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1. About this book

1.1 The Conservation Evidence project

The Conservation Evidence project is constituted of four main parts:

1.

The synopses of the evidence captured for the conservation of particular species groups
or habitats (such as this synopsis). Synopses bring together the evidence for each possible
intervention that was identified. They are freely available online and, in some cases,
available to purchase in printed book form.

An ever-expanding database of summaries of previously published scientific papers,
reports, reviews or systematic reviews that document the effects of interventions. This
resource comprises over 6,616 pieces of evidence, all available in a searchable database
on the website www.conservationevidence.com.

What Works in Conservation, which is an assessment of the effectiveness of interventions
by expert panels, based on the collated evidence for each intervention for each species
group or habitat covered by the synopses. This is available as part of the searchable
database and is published as an updated book edition each vyear
(https://www.conservationevidence.com/content/page/79).

An online open access journal, Conservation Evidence that publishes new pieces of
research on the effects of conservation management interventions. All the papers
published are written by, or in conjunction with, those who carried out the conservation
work and include some monitoring of its effects
(https://www.conservationevidence.com/collection/view).

You can learn more about the Conservation Evidence project and the methods behind it in
Sutherland et al. (2019).

11


http://www.conservationevidence.com/
http://www.conservationevidence.com/
file:///C:/Users/rebks/Downloads/(
https://www.conservationevidence.com/content/page/79
https://www.conservationevidence.com/content/page/79
https://www.conservationevidence.com/collection/view
https://www.conservationevidence.com/collection/view
https://www.conservationevidence.com/collection/view

1.2 The purpose of Conservation Evidence synopses

Conservation Evidence synopses do Conservation Evidence synopses do not

Bring together scientific evidence captured by the Include evidence on the basic ecology of
Conservation Evidence project (over 6,616 studies so  species or habitats, or threats to them
far) on the effects of interventions to conserve and

restore biodiversity

List all realistic interventions for the species group or  Make any attempt to weight or prioritize
habitat in question, regardless of how much evidence interventions according to their
for their effects is available importance or the size of their effects

Describe each piece of evidence, including methods, Weight or numerically evaluate the
as clearly as possible, allowing readers to assess the evidence according to its quality
quality of evidence

Work in partnership with conservation practitioners, = Provide recommendations for

policymakers, and scientists to develop the list of conservation problems, but instead
interventions and ensure we have covered the most provide scientific information to help
important literature with decision-making

1.3 Who is this synopsis for?

If you are reading this, we hope you are someone who does, or wants to, make decisions
about how best to support, manage, and conserve the marine environment and its
biodiversity. You might be a marine conservationist in the public or private sector, a
campaigner, a marine advisor or consultant, a policymaker, a researcher, someone taking
action to protect the marine environment, or a concerned citizen. This synopsis
summarizes scientific evidence relevant to your conservation objectives and the actions
you could take to achieve them.

We do not aim to make your decisions for you, but to support your decision-making by
telling you what evidence there is (or isn’t) about the effects that your or others’ planned
actions could have. Here, by “evidence”, we mean any scientific studies found during our
systematic searches (see below section 1.6) that quantitatively report the effects of
conservation actions (interventions).

When decisions have to be made with particularly important or irreversible
consequences, we recommend carrying out a systematic review, as the latter is likely to
be more comprehensive than the summary of evidence presented here. Guidance on how
to carry out systematic reviews can be found from the Centre for Evidence-Based
Conservation at the Bangor University (www.cebc.bangor.ac.uk).
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1.4 Background

There is increasing need for policy makers and managers to assess the impact of human
pressures on the marine environment and to recommend and implement measures that
restrain, reduce or eliminate these pressures. These activities are undertaken by
multidisciplinary organisations, including international, government and regulatory
agencies, devolved governments, local authorities, non-governmental organisations and
science advisors. When assessing potential pressures on the marine environment, each
of these bodies employs staff to scrutinise the available scientific evidence-base for
guidance on best practice to reduce impacts.

Reviewing the evidence to inform marine management decisions is a time-consuming and
costly exercise. In general, the assessment of the evidence-base is approached on a case
by case basis. It is recognised that many stakeholders, intergovernmental bodies and
advisory groups strive for a standardised approach to data collection with respect to, for
example, terminology and methods for assessing fish populations and, that these
standards differ with the amount of data available for a given fish resource. However,
often, different stakeholders independently conduct evidence reviews relative to their
specific application or enquiry. This approach is counter to the philosophy of ‘produce
once and use many times over’ and is a highly inefficient use of resources. This means
that evidence is assessed and interpreted many times over, but with the risk that
evidence included in different reviews, and the way that it is assessed, will be
inconsistent, draws on different expert opinion, and replicates effort that has been spent
on previous reviews. This lack of consistency can lead to informal reviews that vary in
their quality and potential bias due to differences in objectivity and comprehensiveness
(see Woodcock et al. 2017). The inefficiency in this process is obvious, but may result in
a lack of repeatability and accuracy if methods are not clearly explained; one review may
draw different conclusions based on similar evidence, and has the potential to lead to
different management recommendations from different agencies or stakeholders. One
serious consequence of divergent interpretation is that decisions and the evidence
assessment process are then more open to challenge, which may require further
investigation to resolve conflicts, slowing down the process and using more resources.

Fishing is one of the most widespread sources of human disturbance in marine and
aquatic environments, and many ecosystems and fish populations have been dramatically
altered as a result of fishing activities. Effective management is complicated by conflicting
interests of multiple stakeholders and there is an increasing need for evidence-based
management and conservation of fish populations and communities (Cooke et al. 2017).
While a large amount of evidence exists, it is often not collated and summarized in an
easily accessible format. This project has summarized and evaluated the available global
scientific evidence on the effectiveness of conservation interventions in marine and
transitional aquatic environments and incorporated this information into an online free
to use searchable database (www.ConservationEvidence.com). In doing so, the output of
our project will contribute to the maintenance and enhancement of the quality of the
marine environment.
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1.5 Scope of the review
1.5.1 Review subject

This synopsis covered published evidence for the effectiveness of global conservation
interventions, and management interventions, aimed at conserving, but also restoring
and promoting, marine fish species and communities. This subject has not yet been
covered using subject-wide evidence synthesis. This is defined as a systematic method of
evidence synthesis that covers entire subjects at once, including all closed review topics
within that subject at a fine scale and analysing results through study summary and expert
assessment, or through meta-analysis; the term can also refer to any product arising from
this process (Sutherland et al. 2019). The topic was therefore a priority for the discipline-
wide Conservation Evidence database.

