-chemical improvements can alter
bottom-up forcing to support restoration of habitats but putting back in place top-down control, for

example, grazers will require biological intervention (Nystrom and others, 2012).

Some general principles apparent across studies were summarized by Geist and Hawkins, (2016).
In more enclosed systems, these include:

stopping as many impacts as possible and harnessing natural recovery processes;
action to reinstate the geomorphological template and hydrodynamic processes;

control of excessive bottom-up forcing such as eutrophication, and

restoration of top-down control by higher trophic levels concentrating on ecosystem
engineers, keystone species, and habitat forming and shaping species or assemblages.

In more open systems such as bays and offshore marine areas the main, feasible restoration
suggestion was to remove impacts and rely on natural recovery as far as possible (Geist and
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Hawkins, 2016). Steps to support recovery of natural habitats through management of pressures
have been widely implemented in the UK. Examples include:

e use of byelaws or other enforcement measures to ensure activities avoid sensitive areas;
¢ designation of Marine Protected Areas to protect species and habitats of conservation

interest, and

e improvements in water quality through reduction in contaminants

The first step in enabling recovery of any degraded ecosystem is to remove or reduce current
impacts. Where impacts are not direct and clearly linked to habitat loss or degradation
investigation may be required to target actions that will have most effect (Geist and Hawkins,
2016). This step is common to all restoration approaches and is, therefore, not included in Table 2
that considers eco-engineering to improve habitat conditions and Table 3 that considers
approaches to improve ecology by restoring species populations.

Further information is provided for assisted recovery options that were considered relevant to the
UK in Appendices 3-11 of this report.

Table 2. Examples of assisted recovery using direct interventions or ecoengineering that
improves the physico-chemical processes, including water quality and quantity and habitat

Component

Habitat: Shallow
subtidal mudflats

Measures

Sedimentation polders
using concrete-
reinforced brushwood
fence lines are often
employed to accrete
new mudflats in front of
new dykes in
Netherlands and
Germany.

References

ABPmer, 2020

Appendix

No. UK examples
not found

Habitat: Sands and
gravels

Sediment recovery
through shell-seeding,
gravel seeding, dredging
unwanted material from
the seabed. Bed
levelling and
recontouring, filling of
excavation pits

Saunders and others,
2010, Cooper and
others, 2011, Cooper
and others, 2013

Habitat: Subtidal
sediment

Targeted sediment
placement (Sediment

capping)

Cooper and others
2013. Oncken and
others 2022

Habitat: Boulder
reefs

Boulder field restoration.
Repositioning boulders
to restore boulder reefs

Stettrup and others
2017, Liversage, 2020
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Component

Measures

References

reef blocks or artificial
hard substratum

2018, Jensen, 2002

Bivalves Sediment harrowing to Bromley and others, 6
resurface buried shells | 2016
(ineffective)

Habitat: Rock reef Creating reefs by adding | Pondella and others 4

action

the form of small fences
in the intertidal)

2020

Water quality, Resalination; Ghosh and others, No as examples not
hydrology: Saline hydrological 2006, Thelen and UK and focussed on
lagoons modifications, algae Thiet, 2009, Thiet and | larger lagoons.
harvesting others, 2014
Predator exclusion Fences to exclude crabs | Schotanus and others, | 5
that predate on blue 2020
mussel (Mytilus edulis)
Reduction wave Artificial breakwaters (in | Schotanus and others, | 5

Table 3. Assisted recovery that improves the ecology by repopulation species through
improving brood stocks (population structure), restocking, translocation or other habitat

interventions.

Species

Oysters (Ostrea
edulis)

Transplanting
juveniles (seed or

Measures

Restocking:

spat) from hatcheries
or donor populations.

Substratum
restoration/
enhancement: adding
cultch to provide
suitable settlement
cues and substratum

Oyster nurseries
(submerged protected
cages).

2020, Liversage, 2020

References

Preston and others

Appendix

Page 19 of 128 | What are the benefirsbenefits of assisted versus natural recovery? NECR475




Species

Measures

References

Blue mussel (Mytilus | Restocking: Capelle and others, 5
edulis), cockles Transplanting 2014)

juveniles (seed or

spat) from hatcheries

or donor populations
Horse mussel Restocking: Farifias-Franco, and No.

(Modiolus modiolus),

Transplanting from
donor populations
(Experimental
technique and not
clear beds occur in
England’s waters).

Roberts, 2014

Cockles
(Cerastoderma
edule)

Hatchery restocking

Pronker and others,
2015.

No. Experimental
technique not used in
the UK.

Lobsters (Hommarus

Restocking from

Ellis and others, 2015

No. mobile species.

gammarus)- hatcheries
Blue mussel (Mytilus | Artificial substratum, Mussel, coir nets- de 5
edulis) cement based Paoli et al 2015
substratum Wadden Sea;
Shotanus and others
2020, Christensen and
others 2015
Seagrass Transplantation or Gamble and others, 7
translocation of 2021
seagrass seedlings,
sprigs, shoots, or
rhizome
Seagrass Seed collection and Marion and Orth, 2010 | 7
re-seeding
Seagrass Bags of Seagrass Unsworth and others, |7
Seeds Line 2019
(BoSSLine)
Kelp Transplantation, green | Fredriksen and others, | 8

gravel, seeding

2020
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Species Measures References

Maerl Translocation Sheehan and others 9
2015

Seahorses Artificial holdfasts Correia and others No.

(Experimental
approach Not used in
UK. Report focusses
on habitat not species
restoration.

2013 - (Hippocampus
guttulatus) Portugal

Sabellaria alveolata

Translocation
(attached to boulders),
Acrtificial reefs

MMO, 2019

No. Artificial habitat
not assisted recovery

Gorgonians

Translocation and
transplant of
fragments caught as
by-catch and attached
to small stones for
placement.

Casoli and others,
2022

No. Technique not
tested in UK

Cold water corals

Translocation and
transplant of
fragments

Linares and others
2020, Montseny and
others, 2020

No. Experimental
technique.

Effectiveness of natural versus assisted recovery

Lotze and others (2011) reviewed evidence for marine habitat recovery. They found that, in 95% of
cases, recovery had occurred directly as a result of the reduction or removal of pressures
(associated with human activities) that had led to the degradation of habitats or depletion of
species. Pressure removal was most successful when used in combination with other
management measures (such as habitat protection, bans or restrictions on certain types of fishing
gear, measures to improve water quality, reintroduction of species, active habitat restoration and
active protection of breeding colonies) whilst management measures alone, that did not include
direct removal of pressures, led to recovery in 72% of cases. This clearly indicates the importance
of management where anthropogenic disturbance is the primary cause of species and habitat loss.
Removal of pressures for the majority of habitats is likely to be the most effective approach to
supporting recovery, where the habitat is able to recover and support a similar biological

assemblage that can recolonise (through migration or propagule supply).

The effectiveness of assisted recovery versus natural recovery is apparent for habitats that have
undergone declines in extent and distribution and that will not recover, or are unlikely to recover,
without assisted recovery measures. Examples of habitats that are recovering only with active
intervention are boulder reefs that have been removed in their entirety (see Appendix 5) and
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oysters and seagrass beds which have suffered extensive, historical declines and suffer from low
natural recruitment due to multiple factors including changes in habitat quality, negative feedbacks
(turbidity and water movements) and lack of propagules inhibiting recovery (see Appendices 8 and
9). For habitats comprising long-lived species, assisted recovery may require the same timescale
as natural recovery in order to establish population age structure and typical features such as
canopy structure (for example for Ascophyllum nodosum) and biogenic reef structures (for
example Lophelia pertusa).

Translocation of species of conservation interest

Translocation (relocation) or transplanting of species of conservation interest is widely practised in
terrestrial and freshwater environments, for example for the protected great crested newt. In the
marine environment such practices are not widespread for species other than blue mussel
(commercial relaying) and for active habitat restoration (bivalves and seagrass). Hiscock and
others (2013) identified a number of rare species that could be translocated. These included the
lagoonal worm Armandia cirrosa and the spiny crawfish Palinurus elephas. Translocation to assist
recovery may only be appropriate for a very few marine species, such as those that have become
locally extinct and are unlikely to recolonize an area through their own dispersal mechanisms.
Attached species are less suitable unless boulders and cobbles could be moved. The translocation
of fragments of species that regenerate easily such as sponges and corals have been trialled but
only for tropical or Mediterranean species (Casoli and others, 2022).