The present synthesis focussed on evidence for the effects of selected conservation
interventions for wild marine fish (i.e. not in captivity). We included evidence for actions
from a prioritized list of categories on the advice of the advisory board, i.e. those that fall
under the International Union for the Conservation of Nature (IUCN) direct threat
category ‘Biological resource use’ (http://www.iucnredlist.org/technical-
documents/classification-schemes/threatsclassification-scheme). As a result, for this
synthesis, conservation interventions included fisheries management measures that aim
to conserve fish stocks and ameliorate the deleterious effects of fishing activity. The full
list of categories and actions not covered within this synthesis are provided in Appendix
1. Note: Evidence for the interventions listed under ‘Catch, Effort and Capacity Reduction’
has been compiled and is currently being summarised. This section will be updated as
soon as that is completed.

This global synthesis collates evidence for the effects of selected conservation actions for
all wild marine fish species within all marine ecosystems and habitat types. We did not
include evidence from the substantial literature on husbandry of commercially reared
cultured marine fish or those kept in zoos.

Evidence for the effectiveness of interventions targeting conservation of diadromous
species (those that spend a part of their life cycle in freshwater habitats and part in
marine habitats) have been summarized only for studies that were carried out in marine
and estuarine aquatic habitats. Interventions relating to the conservation of these species
carried out in freshwater habitats will be collated separately to be retained for any future
synopsis covering this theme.

The output of the project is an authoritative, freely accessible evidence-base that will
support marine management objectives and help to achieve conservation outcomes and
more sustainable use of marine biological resources.

1.5.2 Advisory board

An advisory board made up of 19 international conservationists and academics with
expertise in fisheries and marine fish conservation was formed. These experts provided
input into the evidence synthesis at three key stages: a) reviewing the protocol including

14


http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme
http://www.iucnredlist.org/technical-documents/classification-schemes/threats-classification-scheme

identifying key sources of evidence, b) developing a comprehensive list of conservation
interventions for review and c) reviewing the draft evidence synthesis. The advisory
board is listed above.

1.5.3 Creating the list of interventions

At the start of the project, a comprehensive list of interventions was developed by
scanning the literature and in partnership with the advisory board. The list was also
checked by Conservation Evidence to ensure that it followed the standard structure
(described below). The aim was to include all actions that have been carried out or
advised to support populations or communities of wild marine fish, whether evidence for
the effectiveness of an action is available or not. During the synthesis process further
interventions were discovered and integrated into the synopsis structure.

The list of interventions was organized into categories based on the IUCN classifications
of direct threats (http://www.iucnredlist.org/technical-documents/classification-
schemes/threatsclassification-scheme) and conservation actions
(http://www.iucnredlist.org/technicaldocuments/classification-schemes/conservation-
actions-classification-scheme-ver2).

In total, we found 93 conservation and/or management interventions that could be
carried out to conserve marine fish populations from our selected categories (see
explanation note in 1.5.1 above). We found evidence for the effects on marine fish
populations of 66 of these interventions. The evidence was reported as 544 summaries
from 424 relevant publications found during our searches (see Methods below).

Note: Evidence for the interventions listed under ‘Catch, Effort and Capacity Reduction’
has been compiled and is currently being summarised. This section will be updated as
soon as that is completed.

1.6 Methods
1.6.1 Literature searches

Literature was obtained from the Conservation Evidence discipline-wide literature
database, and from searches of additional subject specific literature sources (see
Appendices 2 & 3). The Conservation Evidence discipline-wide literature database is
compiled using systematic searches of journals; relevant publications that describe
studies of conservation interventions for all species groups and habitats are saved from
each journal and are added to the database. The final list of evidence sources searched
for this synopsis is published in this synopsis document — see Appendix 2, and the full list
of journals and report series searched is published online
(https://www.conservationevidence.com/journalsearcher/synopsis).

a) Global evidence

Evidence from all around the world was included.
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b) Languages included

Only English language journals were included in this synopsis. A study on the topic of
language barriers in global science indicates that approximately 35% of conservation
studies may be in non-English languages (Amano et al. 2016). While searching only English
language journals may therefore potentially introduce some bias to the review process,
project resources and time constraints determined the number of journals that could be
searched within the project timeframe.

c¢) Journals searched
i) From Conservation Evidence discipline-wide literature database

All of the journals (and years) listed in Appendix 2b were searched prior to or during the
completion of this project by authors of other synopses, and relevant papers added to
the Conservation Evidence discipline-wide literature database. An asterisk indicates the
journals most relevant to this synopsis. Others are less likely to include papers relevant
to this synopsis, but if they did, those papers were summarized.

ii) Update searches

No additional searches of any of the journals listed in Appendix 2b were undertaken as
part of this synopsis, as we prioritised searches to specialist journals that were more likely
to yield studies that focus on marine fisheries management and conservation.

iii) New searches

Targeted searches of journals most relevant to the conservation of marine fish
populations, listed below (and in Appendix 2a), were undertaken. These journals were
identified through expert judgement by the project researchers and the advisory board
and ranked in order of relevance, to prioritise searches that were considered likely to
yield higher numbers of relevant studies. These journals were not searched from the first
year of publication; rather searches were done working backwards from the end of 2018,
either to the earliest published volume where possible, or for 30 years for long-running
journals.

* Fish and Fisheries

* Fisheries

* Fisheries Management & Ecology
* Fisheries Oceanography

* Fisheries Research

* ICES Journal of Marine Science

* Journal of Coastal Research

d) Reports from specialist websites searched

i) From Conservation Evidence discipline-wide literature database
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All of the report series (and years) below have already been systematically searched for
the Conservation Evidence project. An asterisk indicates the report series most relevant
to this synopsis. Others were less likely to have included reports relevant to this synopsis,
but if they did, they were summarized.

« Amphibian Survival Alliance 1994-2012 Vol 9-Vol 104
o British Trust for Ornithology 1981-2016 Report 1-687
« IUCN Invasive Species Specialist Group 1995-2013 Vol 1-Vol 33
« Scottish Natural Heritage* 2004-2015 Reports 1-945

ii) Update searches
Updates to reports already searched as part of the wider Conservation Evidence project
were not undertaken for this synopsis.

iii) New searches
No new report searches were undertaken for this synopsis due to time constraints.

e) Other literature searches

i) Conservation Evidence online database
The online database www.conservationevidence.com was searched for relevant
publications that had already been summarized. If such summaries existed, they were
extracted and added to this synopsis.

ii) Systematic and non-systematic reviews
Where a systematic review was found for an intervention, it was summarized. However,
each relevant study included in the systematic review was not summarized due to time
constraints. Where a non-systematic review (or editorial, synthesis, preface, introduction
etc.) was found for an intervention, the review itself was not summarized, unless the
review also provided new/collective data. Relevant publications cited in these non-
systematic reviews were not summarized at this stage.

f) Supplementary literature identified by advisory board or relevant stakeholders

Additional journal or specialist website searches, and relevant papers or reports
suggested by the advisory board or relevant stakeholders were also included, where
time permitted.

g) Search record database

A database was created of all relevant publications found during searches. Reasons for
exclusion were recorded for all studies included during screening but that were not
summarized for the synopsis.

1.6.2 Publication screening and inclusion criteria

A summary of the total number of evidence sources and papers/reports screened is
presented in the diagram in Appendix 3. The initial screening process was at the title and
abstract level. If selected following this initial screening, a second one at the full-text level
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was undertaken, to validate whether the study indeed fitted the Conservation Evidence
inclusion criteria (described below).

a) Screening

To ensure consistency/accuracy when screening publications for inclusion in the
literature database, an initial test using the Conservation Evidence inclusion criteria
(provided below) and a consistent set of references was carried out by the authors,
compared with the decisions of the experienced core Conservation Evidence team.
Results were analysed using Cohen’s Kappa test (Cohen 1960). Where initial results did
not show ‘substantial’ (K=0.61-0.8) or ‘almost perfect’ agreement (K= 0.81-1.0), authors
were given further training. A second Kappa test was used to assess the
consistency/accuracy of article screening for the first two years of the first journal
searched by each author. Again, where results did not show ‘substantial’ (K=0.61-0.8) or
‘almost perfect’ agreement (K= 0.81-1.0), authors received further training and were
tested again before carrying out further searches.

Authors of other synopses who have searched journals and added relevant publications
to the Conservation Evidence literature database since 2018, and all other searchers since
2017 have undertaken the initial paper inclusion test described above; searchers prior to
that have not. Kappa tests of the first two years searched has been carried out for all new
searchers who have contributed to the Conservation Evidence literature database since
July 2018.

We acknowledge that the literature search and screening method used by Conservation
Evidence, as with any method, results in gaps in the evidence. The Conservation Evidence
literature database currently includes relevant papers from over 270 English language
journals as well as over 150 non-English journals. Additional journals are frequently added
to those searched, and years searched are often updated. It is possible that searchers will
have missed relevant papers from those journals searched. Potential publication bias is
not taken into account, and it is likely that additional biases will result from the evidence
that is available, for example there are often geographic biases in study locations.

b) Inclusion criteria

The following Conservation Evidence inclusion criteria were used.

Criteria A: Conservation Evidence includes studies that measure the effect of an action
that might be done to conserve biodiversity

1. Does this study measure the effect of an action that is or was under the control of
humans, on wild taxa (including captives), habitats, or invasive/problem taxa? If yes,
goto 3. 1f no, goto 2.

2. Does this study measure the effect of an action that is or was under the control of
humans, on human behaviour that is relevant to conserving biodiversity? If yes, go to
Criteria B. If no, exclude.
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3. Could the action be put in place by a conservationist/decision maker to protect,
manage, restore or reduce impacts of threats to wild taxa or habitats, or control or
mitigate the impact of the invasive/problem taxon on wild taxa or habitats? If yes,
include. If no, exclude.

Explanation:

1.a. Study must have a measured outcome on wild taxa, habitats or invasive species:
excludes studies on domestic/agricultural species, theoretical modelling or opinion
pieces. See Criteria B for actions that have a measured outcome on human behaviour
only.

1.b. Action must be carried out by people: excludes impacts from natural processes (e.g.
tree falls, natural fires), impacts from background variation (e.g. sediment type,
submerged vegetation, climate change), correlations with habitat types, where there is
no test of a specific action by humans, or pure ecology (e.g. movement, distribution of
species).

2. Study must test an action that could be put in place for conservation. This excludes
assessing impacts of threats (actions which remove threats would be included). The test
may involve comparisons between sites/factors not originally put in place or modified for
invertebrate conservation, but which could be (e.g. modified fishing net vs unmodified
fishing net, fished sites vs sites where fishing stopped — where the net
modification/fishing cessation is as you would do for conservation, even if that was not
the original intention in the study).

If the title and/or abstract are suggestive of fulfilling our criteria, but there is not sufficient
information to judge whether the action was under human control, whether the action
could be applied by a conservationist/decision maker or whether there are data
qguantifying the outcome, then include. If the article has no abstract, but the title is
suggestive, then a study will be included.

We sort articles into folders by which taxon/habitat they have an outcome on. If the
title/abstract does not specify which species/taxa/habitats are impacted, then the full
article will be scanned and then assigned to folders accordingly.