Artificial habitats and assisted recovery

Species have been recorded as settling in artificial habitats, especially artificial reefs created for a
range of purposes. Examples include settlement of Sabellaria spinulosa on artificial reefs (Almeida
and others 2016). These examples have been noted in the Objective 5 framework Excel
spreadsheet. However, settlement on artificial habitats is not considered to be an example of
assisted recovery where the habitat itself is markedly different. For the habitat A5.611 (Sabellaria
spinulosa on stable circalittoral mixed sediment), artificial hard reef would not be considered to
represent this sedimentary biotope. S. spinulosa also occurs on hard rock (A4.221 Sabellaria
spinulosa encrusted circalittoral rock), however, the effectiveness of artificial reefs as an assisted
recovery approach is debatable as colonization may be highly variable unless species are
manually transplanted (approach trialled for kelps, see Appendix 10). It is unlikely that artificial
reefs or natural rock would be placed in the environment to restore this habitat given the
uncertainties that this would lead to the restoration of a S. spinulosa reef.

Implementation of assisted recovery

The most widespread approach to assisted recovery in the marine environment is the
management of pressures that lead to impacts on habitats and species. Eco-engineering
approaches such as measures to enhance water quality and reduce sediment contamination have
occurred across broad areas and have supported recovery. To date, assisted recovery efforts that
engineer the ecology have focussed on relatively large, sedentary species that form biogenic
habitats. These include bivalves that form reefs or beds (oysters, blue mussels) and seagrasses.
These biogenic habitats support high levels of ecosystem service provision, and goods and
benefits such as maintaining the populations of commercially exploited species, through direct

Page 22 of 128 | What are the benefirsbenefits of assisted versus natural recovery? NECR475



provision of brood stock supply to regenerate populations or nursery functions, for example
providing shelter for juvenile fish (Lefcheck and others, 2019). Once reintroduced, these biogenic
species can provide fundamental ecosystem functions and processes that will ultimately benefit
other associated organisms and support overall system recovery (Powers and Boyer 2014).
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Objective 4 Review of assisted recovery
options

Information on advantages, disadvantages, costs, benefits, feasibility and risks, challenges and
uncertainties of the key assisted recovery approaches identified in Objective 3, are provided in
Appendices 3-11 and the results and additional information is summarised here.

Feasibility

For each approach, information on feasibility is provided in Appendices 4-11. Most approaches to
assist recovery of marine species can still be regarded as under development in terms of
application to English subtidal marine habitats. Application of most approaches is largely
experimental and small-scale although seagrass and oyster restoration projects are beginning to
be implemented in larger areas (see Appendices 8 and 9).

A key aspect of feasibility is identifying sites where assisted recovery may be successful,
particularly when creating biogenic habitats that may have been absent for a long-time. Feasibility
investigations require a range of assessments, including environmental conditions and habitat
suitability evaluations. Where transplantation is used, donor populations should be matched as
closely as possible to conditions in the transplant site. Genetic considerations are also important
for species populations. Assisted recovery may provide an opportunity to increase genetic
diversity, for example, to introduce populations likely to be more resilient to climate change.

Removal of pressures and assisting recovery over larger spatial scales has been linked to
increased recovery success for seagrass beds (Appendix 9). Recovery options that are applicable
to small-scales only are unlikely to overcome negative feedbacks such as sediment instability that
inhibit recovery. A key example of this are mussel restoration efforts in intertidal flats in the
Wadden Sea (see Appendix 7). The small-scale of approaches means that beds cannot establish
in dynamic areas, as the wave dampening functions of beds have been lost following historic
declines.

As knowledge and experience of overcoming limiting factors and experience increases, assisted
recovery feasibility is likely to improve. Cost-effective approaches that can be used over wider
areas are being trialled, such as green gravel for kelps (Appendix 10) and seed bags for seagrass
(Appendix 9).

Costs associated with assisted recovery approaches.

Assessing the costs of marine restoration consistently across methods and habitats is challenging
(Danovaro and others, 2021). Many studies do not provide information on costs and for those that
do cost reporting is inconsistent. Evaluating reported costs between countries where labour costs,
for example, may vary and across different years (or decades) and currencies is also subject to
uncertainty. To allow cost comparisons, costs were standardised to hectares. Many of the costs
reported are for small-scale experimental studies and it is not clear how these may scale-up across
larger scale restoration activities where costs per unit area may be lowered. These caveats should
be recognised for the reported costs in Table 5 below and the cost evaluation presented in
Objective 5.
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Costing exercises rarely include the research costs to underpin decisions such as choice of
appropriate techniques and feasibility studies including pilot studies to support selection of donor
and restoration sites, and techniques. Further, the costs of non-consumable laboratory equipment
(e.g. stereomicroscopes or diving materials) needed tend not to be included in estimates as pre-
existing facilities are usually utilised. Costing exercises do not include the research and
background knowledge that is crucial to planning and implementing optimal restoration techniques
(Layton and others, 2020; Campbell and others, 2014).

Assisted recovery approaches are typically resource intensive. Stgttrup and others, (2017)
identified best practice around boulder reef restoration. Best practice tasks with some adaptations
and additions are shown in Table 4. Many of these tasks are common to most marine subtidal
restoration projects and, given the number and variety, indicate why assisted recovery approaches
are resource intensive. Many costings available do not include all these stages, particularly the
capital costs around restoration planning and sourcing of information.

For projects that require transplanting individuals (for example seagrass) or labour intensive
practices such as hand removal of predators) labour costs are a large part of the overall project
costs. Hence, community or volunteer based marine restoration projects usually have lower costs.

Table 4. Tasks required for best practice assisted recovery projects

Project stage Task description

Capital costs Public Involvement. Map stakeholders (for example, benefit, affected,
manage, interest). Gather local knowledge and information about local
interest in the area (for example, harbours) and activities that may need
to be managed, cultural heritage in the vicinity

Capital costs Identify and source scientific inputs needed
Capital costs Identify activities needed to assist recovery
Capital costs Identify and obtain information needed. For example, assess feasibility.

Information about local hydrodynamics, sediment transport, ecology and
biology, other protected areas in the vicinity and possible impacts

Capital costs Define objectives: biological or ecological (for example, biodiversity
baselines, specific biogenic habitats)

Capital costs Alleviate existing pressures

Capital costs Assess risks, for example disease prevalence, presence of or risk of
introducing invasive non-native species

Capital costs Design restoration, for example, size, extent, seasonal effects, design
and materials
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Project stage Task description

Capital costs Prepare a management plan

Capital costs Obtain permits or licences for feasibility studies, implementation and
monitoring

Operation costs Communication with stakeholders to minimize problems

Operation costs Manage risks for example mark working areas with buoys, manage

biosecurity to limit introduction or spread if invasive non-native species

Operation costs Obtain and deploy required materials for example: oyster nurseries, spat
collection, seed collection, other broodstock, boulders, reef materials

Maintenance costs | Decide which activities to allow, to what degree and how to manage
these activities (tourist, fishery, diving, navigation, etc).

Maintenance costs | Monitor against baselines and objectives

Maintenance costs | Protection of site, for example from unlicensed fisheries, poaching

Assessing assisted recovery costs

Bayraktarov and others (2016) categorised groups of costs for various marine habitat restoration
projects including planning, land acquisition, construction, financing, maintenance, monitoring and
equipment repair and replacement as factors which affect the cost, feasibility and likelihood of
success of marine restoration. They synthesized 235 studies with 954 observations from
restoration or rehabilitation projects of coral reefs, seagrass, mangroves, salt-marshes, and oyster
reefs worldwide, and evaluated cost, survival of restored organisms, project duration, area, and
techniques applied. The majority of restoration projects were short-lived and seldom reported
monitoring costs. Restoration success depended primarily on the ecosystem, site selection, and
techniques applied rather than on money spent. Findings showed that while the median and
average reported costs for restoration of one hectare of marine coastal habitat were around US
$80,000 (2010, £59,600) and US$1 600, 000 (2010, £ 443,745), respectively, the real total costs
(median) are likely to be two to four times higher.

For this project, cost assessments have been divided, where possible into capital costs (cost for
planning, purchasing, construction, and financing) and operation and maintenance costs. While
there are many gaps in the evidence, available information is supplied in Appendices 3-11).

Information on specific costs for assisted recovery options are provided below in Table 5. These
have been taken from a wide range of sources and converted to GBP as detailed in the table.
Identifying costs was challenging as these tend not to be reported or, if reported, are not broken
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down to tasks. Restoration costs per hectare varied between £10,600 for dredging of subtidal
sands and gravels to just over £1.5 million for total project costs for boulder restoration.

Table 5. Restoration project costs. See appendices for further information. All costs were
rounded to nearest £100. Further details are provided in Appendices 3-11. Spatial and
temporal scale refers to project spatial scales (Not applicable where mean costs from a

range of projects are reported). Costs were standardised to hectares (ha).

Technique Spatial scale* | Temporal Costs £/ha Reference and
‘ scale notes

Renville bay Galway | 0.642/ha First year costs | £323,400 Hynes and
Oyster reef (Cost others 2022,
for first year costs in Euros
including materials, (conversion to
staff etc) 2022, GBP)
Shell seeding for 0.34km? One-off initial £154,400 Hynes and
sediment cost others 2022 from
restoration (based Essex Native
on materials only) Oyster Initiative
Sand and gravel 0.34km? One-off initial £10,600 Cooper and
restoration: cost others 2013.
Dredging (including Costs converted
licensing, baseline to 2022 value
and post (see Proforma 1)
restoration surveys)
Sand and gravel 0.34km? One-off initial £26,500 Cooper and
restoration: cost others 2013.
Capping gravel Costs converted
seeding) (including to 2022 value
licensing, baseline (see Appendix 3)
and post
restoration surveys)
Sand and gravel 0.34km? One-off initial £11,200 Cooper and
restoration: Bed cost others 2013.
levelling (including Costs converted
licensing, baseline to 2022 value
and post (see Appendix 3)
restoration surveys)
Boulder restoration | 27,600m? Total project £1,546,500 Based on online

(2.6ha) costs LIFE funding

website, total
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Technique Spatial scale* | Temporal Costs £/ha Reference and
scale notes
cost of
€4,808,398.
Kelp restoration- Not applicable Not applicable | ~£285,700- Eger and others
seeding £904,100 (2021) ($/ha) see
Appendix 10.
Kelp restoration Not applicable Not applicable |£367,900- Eger and others

transplantation

£918,000/ha

2021;
Groeneveld and
others, 2019),
see Appendix 10

Green gravel Not applicable Not applicable |£53,635 Fredriksen and
others, 2021

Seagrass (Dale, 2 hectares Not reported £200,000 Cited from Kent

Pembroke) (20,000m?) and others, 2021

excluding

monitoring (hessian

bags)

Seagrass (Sweden) | Not reported 10-year cost £105,000- Moksnes and

shoot 220,000 others, 2021,

transplantation
including site
selection and
evaluation,
harvesting, planting
and monitoring.

cited from Kent
and others,
2021. Not
converted.

Seagrass (Sweden)
shoot
transplantation
including site
selection and
evaluation,
harvesting, planting
and monitoring.

Not reported

10-year cost

£218,692 - £633,
065

Moksnes and
others, 2021,
cited from Kent
and others,
2021. Not
converted.

Seagrass
(developed) Capital
and operating

Not applicable

Not applicable

£516,809

Bayraktarov and
others 2016.
Converted to
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Technique Spatial scale* | Temporal Costs £/ha Reference and

scale notes

GBP and to 2022
prices

***QOyster reef Not applicable Not applicable | £634,860 Bayraktarov and
(developed) Capital others 2016.

and operating Converted to
GBP and to 2022
prices

Benefits of assisted recovery

The value of restored ecosystem services has been used to assess the benefits from assisted
recovery (Basconi and others, 2020). While ecosystem services, goods and benefits are frequently
alluded to in reports on assisted recovery, valuing these is more challenging and limited examples
were found.

Eger and others (2021) valued the ecosystem services of four major kelp genera (including
Laminaria) at around $135,200 to $177,100 ha/year (approximately £103,200 to £135,200). The
value the habitat provides could potentially offset the costs of kelp restoration within 2-7 years.
Restoration of kelp habitats also produces socio-economic benefits through the possible revival of
related industries such as fisheries (Claisse and others, 2013; Bertocci and others, 2015).

There can also be social benefits from restoration, including job creation (Edwards and others
2013), increased community engagement, and educational opportunities. Seagrass habitats
provide examples of community engagement and citizen science with projects using volunteer
snorkelers to collect seeds and volunteers, including school children, to fill bags for reseeding. UK
projects have involved extensive work with local stakeholders and communities, who help choose
the exact location of planting, to ensure that schemes are widely supported and have a positive
benefit (Jones and others, 2018).

Cost-benefit analysis

Providing cost benefit analyses for assisted recovery vs. natural recovery is challenging due to the
lack of published costings for assisted recovery and limited assessments of benefits (Danovaro
and others, 2021). Examples of cost-benefit analyses were found in the literature but these were
limited in extent, detail or application to the scope of this study (English subtidal habitats). In
general marine ecosystems supply high-levels of ecosystem services but due to the high costs of
marine restoration, the ratio of cost to benefit for marine habitats is typically lower when compared
to terrestrial approaches (de Groot and others, 2013). However, Stewart-Sinclair and others
(2020), found that benefit values (estimated as the monetary value provided by ecosystem
services of the restored habitats) outweighed costs for restoration for mangrove, saltmarsh and
coral reef habitats. The cost-benefit ratio of assisted recovery is likely to improve further as
assisted recovery options increase in spatial scale and reduction of costs.
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Economic analysis of the costs and benefits of oyster restoration in North Carolina, USA, produced
expected benefits ranging from $2 to $12 for every dollar invested in terms of enhanced
recreational fishing, improved water quality, and commercial fishing (Callihan and others, 2016).
While Eger and others, (2021) found that the benefits provided by kelp habitat could potentially
offset the costs of kelp restoration within 2-7 years.

The cost-benefit of possible techniques to restore the physical properties of the seabed following
aggregate dredging and their likelihood of success was assessed by Cooper and others (2013). As
part of this analysis, the ecosystem service benefits of sands and gravels were valued at an
impacted (dredge site) and an unimpacted reference site. The value of carbon sequestration
ranged from £58.50 to £148.29 per km? to £6.79 to £46.30 per km?. The value at the non-impacted
(reference) site ranged between £81.13 and £186.69 per km?. An analysis of the ecosystem
services and goods/benefits produced by the site was used to determine whether intervention was
justified and it was concluded that for this site the costs outweighed the benefits.

Hynes and others (2022) estimated the cost and benefit values associated with a coastal walking
trail in Western Ireland and its protection from climate related events using either hard engineering
solutions or through the restoration of a protective oyster reef bar. After calculating the annual
recreational benefit value associated with the coastal walking trail and the costs of the alternative
approaches to its protection from storm surges, a cost—benefit analysis was carried out with
projects over a 20 year time period. The annual net recreational benefit was valued at €642,063
(approximately £54,000). The initial capital cost for the estimated 1070 m of coastal protection was
estimated as between €1,092,763 and €12,369,618 (£916,691 and£10,376,561) for permeable
rock revetment or impermeable seawalls. The total first year cost of establishing the reef was
€259,796 (£217,936). The oyster reef nature based solution had the lowest cost and was therefore
the more attractive option from an economic perspective. The paper did not assess the value of
other ecosystem services or goods and benefits provided by the reef and the benefits considered
from both the engineered and the oyster reef options —coastal protection- were the same.

Risks, challenges and uncertainties

A number of risks, challenges and uncertainties have been identified for the assisted recovery
approaches in the Appendices (3-11). Some commonalities are apparent and are outlined below.