The outcome for wild taxa/habitats can be negative, neutral or positive, does not have to
be statistically significant but must be quantified (if hard to judge from abstract, then
include). It could be any outcome that has implications for the health of individuals,
populations, species, communities or habitats, including, but not limited to the following:

e Individual health, condition or behaviour, including in captivity: e.g., growth, size,
weight, stress, disease levels or immune function, movement, use of natural/artificial
habitat/structure, range, or predatory or nuisance behaviour that could lead to
retaliatory action by humans.

e Breeding: egg/larvae/sperm production, mating success, birth rate, clutch size, ,
‘overall recruitment’
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e Genetics: genetic diversity, genetic suitability (e.g. adaptation to local conditions.)

o Life history: age/size at maturity, survival, mortality

e Population measures: number, abundance, density, presence/absence, biomass,
movement, cover, age-structure, species distributions (only in response to a human
action), disease prevalence, sex ratio

e Community/habitat measures: species richness, diversity measures (including
trait/functional diversity), community composition, community structure (e.g. trophic
structure), area covered, physical habitat structure (e.g. rugosity, height, basal area)

Actions within the scope of Conservation Evidence include:

e C(Clear management actions: creation of artificial structures, planting submerged
vegetation, controlling or eradicating invasive species, creating marine protected
areas, creating or restoring habitats.

e International, national, or local policies: creation of marine protected area, bylaws,
local voluntary restrictions.

e Reintroductions or management of wild species in captivity

e Actions that reduce human-wildlife conflict

e Actions that change human behaviour, resulting in an impact on wild taxa or
habitats

See https://www.conservationevidence.com/data/index for more examples of actions.

Note on study types:
Literature reviews, systematic reviews, meta-analyses or short notes that review studies
that fulfil these criteria are included.

Theoretical modelling studies were excluded, as no intervention has been taken.
However, studies that use models to analyse real-world data, or compare models to real-
world situations are included (if they otherwise fulfil these criteria).

Criteria B: Conservation Evidence includes studies that measure the effect of an action that

might be done to change human behaviour for the benefit of biodiversity

1. Does this study measure the effect of an action that is or was under human control on
human behaviour (actual or intentional) which is likely to protect, manage, restore or
reduce threats to wild taxa or habitats? If yes, go to 2. If no, exclude.

2. Could the action be put in place by a conservationist, manager or decision maker to
change human behaviour? If yes, include. If no, exclude.

Explanation:

1.a. Study must have a measured outcome on actual or intentional human behaviour
including self-reported behaviours: excludes outcomes on human psychology (tolerance,
knowledge, awareness, attitude, perceptions or beliefs)
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1.b. Change in human behaviour must be linked to outcomes for wild taxa and habitats,
excludes changes in behaviour linked to outcomes for human benefit, even if these
occurred under a conservation program (e.g. we would exclude a study demonstrating
increased school attendance in villages under a community-based conservation program)

1.c. Action must be under human control: excludes impacts from climatic or other natural
events.

2. Study must test an action that could be put in place for conservation: excludes studies
with no action e.g. correlating human personality traits with likelihood of conservation-
related behaviours.

The human behaviour outcome of the study can be negative, neutral or positive, does not
have to be statistically significant but must be quantified (if hard to judge from abstract,
then include). It could be any behaviour that is likely to have an outcome on wild taxa and
habitats (including mitigating the impact of invasive/problem taxon on wild taxa or
habitats). Actions include, but are not limited to the following:

* Change in adverse behaviours (which directly threaten biodiversity): e.g.
unsustainable fishing (industrial, artisanal, recreational), urban encroachment,
creating noise, entering sensitive areas, polluting or dumping waste, clearing or
habitat destruction, introducing invasive species

* Change in positive behaviours: e.g. uptake of alternative/sustainable livelihoods,
number of households adopting sustainable practices, donations, donations

* Change in policy or conservation methods: e.g. placement of protected areas,
protection of key habitats/species

* Change in consumer or market behaviour: e.g. purchasing, consuming, buying,
willingness to pay, selling, illegal trading, advertising, consumer fraud

* Behavioural intentions to do with any of the above

Actions which are particularly likely to induce a human behaviour change include, but are
not limited to the following:

. Enforcement: closed seasons, size limits, fishing gear restrictions,
auditable/traceable reporting requirements, market inspections, increased
number of rangers, patrols or frequency of patrols in, around or within protected
areas, improved fencing/physical barriers, improved signage, improved
equipment/technology used by guards, use of UAVs/drones for rapid response,
DNA analysis, GPS tracking.

. Behaviour Change: promote alternative/sustainable livelihoods, payment for
ecosystem services, ecotourism, poverty reduction, increased appreciation or
knowledge, debunking misinformation, altering or re-enforcing local taboos,
financial incentives.
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. Governance: Protect or reward whistle-blowers, increase government
transparency, ensure independence of judiciary, provide legal aid

. Market Regulation: trade bans, taxation, supply chain transparency laws
. Consumer Demand Reduction: Increase awareness or knowledge, fear appeals
. (negative association with undesirable product), benefit appeal (positive

association with desirable behaviour), worldview framing, moral framing,
employing decision defaults, providing decision support tools, simplifying advice
to consumers, promoting desirable social norms, legislative prohibition.

. Sustainable Alternatives: Certification schemes, captive bred or artificial
alternatives, sustainable alternatives.
. New policies for conservation/protection

We allocated studies to folders by their outcome. All studies under Criteria B go in the
‘Human behaviour change’ folder. They are additionally duplicated into a taxon/habitat
folder if there is a specific intended final outcome of the behaviour change (if none
mentioned, file only in Human behaviour change).

Relevant subject

Studies relevant to the synopsis subject included those focused on the conservation of
wild, native marine fish and carried out in marine and estuarine habitats.

Relevant types of intervention

An intervention has to be one that could be put in place by a fisheries manager,
conservationist or policy maker to protect, manage, restore or reduce the impacts of
threats to wild native marine fish, or control or mitigate the impact of an
invasive/problem taxon on marine fish. Alternatively, interventions may aim to change
human behaviour (actual or intentional), which is likely to protect, manage, restore or
reduce threats to marine fish populations. See inclusion criteria above for further details.

If the following two criteria were met, a combined intervention was created within the
synopsis, rather than repeating evidence under all the separate interventions: a) there
were five or more publications that used the same well-defined combination of
interventions, with very clear description of what they were, without separating the
effects of each individual intervention, and b) the combined set of interventions is a
commonly used conservation strategy.

Relevant types of comparator

To determine the effectiveness of interventions, studies must include a comparison, i.e.
monitoring change over time (typically before and after the intervention was
implemented), or for example comparing “treatment” sites where an intervention was
undertaken or implemented, and “control” sites where not intervention took place but
the threat occurred.

Alternatively, a study could compare one specific intervention (or implementation
method) against another. For example, this could be comparing the abundance of a
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species before and after the closure of an area to fishing activities, or the species
selectivity or unwanted catch reduction of two different mesh sizes used in fishing gear.

Exceptions, which may not have one of the suitable comparators listed above, but will
still be included, are for example, studies comparing with “pristine” or “reference” sites,
or studies where no comparator is realistic (e.g: the effectiveness of restocking or captive
breeding programmes, or of eradicating or controlling introduced species).

Relevant types of outcome

Below we provide a list of anticipated metrics; others were included if reported within
relevant studies.

— Community response

Community composition
Richness/diversity

— Population response

Abundance: number, density, presence/absence, biomass, age
structure, sex ratio

Reproductive success: egg/larvae production, mating success, hatching rate,
egg/larvae quality/condition, overall recruitment, age/size at maturity

Survival: survival, mortality

Condition: growth, size, weight, condition factors (condition indices), biochemical
ratios, stress, disease levels, or immune function

— Behaviour:

Use by species of natural or artificial habitat, use of artificial structures or
shelters

Species behaviour change: movement or migration patterns, changes in range
Human behaviour change

— Other

Reduction of unwanted catch (“bycatch”)

Improved gear size-selectivity

Reduction of fishing effort

Commercial catch abundance/landings

Improved compliance/reduction of illegal fishing activity
Stock status

Relevant types of study design

The table below lists the study designs included. The strongest evidence comes from
studies using the following experimental design: randomized, replicated, controlled trials
with paired sites and before and after monitoring. For further information on study
designs and their quality or strength, please see Christie et al. 2019.
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Table 1. Study designs

Term

Meaning

Replicated

The intervention was repeated on more than one individual or site.
In conservation and ecology, the number of replicates is much
smaller than it would be for medical trials (when thousands of
individuals are often tested). If the replicates are sites, pragmatism
dictates that between five and ten replicates is a reasonable
amount of replication, although more would be preferable. We
provide the number of replicates wherever possible. Replicates
should reflect the number of times an intervention has been
independently carried out, from the perspective of the study
subject. For example, 10 plots within a mown field might be
independent replicates from the perspective of plants with limited
dispersal, but not independent replicates for larger motile animals
such as birds. In the case of translocations/release of captive bred
animals, replicates should be sites, not individuals.

Randomized

The intervention was allocated randomly to individuals or sites.
This means that the initial condition of those given the
intervention is less likely to bias the outcome.

Paired sites

Sites are considered in pairs, within which one was treated with
the intervention and the other was not. Pairs, or blocks, of sites
are selected with similar environmental conditions, such as soil
type or surrounding landscape. This approach aims to reduce
environmental variation and make it easier to detect a true effect
of the intervention.

Controlled*

Individuals or sites treated with the intervention are compared
with control individuals or sites not treated with the intervention.
(The treatment is usually allocated by the investigators (randomly
or not), such that the treatment or control groups/sites could have
received the treatment).

Before-and-after

Monitoring of effects was carried out before and after the
intervention was imposed.

Site comparison*

A study that considers the effects of interventions by comparing
sites that historically had different interventions (e.g. intervention
vs no intervention) or levels of intervention. Unlike controlled
studies, it is not clear how the interventions were allocated to sites
(i.e. the investigators did not allocate the treatment to some of the
sites).
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Review A conventional review of literature. Generally, these have not used
an agreed search protocol or quantitative assessments of the
evidence.

Systematic review A systematic review follows structured, predefined methods to
comprehensively collate and synthesise existing evidence. It must
weight or evaluate studies, in some way, according to the
strength of evidence they offer (e.g. sample size and rigour of
design). Environmental systematic reviews are available at:
www.environmentalevidence.org/index.htm

Study If none of the above apply, for example a study measuring change

over time in only one site and only after an intervention. Or a
study measuring use of nest boxes at one site.

* Note that “controlled” is mutually exclusive from “site comparison”. A comparison
cannot be both controlled and a site comparison. However, one study might contain both
controlled and site comparison aspects e.g. study of restored oyster reefs, compared to
unrestored seabed plots (controlled) and natural, target oyster reefs (site comparison).

1.6.3 Study quality assessment & critical appraisal

We did not quantitatively assess the evidence from each publication or weigh it according
to quality. However, to allow interpretation of the evidence, we clearly stated the size
and design of each reported study.

We critically appraised each potentially relevant study and excluded those that did not
provide data for a comparison to the treatment, did not statistically analyse the results
(or if included this was stated in the summary paragraph), or had obvious errors in their
design or analysis. A record of the reason for excluding any of the publications included
during screening was kept within the synopsis database.

1.6.4 Data extraction

Data on the effectiveness of the relevant intervention (e.g. mean species abundance
inside or outside a closed area; reduction in unwanted catch after modifications to fishing
gear) were extracted from, and summarized for, publications that included the relevant
subject, types of intervention, comparator and outcomes outlined above. A summary of
the total number of evidence sources and papers/reports scanned, and the total number
of publications included following data extraction is presented in Appendix 3.

In addition to ensuring consistency/accuracy when screening publications for inclusion in
the discipline-wide literature database (see above), for a set of publications, relevant data
was extracted by a member of the core Conservation Evidence team as well as the author
to ensure agreement for inclusion in the synopsis. In addition, at the start of each month,
authors swapped three summaries with another author to ensure that the correct type
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of data has been extracted and that the summary followed the Conservation Evidence
standard format.

1.6.5 Evidence synthesis
a) Summary protocol

Each publication usually had just one paragraph for each intervention it tested, describing
the study in (usually) no more than 200 words using plain English. To help with some of
the terminology specific to the marine environment, and for which a suitable plain English
equivalent does not exist, we provide a Glossary of terms (Appendix 4). Each summary
used the following format:

A [TYPE OF STUDY] in [YEARS X-Y] in [HOW MANY SITES] in/of [HABITAT/SEABED TYPE] in
[REGION, COUNTRY and WATER BODY] [REFERENCE] found that [INTERVENTION]
[SUMMARY OF ALL KEY RESULTS] for [SPECIES/HABITAT TYPE]. [DETAILS OF KEY RESULTS,
INCLUDING DATA]. In addition, [EXTRA RESULTS, IMPLEMENTATION OPTIONS, CONFLICTING
RESULTS]. The [DETAILS OF EXPERIMENTAL DESIGN, INTERVENTION METHODS and KEY
DETAILS OF SITE CONTEXT]. Data was collected in [DETAILS OF SAMPLING METHODS].