Risks

Assisted recovery approaches may impact donor populations (where stock or transplants are
obtained, for example seagrass). Consideration should also be given to habitats and species that
occur at sites where recovery projects are planned. Restoration activities should be carefully
evaluated where they may impact other species or habitats of socio-economic value or
conservation importance. Such assessments, licensing and permitting form part of project costs.

Biosecurity risks around introduction or spread of pathogens and invasive non-native species are
important for a range of projects that involve the movement of stock (transplantation and
translocation) or infrastructure such as artificial beds or that involve vessels. If a restoration site
has high impact Invasive Non-Native Species (INNS) present, it is crucial that the local prevalence
and impacts on features are understood at the stage of site assessment. Non-native species, even
if they are not high impact and invasive, may still need to be considered in project planning and
biosecurity measures. The risk of potential spread of such species, for example through the
movement of equipment, should be managed (Zu Ermgassen and others, 2020).
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The creation of permanent or temporary infrastructure at sea will affect activities and other users
and may impact safety. Examples include concerns that boulder deposits in shallow areas may
impede shipping by lowering depth (Stettrup and others, 2017, see Appendix 5). Where possible,
practitioners should seek to mitigate risks at the site selection stage. A full risk assessment of
potential safety concerns should be undertaken, and consideration should be given as to whether
the location of the proposed restoration can be altered to mitigate any identified risks.

Challenges

Restoration projects should include costed stages that assess site suitability to ensure local
conditions will not inhibit recovery even if initial assessments indicate suitability. This should
involve reviewing historic data, making use of habitat suitability models, and monitoring physical
and biological parameters in the area that has been selected (Kent and others, 2021).

A key challenge for assisted recovery approaches is the establishment of eco-engineering species.
Where these are established they provide positive feedbacks that encourage recruitment and
maintain populations. Biogenic habitat forming species such as kelp, seagrass and bivalves,
stabilize and trap sediments and dampen wave energy facilitating retention of larvae and juveniles.
Where these are lost, translocated individuals are typically either too small, too sparse or too
unstable to modify their environment and establish such self-facilitating feedbacks. These
limitations may be addressed by:

¢ Reducing environmental stressors
e Removing or excluding predators
e Planting density

e Selection of optimal habitats

Uncertainties

The scale of assisted recovery projects has been limited by costs and feasibility of techniques.
There are key uncertainties around the costs, scalability and success of approaches as outlined in
Appendices 4-11.

Collaboration and stakeholder participation is critical to
the success of assisted recovery projects

The success of restoration projects has been strongly linked to Interdisciplinary and inter-
organizational collaboration (Saunders and others, 2020). Strong local involvement and support
from the local community is known to be a key factor contributing to marine conservation success
(Saunders and others, 2020). The governance perspective includes understanding the interactions
and interdependencies of multiple authorities and competing maritime activities (with different
economic, political, social, and cultural interests), all of which operate at different governance
levels, ranging from sub-national (coastal governments) to the international arena (Ounanian and
others, 2018). Commitment of funding and time contributes to long-term monitoring and
management, with substantial levels of government funding in particular associated with marine
restoration success (Saunders and others, 2020).

Stakeholder participation allows all partners to actively participate in the process of developing
plans and projects, including policy options, before decisions are made. Stakeholder engagement
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is more likely to be required for inshore areas where multiple activities occur and where there may
be a range of interested parties (recreation, commercial, management, scientific, natural history
etc. Assisted recovery projects may benefit from engaging stakeholders in the following ways:

1) obtain local knowledge that improves the project design;

2) support for on-going management, voluntary codes, access agreements;

3) obtain stakeholder support for field work or data collection (i.e. citizen science); and

4) stakeholders may gain ownership of the project, ensuring the long-term viability of the
restored area.

For example, an advisory board was established for the Kattegat boulder restoration project
(Stettrup and others, 2017) with representatives of regional and local environmental management
and NGO organizations dealing with fishery, nature protection, diving, tourism and yachting. Apart
from the advisory board meetings, public meetings took place to support dialog with the local
community. At the meetings, the public were informed about the planning, progress and the results
of the project.
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Objective 5 Decision support framework

Examples of previous approaches were identified to support the development of a decision making
framework around restoration. The sources considered included general references on marine
spatial planning with regard to restoration (assisted recovery). These identified a number of
commonalities around projects. The list below is not exhaustive but common factors include:

¢ the need to determine impact to identify the nature, degree, and extent of any injuries to
natural resources and services; successful projects consider the specific environmental and
ecological context of the restoration site to address the specific conditions that have led to
degradation (Saunders and others, 2020);

o the need to alleviate existing pressures that are causing impacts or preventing recovery;

¢ the need to identify baselines against which to reference recovery or the recovered end
state for example, the recovered reference range (Mazik and others 2015);

¢ the need to identify goals for restoration projects;

¢ the requirement to identify natural recovery potential and assisted recovery approaches;

o that restoration should target areas in which its feasibility has been assessed (for example,
through ecological modelling) and especially where the environmental conditions are
suitable for the survival of the target species;

e spatial and temporal scale and sufficient connectivity to source populations should be
considered (Saunders and others, 2020);

¢ restoration approach effects on existing habitats should be considered and future
environmental changes should be evaluated, including continued persistence of restored
marine habitats subject to climate change (Saunders and others, 2020);

e being positioned to respond quickly to unforeseen events that may prevent the
achievement of restoration goals (Saunders and others, 2020);

e monitoring should be in place to evaluate recovery and progress towards a recovered state,

e recovery can be very slow in long-lived, late maturing low fecundity species, so it is
necessary to consider appropriate timescales to assess the effects of restoration (Thom
and Weliman, 1996). and

¢ engagement with stakeholders, community involvement, funding and governance.

Decision making frameworks

The range of considerations that restoration projects should consider are diverse, as listed above.
Decision making frameworks and tools are important to provide guidance, particularly when
considering multiple habitats and/or options.

Saunders and others (2010) developed a framework for decision making around aggregate site
restoration that includes the following components. The specific steps in the framework were:

e Step 1: Identifying the need for restoration measures;

e Step 2: Identifying the baseline;

e Step 3: Identifying and screening potential restoration options;

e Step 4: Assessing the positive and negative impacts of restoration options;
e Step 5: Identifying which restoration options are required.

An example of a detailed framework for identifying the potential recovery for MPA features was
developed for NatureScot by Mazik and others (2015). The framework components are considered
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here in terms of assessing recovery potential as part of a decision making framework. The
questions they identified around the decision making process were:

¢ What is the recovery objective — what is the recovered state trying to be achieved?

¢ What management actions are required during and after recovery?

e What is the underlying cause of decline of a species, community, or habitat?

e To what spatial scale does the recovery objective apply?

e What environmental and ecological conditions are required for a species or habitat to
recover?

e What factors are restricting or stopping recovery from occurring?

o What is the cost-effectiveness of recovery balancing the management measures and the
resultant ecological structure and function?

The above frameworks were used as the basis for the development of generic high-level
considerations regarding recovery potential as well as the specific considerations for individual
features that follow.

Suggested framework for decision making:

Many of the decisions around restoration projects and the specific actions to be undertaken are
site-specific and cannot be accounted for in a generic framework. However Step 3 and Step 4 of
the aggregate restoration framework are more general and similar to Stage 4 and Stage 5 of the
framework developed by Mazik and others (2015).

We suggest that the framework to support advice and management options for Natural England
should be part of a more generalized decision making workflow outlined below (see Figure 1).
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Step 1: Identification of impacts
Have habitats or habitat components
been significantly impacted? Have the
activities that led to the pressure and
impacts stopped or can the activities

be removed or mitigated>

No

\ A

No action required

+ Yes

Step 2: Determine Natural Recovery
potential. Are there habitat No
components that are unlikely to
recover naturally or is recovery likely
to be prolonged

No action required

v

Yes

v

Step 3: Are assisted recovery options No
suitable and is assisted recovery more
rapid than natural recovery

\ A

No action required

Yes

v

Step 4: Consider assisted recovery
option: feasibility, benefits, cost and
risks, uncertainties and challenges.