Type of study - use terms and order in Table 1.

Site context - for the sake of brevity, only nuances essential to the interpretation of the
results are included. The reader is always encouraged to read the original source to get a
full understanding of the study site (e.g. history of management, physical conditions).

For example:

A replicated, paired, site comparison study in 2002 of two coral reefs in the Philippine Sea,
Philippines (1) found that prohibiting all fishing in a marine reserve resulted in higher density
and biomass of species of fish taken by local fishers within the reserve compared to a fished
area in, one of two cases. For species taken by fishers, density and biomass inside reserve
one was higher (density: 68 fish/500 m?; biomass: 89 kg) than outside (27 fish/500 m?; 25
kg), but not significantly different inside and outside reserve two (density inside and outside:
41 fish/500 m?; no biomass data provided). For fish species not subject to fishing, density
was higher inside both reserves compared to outside, however statistical tests showed this
was mainly due to habitat variation not protection status (reserve one: 146 fish/250 m?
inside, 113/250 m? outside; reserve two: 93/250 m? inside, 32/250 m? outside). No-take
reserves approximately 450 m long (protected for 20 years) and 650 m long (protected for
15 years) off two islands were each compared to fished areas approximately 500 m away.
Fish were surveyed in November and December 2002. Divers surveyed fish at six (reserve
one) and eight (reserve two) coral reef slope sites inside and outside each reserve. Counts
were along 50 x 10 m transects for fish taken by fishers and 50 x 5 m transects for fish not
fished. Transects were surveyed twice.
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(1) Abesamis R.A., Russ G.A. & Alcala A.C. (2006) Gradients of abundance of fish across no-take
marine reserve boundaries: Evidence from Philippine coral reefs. Aquatic Conservation: Marine and
Freshwater Ecosystems, 16, 349-371.

b) Terminology used to describe the evidence

Unless specifically stated otherwise, results reflect statistical tests performed on the data
i.e. we only state that there was a difference if it was a statistically significant difference or
state that there was no difference if it was not significant. Table 1 above defines the terms
used to describe the study designs.

c) Dealing with multiple interventions within a publication

When separate results were provided for the effects of each of the different interventions
tested, separate summaries have been written under each intervention heading.
However, when several interventions were carried out at the same time and only the
combined effect reported, the results were described with a similar paragraph under all
relevant interventions. The first sentence makes it clear that there was a combination of
interventions carried out, i.e. “......... (REF) found that [x intervention], along with [y] and
[z interventions] resulted in [describe effects]’. Within the results section we also added
a sentence such as: ‘It is not clear whether these effects were a direct result of [x], [y] or
[z] interventions', or 'The study does not distinguish between the effects of [x], and other
interventions carried out at the same time: [y] and [z].'

d) Dealing with multiple publications reporting the same results

If two publications described results from the same intervention implemented in the
same space and at the same time, we only included the most stringently peer-reviewed
publication (i.e. if a study is published in an academic journal and in a report series, we
would include the academic journal). If one included initial results (e.g. after year one) of
another (e.g. after 1-3 years), we only included the publication covering the longest time
span. If two publications described at least partially different results, we included both
but made clear they were from the same project in the paragraph, e.g. ‘A controlled

’

study..... (Gallagher et al. 1999; same experimental set-up as Oasis et al. 2001).....".

e) Taxonomy

The taxonomy used in each summary paragraph was not updated but followed that used
in the original publication. Where possible, common names and Scientific names were
both given the first time each species was mentioned within each summary.

f) Key messages

Each intervention has a set of concise, bulleted key messages at the top, which was
written once all the identified literature had been summarized. These messages include
information such as the number, design and location of included studies.
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The first bullet point describes the total number of studies that tested the intervention
and the locations of the studies, followed by key information on the relevant metrics
presented under the headings and sub-headings shown below (with number of relevant
studies in parentheses for each).

e X studies examined the effects of [INTERVENTION] on [TARGET POPULATION]. Y studies
were in [LOCATION 1]*2and Z studies were in [LOCATION 2]3%. Here, locations include
body of water and country, ordered based on chronological order of studies rather than
alphabetically, i.e. Mediterranean Sea’, Baltic Sea? not Baltic Sea?, Mediterranean Sea’.
The distribution of studies amongst specific habitat types or species groups may also be
added here if relevant to the intervention.

COMMUNITY RESPONSE (x STUDIES)
e Community composition (x studies):
e Richness/diversity (x studies):

POPULATION RESPONSE (x STUDIES)
e Abundance (x studies):
e Reproductive success (x studies):
e Survival (x studies):
e Condition (x studies):

BEHAVIOUR (x STUDIES)
e Use (x studies):

e Behaviour change (x studies):
e Human behaviour change (x studies):

OTHER (x STUDIES) (Included only for interventions/chapters where relevant)
e Reduction of unwanted catch (x studies):
e Improved size-selectivity of fishing gear (x studies):

e Reduction of fishing effort (x studies)

e Commercial catch abundance/landings (x studies):

e Improved compliance/reduction of illegal fishing activity (x studies)
e Stock status (x studies):

1.6.6 Dissemination/communication of evidence synthesis

The information from this evidence synthesis is available in three ways:

e This synopsis pdf, downloadable from www.conservationevidence.com, which
contains the study summaries, key messages and background information on each
intervention.

e The searchable database at www.conservationevidence.com which contains all the
summarized information from the synopsis, along with expert assessment scores.

e A chapter in What Works in Conservation, available as a pdf to download and a book
from [https://www.conservationevidence.com/content/page/79], which contains
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the key messages from the synopsis as well as expert assessment scores on the
effectiveness and certainty of the synopsis, with links to the online database.

1.7 How you can help to change conservation practice

If you know of evidence relating to the conservation of marine fish communities that is
not included in this synopsis, we invite you to contact us, via our website
www.conservationevidence.com. If you have new, unpublished evidence, you can
submit a paper to the Conservation Evidence journal. We particularly welcome papers
submitted by conservation practitioners.
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2. Threat: Biological resource use

Biological resource use can have significant impacts on marine fish: directly through
species extraction by harvesting (reduced population of commercially targeted as well
and non-targeted species - often referred to as “bycatch”) and indirectly through impacts
on the food chain (removal of predator and prey species and species that provide
important functions within the habitat) and on the seabed from fishing gear (modification
and destruction of seabed habitats)(Collie et al. 2000; Lambert et al. 2014; Sciberras et al.
2018; Watling & Norse 1998).