1

Step 5: Option selection:
Project planning, implementation and
monitoring

Figure 1 Outline decision making flowchart illustrating key steps to assessing natural
recovery potential vs assisted recover options.

Step 1: Identification of impacts (site-specific)

Have habitats or habitat components been significantly impacted? This question requires
knowledge of a baseline, that is, the state or condition of the habitat (or habitat feature) prior to
impact. Stage 1 of Mazik and others (2015) provide examples of detailed information capture
regarding impacts on features and Saunders and others (2010) provides examples of assessing
ecosystem structure and function that could be adapted. A key question is whether the pressures
that cause these impacts can be removed or mitigated (See Objective 3 for examples of mitigation
options). If it is not possible to remove impacting activities that are on-going or to provide mitigation
then the impacts will continue and natural recovery or active recovery will be prevented.

Step 2: Determine natural recovery potential.

Objective 2 provides an overview of recovery potential, however this will be mediated by site-
specific factors such as patch-size, connectivity to source populations, presence of suitable habitat
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etc., so this consideration is partially site specific. Step 2 should identify the natural recovery
potential and identify slower recovering components or those components that are not expected to
recover without intervention. Additional information added to the MarLIN assessment includes
information on reproductive mechanisms, dispersal potential, lifespan and generation time. This
information is sourced from the traits database BIOTIC' and is not available for every species.

Step 3: Are assisted recovery options suitable and is assisted recovery
more rapid than natural recovery?

Objective 3 identifies assisted recovery options with more details provided in Appendices 3-11 for
each restoration technique. Based on the identification of impacts in Step 1 and Step 2, assisted
recovery options that address these singly or in combination, for example changes to hydrology,
sediment, water quality and recovery of species or species assemblages should be identified.

Step 4: Consider assisted recovery option- feasibility, benefits, costs
and risks

Detailed consideration should be given to feasibility, costs and benefits and any risks uncertainties
and challenges identified in the Appendices produced for Objective 4. Feasibility, benefits and
costs can be scored-as shown below; feasibility (Table 6), cost (Table 7) and benefits (Table 8).
Risks, uncertainties and challenges should be considered based on the Proformas provided. The
assessment of ecosystem services is based on reported assessments by Potts and others (2014).
These assessments score the provision of ecosystem service and confidence in that provision for
supporting service.

Table 6. Step 4 Feasibility of approach categories

Category Description

None No approaches identified for slow recovering
components.
Low Proposed assisted recovery approaches are

experimental in approach. The literature
available to support approach and success is
limited or success rates are either low or have
not been reported.

Moderate Approach has been trialled at more than one
site, the approach is relatively well understood
and successful and supported by case studies.

" BIOTIC (Biological Traits Information Catalogue — www.marlin.ac.uk/biotic
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Description

High Well-studied and applied approach. Factors
underpinning success and failure and methods
are understood, restorations effort are typically

successful.

Table 7. Costs associated with assisted recovery

Costs- Maintenance/ha

Costs-Capital/ha

Costs-Operation/ha

None None None

Low (<£25,000/ha)

Low (<£25,000)

Low (<£25,000)

Moderate (<100,00/ha)

Moderate (<£250,000)

Moderate (<£50,000)

High (>£100,00/ha)

High (>£250,00/ha)

High (>£50,00/ha)

Table 8. Ecosystem services assessed by Potts and others (2014)

Supporting
services

Primary
production

Larval / Gamete
supply

Nutrient cycling
Water cycling

Formation of
species habitat

Formation of
physical barriers

Formation of
seascape

Regulating
services

Biological control

Natural hazard
regulation

Regulation of
water and
sediment quality

Carbon
sequestration

Goods and
benefits from

provisioning
services

Food
Fish feed
Fertiliser

Ornaments (incl.
aquaria)

Medicine and blue
biotechnology

Goods and Goods and
Benefits from Benefits from
Regulating Cultural
services services
Healthy climate Tourism /
Nature
Prevention of watching
coastal erosion
Spiritual /
Sea defence Cultural
wellbeing
Clean water and
sediments Aesthetic
benefits
Imobilisation of
pollutants Education
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Step 5: Option selection: Project planning, implementation and
monitoring (site-specific)

To establish if ecosystem restoration is possible within the desired location(s), this step requires
further detailed feasibility studies, site selection processes and the determination of any significant
ecological, logistical, legislative or financial barriers to restoration.

Areas selected for restoration techniques that require direct intervention and monitoring must be
accessible at important times and at regular intervals throughout the year to conduct maintenance
and monitoring activities (if required). Travel time, staff safety, water depth, wave height and storm
frequency may all be factors which affect site accessibility both inshore and offshore, as well as the
associated costs of access and monitoring.

Applying Steps 2-4 of the Framework to the UK Marine
Habitat Classification

The framework was applied to the UK Marine Habitat Classification (UK MHC). The results are
provided in the Objective 5 Excel spreadsheet. Each UK MHC/EUNIS record was assessed
against recovery (Objective 2), recovery options for each habitat with recovery potential >2 years
(Objective 3) and the feasibility, costs and benefits (based on ecosystem services). The section
below explains the steps undertaken.

Habitats that were excluded from the framework application.

Habitats that were not recorded in English inshore and offshore waters were excluded. Examples
include:

e A3.114 Sparse Laminaria hyperborea and dense Paracentrotus lividus on exposed
infralittoral limestone and

e A4.113 Mixed turf of hydroids and large ascidians with Swiftia pallida and Caryophyllia
smithii on weakly tide-swept circalittoral rock.

Biotopes that recover rapidly (within 2 years) were not included in the assessment framework. For
rock habitats, abrasion represents a high level of disturbance to the mainly epifaunal communities
that characterize these habitats. For the infaunal assemblages of soft sediment habitats, abrasion
on the surface may not cause significant disturbance. Therefore, for all sedimentary habitats the
recovery times to penetration and extraction pressures were also considered to indicate natural
recovery times. Therefore, for all rock habitats, no EUNIS records at Level 3, 4 or 5 with high
recovery to abrasion were considered in the framework. For sedimentary habitats, the
assessments for penetration and extraction were considered when deciding if high natural
recovery rates were considered appropriate. The records excluded from further assessment based
on high natural recovery are labelled within the assessment framework cells as, ‘Not assessed:
high recovery’.

Habitats at EUNIS Level 2 and EUNIS Level 6 were not included in the assessment as these were
considered too broad (Level 2) or too detailed and to replicate information at EUNIS Level 4 or 5
(for EUNIS Level 6). Level 6 biotopes were checked for recovery times that differ from the Level 5
or 6 records as these are based on distinct species or habitats that could be included in the
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framework. Examples of these include the slow recovery soft rock biotope ‘A3.2113 Laminaria
digitata and piddocks on sublittoral fringe soft rock’.

Habitats characterized by invasive non-native species were not considered candidates for assisted
recovery and were assessed as ‘Not assessed; habitat recovery high and characterized by
invasive non-native species’. Habitats within this category are:

e A3.15 Sargassum muticum on shallow slightly tide-swept infralittoral mixed substrata, and
o Ab5.422 Crepidula fornicata and Mediomastus fragilis in variable salinity infralittoral mixed
sediment

Artificial habitats, such as A4.72 Circalittoral fouling faunal communities, were also excluded.
These were labeled as ‘Not assessed: artificial'.

Applying Step 2 Determine natural recovery potential

Natural recovery potential was identified as outlined in Objective 2. For each EUNIS record,
recovery was scored, typically based on MarLIN abrasion scores. When the physical habitat has
been removed for rock and stone reefs and sediments recovery is typically prolonged and depends
on sediment/rock supply (for example boulder movement by storms). Natural recovery of mobile
and non-mobile sediments was assessed as very low. Habitat recovery was typically presented in
the table at EUNIS level 4, while EUNIS level 5 records were completed to show recovery of the
biological assemblage.