Please note that management interventions aimed at promoting the populations of
commercial species to maximise the catches of retained fish (for consumption/animal
trade etc.) are more closely related to harvest and fisheries management than
conservation by itself (although they are interlinked). For that reason, in some sections
(in particular ‘Reduce Unwanted Catch and Discards, and Improve Survival of Returned or
Escaped Fish), only the outcomes for non-commercial species and the unwanted
(discarded/undersized/protected) individuals of the commercial species being targeted
in any particular fishery are included. We have provided information on the outcomes for
the retained commercial species/size in some cases, however, but as additional
information only and they are not included as part of the main result. For instance, the
conservation outcomes of interventions such as “Set commercial catch quotas” or
“Restrict the use of a specific gear” for a specific commercial species (for instance cod) are
not summarized for the retained, marketable sizes/species, but for undersized
individuals of commercial species and any other non-commercial species (i.e. unwanted
catch species).

In addition, within operational commercial fisheries, the likely effects of
management measures (particularly where they may be numerous and outcomes difficult
to separate from each other) are increasingly evaluated using models. Thus, there is a
body of work that is excluded here, but that can also be used for management or policy

decisions.
Collie J.S., Hall S.J., Kaiser M.]. & Poiner L.R. (2000) A quantitative analysis of fishing impacts on shelf-sea
benthos. Journal of Animal Ecology, 69, 785-798.
Lambert G.I, Jennings S., Kaiser M.]., Davies T.W. & Hiddink ]J.G. (2014) Quantifying recovery rates and
resilience of seabed habitats impacted by bottom fishing. Journal of Applied Ecology, 51, 1326-1336.
Sciberras M., Hiddink ].G., Jennings S., Szostek C.L., Hughes K.M., Kneafsey B., Clarke L.J., Ellis N., Rijnsdorp
A.D., McConnaughey R.A., Hilborn R,, Collie ].S., Pitcher C.R., Amoroso R.0., Parma A.M., Suuronen P. &
Kaiser M.]. (2018) Response of benthic fauna to experimental bottom fishing: a global meta-analysis.
Fish & Fisheries, 19, 698-715.

Watling L. & Norse E.A. (1998) Disturbance of the seabed by mobile fishing gear: a comparison to forest
clearcutting. Conservation Biology, 12, 1180-1197.

Spatial and Temporal Management

2.1 Establish long-term fishery closures
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o Five studies examined the effects of establishing long-term fishery closures in an area on marine
fish populations. One study was in each of the Norwegian Sea' (Norway), the North Sea? (UK), the
Gulf of Maine3 (USA), the Bismark Sea* (Papua New Guinea) and the Kattegat® (Sweden/Denmark).

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (4 STUDIES)

Condition (2 studies): One replicated, before-and-after study in the Norwegian Sea' found that
in the five years after the long-term closure of a commercial coastal fishery, the weights of young
salmon returning to rivers were higher than before, and weights of older salmon were similar or
lower. One site comparison study in the Gulf of Maine3 found that there were smaller, but similar
condition monkfish inside an area closed year-round to groundfish fishing for six to seven years
than an area open to all fishing.

Abundance (4 studies): Two site comparison studies in the Gulf of Maine3 and Bismark Sea*
found a higher abundance of only one of seven fish species* and lower abundance of monkfish?
in areas closed to groundfish fisheries for six to eight years, compared to open areas. One of two
replicated, before-and-after studies (one controlled) in the Norwegian Sea'! and North Sea? found
that there were more young salmon and similar numbers of older salmon returning to rivers than
before, in the five years after the long-term closure of a commercial coastal fishery!. The other
study? found that lesser sandeel biomass and density peaked but there was no overall increase
in the three years after a long-term fishery closure compared to before.

BEHAVIOUR (1 STUDY)

Behaviour change (1 study): One site comparison study in the Bismark Sea“ found that in an
area closed to customary fishing for eight years, six of seven fish species had a lower flight
response distance compared to an area open to customary fishing, making them more vulnerable
to capture with spear guns.

OTHER (3 STUDIES)

Reduction of unwanted catch (1 study): One replicated, before-and-after study in the Kattegat®
found that a combination of long-term fishery closures and areas limited to specific gears reduced
unwanted catch of cod compared to before.

Reduction of fishing effort (1 study): One replicated, controlled, before-and-after study in the
North Sea? found that long-term closure of a commercial fishery reduced overall fishing effort for
lesser sandeel.

Commercial catch abundance (1 study): One replicated, controlled, before-and-after study in
the North Sea? found that annual sandeel catch rates were varied after the indefinite closure of
the commercial fishery in an area.

Background

Long-term closure of fisheries can be established to protect one or more species of key
commercially harvested fish that have suffered continued overexploitation. They differ
from other area-based closures based either on gear type(s) alone or those implemented
in marine protected areas. This is because they generally apply to only one target
fishery/species whilst often allowing other commercial fisheries to operate. In addition,
closures of target fisheries do not involve legal protection of the seabed /habitat and may
thus be more adaptive and easier to impose or even remove, particularly in response to a
recovery of the target fish stock. Long-term fishery closures may be applied to protect
commercial/harvested species year-round for an indefinite period. They may help
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depleted populations of fish to recover by reducing the fishing effort and thus mortality
exerted upon them.

Evidence for a related intervention is summarized under ‘Establish temporary fishery
closures.” See also ‘Cease or prohibit all (mobile and static) fishing gears that catch bottom
(demersal) species’.