Applying Step 3

Assisted recovery options may still require time for population recovery to a typical age structure
and therefore, the assisted recovery timescales presented in the Objective 5 Excel spreadsheet
are generally the same as the natural recovery potential. Given the high costs and resources
required for assisted recovery options it is likely these would only be considered where pressures
have been removed but populations are unlikely to recover naturally due to loss of connectivity,
changes in habitat conditions (for example, negative feedbacks).

Applying Step 4 Feasibility

Feasibility of restoration options was assessed using the categories in Table 6 above. Assisted
recovery approaches to support habitat recovery and repopulate species have been largely
experimental and small-scale. Hence, for most approaches, feasibility was assessed as low. The
exception was restoration of reef habitats as this practice has been widely undertaken in the
marine environment although usually around creating infrastructure.

Applying Step 4 Costs

The costs presented in Table 9 were used to assign the costings to support the feasibility
assessments presented in the Objective 5 Excel spreadsheet. For all approaches there are
uncertainties around the applicability and consistency of costings across approaches and the
scaling to hectares (see discussion). The costings should therefore be treated cautiously. Where
there was no evidence, characteristics of the approach were used to assign a cost category as
outlined in Table 6 (above).
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Table 9. Where cost information was unavailable the following approach characteristics
were used to guide costings to support feasibility assessments.

Costs Capital Operation Maintenance
None No examples No examples Operation involves a
single action with no on-
going maintenance
required
Low Approaches that are Approaches that require | Likely for offshore
offshore standard offshore standard standard operations,
operations, requiring no | operations, requiring no | requiring no
infrastructure or living infrastructure or living infrastructure or living
material and less likely material and one-off material and one-off
to require thorough interventions e.g. bed interventions e.g. bed
feasibility studies levelling levelling
Moderate | Approaches that are Approaches that require | Likely to require some
inshore operations, that | relatively simple maintenance or
involve living material operations without monitoring to support
and hence feasibility complex infrastructure, recovery, for example,
studies, licensing and labour intensive actions | predator/grazer or
biosecurity and that are relatively competitor removal.
short-term
High Approaches that require | Approaches that require | Likely to require on-
permanent or complex complex operations with | going intensive
infrastructure, hatcheries | complex infrastructure or | maintenance to support
and/or likely to require support from hatcheries, | recovery.
extensive consultation, labour intensive actions
planning or where and that are relatively
extensive or complex long-term. For example
feasibility testing is hand transplanting vs
required broadcast seeding.

Step 4 Assessing Benefits

The Objective 5 Excel spreadsheet provides the ecosystem service and goods and benefits

scoring associated with habitats from Potts and others (2014). To provide an overview and prevent
double counting between services and associate goods and benefits, just the goods and benefits
scores were summed and presented in the final column of the table. These scores provide a high-
level summary indication of the level of benefits but are not economic values. Benefits were scored
as Low (=10), moderate (11-19) and High (>20).
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Results summary

The table below (Table 10) presents an overview of the feasibility, costs and benefits of recovered
habitats for each assessed approach, while the Objective 5 Excel spreadsheet provides an audit of
scores. The results indicate that across approaches feasibility is low, costs for approaches to
assist recovery of species populations are high but that benefits are also high (in the form of goods
and benefits delivered by the recovered habitat). The eco-engineering approaches for sands and
gravels are cheaper but these habitats deliver fewer benefits.

Marine assisted recovery options focussed on species are expensive and labour intensive
although approaches are being developed such as the hessian bag planting method for seagrass
seeds and the green gravel approach for kelps, that are lower in cost and scaleable to larger
areas. Nevertheless, for most marine species, including larger burrowing infauna (holothurians,
large polychaetes) and epifaunal species such as seapens and faunal communities of rock no
options are available to support recovery. It is therefore likely that in most cases removal of
pressures to support the recovery of degraded habitats and management and conservation of
remaining habitats will be prioritised over assisted recovery.

Where pressures are alleviated, assisted recovery is unlikely to be required for habitats with
medium-high recovery which are widely distributed, well connected through larval dispersal and
characterised by species with short-to- medium longevity. Such habitats are likely to recover
rapidly from disturbances where habitat conditions support this. Active recovery is not cost
effective for habitats with common species that are likely to recover rapidly (depending on larval
supply, connectivity and maintenance of habitats) and that in addition have lower value in terms of
ecosystem function, ecosystem services and goods and benefits. Examples of such taxa include
crustaceans such as barnacles, amphipods, especially those that occur in disturbed habitats for
example, mobile amphipods and small bivalves and gastropods.

Table 10. Assessment of feasibility, costs and benefits from the assessed approaches.
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Dredging Low Low Low None Low

Bed levelling | Low Low Low None Low

Maerl Low Low Low None High
translocation

Kelp- Low Moderate Moderate No evidence | High
transplanting

Kelp-seeding | Low Moderate Moderate No evidence | High

Kelp-green Low Moderate Moderate No evidence | High
gravel

Blue mussel | Low Low Low Moderate High
artificial
substrate

Blue mussel | Low Low Low Moderate High
relaying

Seagrass Low Moderate Moderate Low High
seed
restoration
(hessian
bags) and
shoot
transplant

Native oyster | Moderate Moderate Moderate High High
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Discussion

Summary of findings

Objective 1: Defining Recovery

The first objective of the project was to review and define recovery. This project uses the terms
natural or passive recovery to describe the potential of a habitat and/or species assemblage to
move towards a recovered state following the removal of pressures Active or assisted recovery,
refers to the application of interventions or measures to initiate or maintain recovery towards but
not necessarily to complete the transition to a recovered state. The inherent ability of impacted
communities to recover following the removal of pressures is referred to as recovery potential.
However, it is recognised that for marine habitats, determining an unimpacted state against which
to measure recovery trajectory and the recovered end point may be limited by evidence. Despite
this there is clear evidence for some locations and habitats of impacts to condition and for the loss
of habitats. This is particularly apparent for biogenic habitats (oyster reefs, and seagrasses) where
there have been extensive historic losses resulting in bare, unvegetated sediments.

Objective 2: Subtidal habitats and species recovery potential

The natural recovery potential of habitats and associated species assemblages was assessed,
using the MarLIN reported recovery rates to abrasion. Habitats and species with the lowest natural
recovery potential either occur on soft rock or in seeps and vent habitats where the habitat is not
predicted to recover from physical impacts, or are biogenic habitats formed by slow-growing
species such as maerl, horse mussels, cold-water coral reefs and Serpula vermicularis reefs. Slow
or very slow recovering species within habitats that determine the recovery potential include long-
lived slow growing Axinellid sponges, sea pens and anthozoans. Conversely, habitats that recover
more rapidly are mobile sands, typical of high energy environments or other disturbed
environments that are characterised by small, fast-growing, short-lived species. Mixed and muddy
sediments, more stable sands and gravels and biogenic habitats characterised by faster growing
species (seagrasses and kelps) are generally considered to have medium recovery potential.

Objective 3: Assisted recovery options

Habitat restoration encompasses a broad range of activities, emphasizing very different issues,
goals, and approaches depending on the operational definition of ‘restoration’. Building in
mitigation measures to project designs is a precursor step to assist recovery by reducing the level
of impact. Steps to assist recovery of natural habitats through mitigation management of pressures
and coastal restoration measures have been widely implemented in the UK.

Passive recovery (removal of pressures) is required to support natural and assisted recovery. This
is more difficult for pressures which are long-lived, including contamination, habitat change and the
introduction of invasive non-native species. Pressures that have caused changes in habitat
conditions (for example substratum change from sediment disturbance due to winnowing of fine
sediments from fishing or removal on coarse fraction through aggregate extraction are also likely to
lead to long-term effects in stable areas with low levels of hydrodynamic action or sediment
budgets to support recovery.
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Options to assist recovery were reviewed for habitats that are likely to recover more slowly,
(recovery is assessed as Medium, Low or Very Low, based on the MarLIN categories).
Approaches can be divided into eco-engineering options that improve physico-chemical factors
and processes (including sediments, water quality and quantity) and those that engineer the
ecology, by replanting or restocking species.

Eco-engineering approaches to restore the physical substratum include the use of natural rock
blocks and boulders and the use of sediment capping, gravel and shell seeding can restore
sedimentary habitats to previous conditions. Artificial reefs have been widely used in the marine
environment, this approach may restore species assemblages but the physical habitat would differ
from a natural rock habitat and this approach was not considered to restore natural rock habitats.

Assisted recovery options to restore species populations by restocking or transplanting have
focussed on species that are described as ecological engineers that create biogenic habitats,
these include seagrasses, kelps and bivalves (oysters and mussels).

There is some overlap between eco-engineering approaches and ecological approaches and both
may be required to assist recovery. For example, sediment capping with clean sands and
transplantation of seagrass have been proposed to restore organically enriched estuarine areas
(Oncken and others, 2022).

Assisted recovery options may still require time for population recovery to a typical age structure
and therefore, the assisted recovery timescales are generally the same as the natural recovery
potential.

For most of the assessed EUNIS Level 4 habitats, no approaches were found to assist recovery of
habitats and species assemblages. This agrees with previous work by Geist and Hawkins (2016)
that recovery options in open marine systems are largely limited to managing human impacts in
order to support natural recovery.

Objective 4: Assisted recovery costs, benefits, risks, challenges and
uncertainties

For each approach, information on feasibility is provided in the appendices. Most approaches to
assist recovery of marine species can still be regarded as under development in terms of
application to English subtidal marine habitats. Application of most approaches is largely
experimental and small-scale although seagrass and oyster restoration projects are beginning to
be implemented in larger areas. As knowledge and experience of overcoming limiting factors and
experience increases, assisted recovery feasibility is likely to improve.

A key challenge for assisted recovery approaches is the establishment of eco-engineering species.
Where these are established they provide positive feedbacks that encourage recruitment and
maintain populations. Biogenic habitat forming species such as kelp, seagrass and bivalves,
stabilize and trap sediments and dampen wave energy facilitating retention of larvae and juveniles.
Where these are lost, translocated individuals are typically either too small, too sparse or too
unstable to modify their environment and establish such self-facilitating feedbacks.

Assisted recovery project typically are complex, resource intensive and have high costs. Cost-
effective approaches that can be used over wider areas are being trialled, such as green gravel for
kelps and seed bags for seagrass. As population size increases, connectivity between populations
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should support greater resilience. Studies found that while assisted recovery for sands and gravels
which produce low levels of ecosystems services are not cost-effective, assisted recovery that
provides high value services such as coastal protection or for habitats that provide high levels of
ecosystem services or goods and benefits are likely to have more favourable cost-benefit ratios.

A number of risks are associated with assisted recovery. Approaches may impact donor
populations (where stock or transplants are obtained, for example seagrass) and impact habitats
and species within the footprint of the recovery project. Biosecurity risks around introduction or
spread of pathogens and invasive non-native species are important for a range of projects that
involve the movement of stock (transplantation and translocation) or infrastructure such as artificial
beds. The creation of permanent or temporary infrastructure at sea will affect activities and other
users and may impact safety.

Objective 5: Decision support framework

Many of the decisions around restoration projects and the specific actions to be undertaken are
site-specific and cannot be accounted for in a generic framework. Nevertheless, we developed a
five step framework to support advice and management options for Natural England that could
support decision making workflows. The outputs of this assessment are provided in the Objective 5
Excel spreadsheet. Habitats within the UK Marine Habitat Classification that occur in inshore and
offshore regions of England were assessed for natural recovery potential, relevant assisted
recovery options and the feasibility, costs and benefits scored.

Given the low feasibility (see below), high costs and resources required for assisted recovery
options, it is likely these would only be considered where pressures have been removed but
populations are unlikely to recover naturally due to loss of connectivity and changes in habitat
conditions (for example, negative feedbacks).

Limitations and uncertainties
Feasibility of approaches

Although the body of evidence and projects to support understanding is rapidly growing, feasible
approaches for most habitats and species are not available or well-established. Application of
assisted recovery over larger areas to improve ecology has not been carried out in the UK
previously and most approaches should be considered as largely experimental and subject only to
small scale trials. For all approaches, methodology and site selection are key to the feasibility of
assisted recovery, this aspect may be resource intensive requiring physical investigations,
modelling and monitoring of physico-chemical parameters, site ecology and the presence of risks
such as invasive species. Any significant ecological, logistical, accessibility, legislative or financial
barriers to the approach should be identified.

A key limitation for feasibility is the spatial scale of approaches. Recovery on small scales does not
overcome negative feedbacks or support connectivity and the maintenance of self-sustaining,
resilient populations but the costs and methodologies currently mean large-scale restoration is
unfeasible for most habitats that have historically declined (such as oyster and seagrass beds).

Costs
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Estimating costs is difficult, given that few authors have reported cost data to date. Of the costing
exercises which have been carried out, the breakdown of costs has been inconsistently reported
(Bayraktarov and others, 2016), limiting the scope for decision making on whether, what, how,
where, and how much to restore. Costings are typically incomplete as they rarely include the
following:

e investigation of impacts and managing or removing pressures to support recovery,

e research necessary to underpin decisions such as choice of appropriate techniques,

e selection of donor and restoration sites, and restoration landscape strategies (e.g. patch
size)

e obtaining necessary licences, permits and liaising with stakeholders

e costs of non-consumable laboratory equipment (e.g. stereomicroscopes or diving materials)
needed for these restoration projects are not included in estimates as pre-existing facilities
are usually utilised

e costs associated with monitoring and maintenance

There is, therefore, a great deal of uncertainty in assessing costs and portioning these between
capital, operational and maintenance costs. A number of assumptions were made by the project to
address evidence gaps. For large scale, complex projects with multiple partners, the headline
reported funding may not reflect all costs and value. For example, partners may make in-kind
contributions and provide additional stakeholder work, scientific supervision, use of technicians
and PhD students to conduct projects.

Conclusions

Assisted recovery approaches have clear value for restoring biogenic habitats that have
undergone historic declines and which have not recovered naturally and that on their recovered
state provide high levels of ecosystem services and goods and benefits. Significant barriers remain
to assisting recovery including costs, feasibility, the complexity of projects and the level of
resources required. However, approaches are being developed such as the hessian bag planting
method for seagrass seeds and the green gravel approach for kelps, that are lower in cost and
scalable to larger areas.

Marine assisted recovery options that are focussed on species are expensive and labour intensive.
For most marine species, including larger burrowing infauna (holothurians, large polychaetes) and
epifaunal species such as seapens and faunal communities of rock, these barriers, coupled with
low levels of economic return mean that no options have been developed to assist recovery. It is
therefore likely that for most habitats, the removal of pressures to support the recovery of
degraded habitats and the management and conservation of remaining habitats will be prioritised
over assisted recovery.
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Appendix 1 Literature search terms

Search Term Number of hits Google Scholar
(GS) or Google
Artificial rock reef UK 25,800 GS
Live maerl translocation 4,560 Google
Maerl restoration 35,200 Google
Mussel aquaculture OR relaying or 3,990,000 Google
seeding OR costs
Sediment capping OR sealing OR 19,000,000 Google
disposal
Sediment capping OR sealing OR 491,000 GS
disposal
Maerl translocation 7,030 GS
Marine mud recovery 27,900 GS
Marine mud restoration 60,200 GS
Marine sediment capping 50,300 GS
marine subtidal assisted recovery 12,200 GS
Mytilus edulis aquaculture costs 16,600 GS
Cost benefit marine restoration 169,000 GS
Reef restoration UK 3,740,000 Google
Restor* marine chalk 340 GS
Restor* marine clay 2,540 GS
Restor* OR Recover Antedon 3 GS
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Search Term

Number of hits

Google Scholar

(GS) or Google

Restor* OR Recover Brachiopod 46 GS
Restor* OR Recover Neocrania OR 157 GS
Protanthea

Restor* OR Recover sponge 4,260 GS
Restor* OR Recover OR Rehabilitate | 4,280 GS
OR Enhance marine sand

Restor* OR Recover OR Rehabilitate | 20 GS
OR Enhance Axinellid sponge

Restor* OR Recover OR Rehabilitate | 11,400 GS
OR Enhance Musculus discors

Restor* OR Recover OR Rehabilitate | 3,340 GS
OR Enhance subtidal mud

Restor* OR recover®* OR enhance* 513 GS
Lophelia pertusa

Restor* OR recover* OR enhance* 63 GS
Brissopsis lyrifera

Restor* OR recover* OR enhance* 237 GS
sabellaria spinulosa

Restor* OR recover* OR enhance* 151 GS
serpula vermicularis

Restor* OR Recover* OR Rehabilitat* | 260 GS
OR Enhance Branchiostoma

lanceolatum

Restor* OR Recover* OR Rehabilitat* | 23 GS
OR Enhance Neopentadactyla mixta

Restor* OR Recover* OR Rehabilitat*

OR Enhance Ocnus planci
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Search Term

Number of hits

Google Scholar

(GS) or Google

Restor* OR Recover* OR Rehabilitat* | 3,540 GS
OR Enhance subtidal marine gravel

Restor* OR Recover* OR Rehabilitat* | 8,100 GS
OR Enhance subtidal mixed

sediment

Restor* OR Recover* OR Rehabilitate GS
OR Enhance Arenicola

Restor* OR Recover* OR Rehabilitate | 65 GS
OR Enhance Ascophyllum

Restor* OR Recover* OR Rehabilitate | 1,050 GS
OR Enhance Cerastoderma edule

Restor* OR Recover* OR Rehabilitate | 149 GS
OR Enhance hiatella arctica

Restor* OR Recover* OR Rehabilitate | 74 GS
OR Enhance leptopsammia pruvoti

Restor* OR Recover* OR Rehabilitate | 2,527 GS
OR Enhance marine clay

sand gravel aggregate site 21,800 GS
restoration

Subtidal beneficial use dredge 48,500 Google

Notes. *=wild card character, e.g., Restor* = restoration, restoring, restorative etc.
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Appendix 2 Recovery potential and relevant
restoration approaches

Assisted recovery options identified for EUNIS Level 4 habitats with medium (full recovery within 2-
10 years) (based on constituent Level 5 and/or 6 records) recovery to abrasion.

Table 11. Assisted recovery options identified for EUNIS Level 4 habitats with medium (full
recovery within 2-10 years).

Medium Recovery Recovery options

A4.22 Sabellaria reefs on circalittoral rock | Rock habitats can be created using placement
of blocks or similar. No approaches relevant to
Sabellaria spinulosa- were identified

A4.24 Mussel beds on circalittoral rock Translocation of Mytilus edulis
A4.25 Circalittoral faunal communities in Rock habitats can be created using placement
variable salinity of blocks or similar. No approaches relevant to

species assemblage

A4.31 Brachiopod and ascidian Rock habitats can be created using placement
communities on circalittoral rock of blocks or similar. No approaches relevant to
species assemblage.

Ab5.27 Deep circalittoral sand Landscaping techniques to create sandbars
mimicking natural sand waves, have been used
following sand extraction.

A5.35 Circalittoral sandy mud Sediment placement or capping (contaminants)
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Assisted recovery options identified for EUNIS Level 4 habitats with medium- high recovery ((full
recovery within 2-10 years) to abrasion (based on constituent Level 5 and/or 6 records).

Table 12 Assisted recovery options identified for EUNIS Level 4 habitats with medium- high

recovery.

Medium-High Recovery

A3. 11 Kelp with cushion fauna and/or
foliose red seaweeds

Recovery options

Rock habitats can be created using placement
of blocks or similar. Kelp and seaweed
restoration approaches.

A3.12 Sediment-affected or disturbed kelp
and seaweed communities

Rock habitats can be created using placement
of blocks or similar. Kelp and seaweed
restoration approaches.

A3.22 Kelp and seaweed communities in
tide-swept sheltered conditions

Rock habitats can be created using placement
of blocks or similar. Kelp and seaweed
restoration approaches. A3.223 Boulder
restoration.

A3.31 Silted kelp on low energy infralittoral
rock with full salinity

Rock habitats can be created using placement
of blocks or similar. Kelp and seaweed
restoration approaches.

A3.36 Faunal communities on variable or
reduced salinity infralittoral rock

Rock habitats can be created using placement
of blocks or similar. Blue mussel, Mytilus edulis
can be translocated.

A4.21 Echinoderms and crustose
communities on circalittoral rock

Rock habitats can be created using placement
of blocks or similar, artificial reefs may be
engineered to enhance species assemblage.
No directly approaches relevant to species
assemblage.

A5.24 Infralittoral muddy sand

Sediment placement or capping (contaminants).
A5.241: Experimental rearing of Ensis sliqua in
hatcheries (da Costa, 2010). No methods
Echinocardium cordatum.

A5.26 Circalittoral muddy sand

Sediment placement or capping (contaminants)

A5.33 Infralittoral sandy mud

Sediment placement or capping (contaminants)

A5.34 Infralittoral fine mud

Sediment placement or capping (contaminants)
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Medium-High Recovery Recovery options

A5.37 Deep circalittoral mud Sediment placement or capping (contaminants)

A5.52 Kelp and seaweed communities on Kelp and seaweed restoration approaches.
sublittoral sediment

A5.53 Sublittoral seagrass beds Seagrass restoration: translocation, seeding

Assisted recovery options identified for EUNIS Level 4 habitats with low (full recovery within 10-25
years) based on constituent Level 5 and/or 6 records.

Table 13. Assisted recovery options identified for EUNIS Level 4 habitats with low recovery

Low Recovery Recovery options

A4.71 Communities of circalittoral caves and | No techniques identified.
overhangs

Assisted recovery options identified for EUNIS Level 4 habitats with low (full recovery within 10-25
years) - very low (Negligible or prolonged recovery possible; at least 25 years to recover structure
and function) based on constituent Level 5 and/or 6 records.

Table 14. Assisted recovery options identified for EUNIS Level 4 habitats with low or very
low recovery.

Low -Very low Recovery Recovery options

A4.12 Sponge communities on deep Rock habitats can be created using placement
circalittoral rock of blocks or similar, artificial reefs may be
engineered to enhance species assemblage.
No approaches relevant to Axinellid sponges

A5.51 Maerl beds Translocation (note attempted for dead maerl
but failed for live)

A5.63 Circalittoral coral reefs Translocation of coral pieces
A5.71 Seeps and vents in sublittoral No approaches identified
sediments
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Assisted recovery options identified for EUNIS Level 4 habitats with very low (Negligible or
prolonged recovery possible; at least 25 years to recover structure and function) based on

constituent Level 5 and/or 6 records.

Table 15. Assisted recovery options identified for EUNIS Level 4 habitats with very low

recovery

Low or very low Recovery

Recovery options

A3.21 Kelp and red seaweeds (moderate
energy infralittoral rock).

A3.2113- Laminaria digitata and piddocks
on sublittoral fringe soft rock

No restoration approaches for soft rock habitats
identified. Kelp and seaweed restoration
approaches would support restoration of that
part of the species assemblage.

A3.34 Submerged fucoids, green or red
seaweeds (low salinity infralittoral rock)

A3.342- Ascophyllum nodosum and
epiphytic sponges and ascidians on
variable salinity infralittoral rock

Rock habitats can be created using placement
of blocks or similar. Seaweed restoration
approaches. Ascophyllum nodosum have been
reported from artificial rock pools created in
hard infrastructure.

A4.13 Mixed faunal turf communities on
circalittoral rock

A4.1311- Eunicella verrucosa and
Pentapora foliacea on wave-exposed
circalittoral rock

Rock habitats can be created using placement
of blocks or similar.

A4.23 Communities on soft circalittoral
rock

A4.231 Piddocks with a sparse associated
fauna in sublittoral very soft chalk or clay

No approaches identified to restore habitat or
species assemblages.

A5.36 Circalittoral fine mud

A5.361 Seapens and burrowing megafauna
in circalittoral fine mud

No approaches identified to restore specific
habitat and species (sediment capping and
placement would be highly damaging)

A5.43 Infralittoral mixed sediments

Ab5.434 Limaria hians beds in tide-swept
sublittoral muddy mixed sediment

A5.435 Ostrea edulis beds on shallow
subl