A replicated, before-and-after study in 1980-1994 of four Norwegian rivers draining
to the Norwegian Sea (1) found that in the five years following a long-term ban on a
coastal drift net fishery for Atlantic salmon Salmo salar, there were increases in the catch
abundance and weights of young (one-sea winter) salmon returning to rivers, but fewer
changes for multi-sea-winter salmon. In three of four rivers, overall numbers of grilse
(young salmon returning from the sea to fresh water for the first time) were higher in the
five years after the ban (after: 500-4,000 fish, before: 80-1,200 fish) and numbers of
older, multi-sea-winter salmon were similar (after: 50-3,200 fish, before: 50-3,200 fish).
Average weight of grilse increased in all four rivers (after: 1,714-2,340 g, before: 1,558-
1,996 g), whereas two-sea-winter salmon weights decreased in two (after: 5,769-6,211
g, before: 6,500-6,988 g) and there were no changes for three-sea-winter salmon (after:
9,075-10,764 g, before: 8,938-10,752 g). In addition, effects of the ban on salmon
populations returning to four Russian rivers (outside of the ban area) were found for
three rivers draining to the Barents Sea, but not for one draining to the White Sea (see
paper for data). A total ban on sea fishing for salmon using drift nets was introduced in
Norway in 1989, while other methods such as bag and bend nets continued. Data on
catches of salmon (mainly rod and line) for four Norwegian rivers (Repparfjord, Alta,
Namsen, Stryn) from 1980-1994 were taken from Norwegian Official Statistics.

A replicated, controlled, before-and-after study in 1997-2003 of a seabed area in the
North Sea, Scotland, UK (2) found that in the three years after long-term closure of a
commercial fishery for lesser sandeel Ammodytes marinus there was a peak but no overall
increase in the biomass and density of sandeel, overall fishing effort was reduced and
catch rates varied. The annual biomass of the two youngest groups of sandeel (young of
the year and 1+ year) peaked during the closure (2000-2003) compared to the previous
three years, but no overall statistical difference was found between periods (after: 0-
233,000 t, before: 0-50,000 t). Similarly, sandeel density peaked in the first year after
closure (after: 7-48 fish/m?, before: 4-42 m?), but was not statistically different. Fishing
effort was reduced each year during the closure (after: 25-50 d, before: 80-280 d) but
estimates of catch rates varied (after: 50-190 t/day, 55-130 t/day). In 2000, the sandeel
fishery off south-east Scotland was closed indefinitely in response to concerns that
seabird colonies were declining from lack of fish prey. Sandeel biomass estimates were
derived from acoustic (six transects) and bottom trawl surveys (19 deployments) from a
commercial vessel between May-July 1998-2003. Density data were collected from 137-
195 grab deployments done each year, and fishing effort and catch data were derived
from official fisheries statistics for the Danish commercial sandeel fishery.

A site comparison study in 2004-2005 of two areas of mud and gravel seabed in the
Gulf of Maine, USA (3) found that year-round closure of an area to fisheries targeting
bottom-dwelling fish (groundfish) for six to seven years, resulted in lower abundance and
size of monkfish Lophius americanus abundance inside the closure area compared to
outside, feeding intensity varied and condition was similar. Overall, monkfish abundance
and size were lower inside the closure area than outside (data reported as statistical
model results). The abundance of larger monkfish (401-800 mm) was similar inside
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compared to outside (inside: 0.3-0.8 fish/tow, outside: 0.3-1.2 fish/tow), but was lower
for monkfish between 0-400 mm (inside: 0.3-0.8 fish/tow, outside: 1.3-2.7/tow).
Stomach fullness of adult monkfish was higher inside (10 g/mm?3), than outside (6
g/mm?3), but juvenile (<300 mm) stomach fullness was similar (inside: 8 g/mm3, outside:
11 g/mm?3). Monkfish condition was similar across protection levels (data reported as
statistical model results). In addition, monkfish feeding intensity and condition were
generally more strongly affected by habitat type than the closure. In autumn 2004 and
spring 2005, a total of 32 otter trawl deployments were conducted at paired sampling
sites, rock/cobble edge and mud, inside and outside, of the Western Gulf of Maine Closure
Area. The area was closed to groundfish fishing in 1998, initially to reduce fishing
mortality of key groundfish species such as cod. Monkfish were counted, lengths
measured, weighed and stomach content recorded.

A site comparison study in 2008 at two reefs in the Bismark Sea, Papua New Guinea
(4) found that long-term closure of areas to traditional fisheries (those with customary
fishing rights) resulted in greater abundance of only one of seven species compared to
fished areas after eight years, and the flight response of six species decreased. Striated
surgeonfish Ctenochaetus striatus were more abundant inside closed areas compared to
fished areas (closed: 47, open: 25 fish/1,000 m2), but abundances of the other six species
(orange-lined triggerfish Balistapus undulatus, Bleeker’s parrotfish Chlorurus bleekeri,
daisy parrotfish Chlorurus sordidus, yellowbarred parrotfish Scarus dimidiatus, dusky
parrotfish Scarus niger, and humpback red snapper Lutjanus gibbus) were similar (inside:
1-31, outside: 1-14 fish/1,000 m?). In addition, flight response of all but one species
(humpback red snapper) inside the closure area was shorter (closed: 131-365 cm, open:
207-551 cm), making them more vulnerable to capture by spear guns (range 1.3 to 3.1
m). Fish were surveyed on reefs off Karkar Island inside and outside one site (0.5 km?2)
that at the time of the study had been closed to customary fishing (using spear guns and
hand lines as primary gear types) for 8 years, with the exception of a 2-week period
during which it was opened to fishing for a ceremonial feast (details of when sampling
took place were not reported). The community maintains a customary system of reef
management where a portion of the reefs is closed for several years when the clan chiefs
decide fish are staying out of the range of spear guns. Sampled reefs outside the closure
area had not been closed to fishing. At five locations at each site, two, 50 x 5 m belt
transects at 2-4 and 6-8 m depths were surveyed by underwater visual census. Fish flight
distance was measured by placing weighted markers on a measuring tape at the start
position of the fish and the final position after disturbance.

A replicated, before-and-after study in 1996-2012 of four areas of seabed in the
Kattegat, off Sweden/Denmark (5) found that a combination of closed areas and areas
limited to specific gears resulted in a reduction in unwanted catch (likelihood of being
caught and retained) on cod Gadus morhua by the Danish bottom fleet compared to before
implementation. Across all areas, fishing impact (reported as a function of fish density,
fishing effort and gear size selectivity) was reduced for all size groups of cod, by 60% in
the period after management measures were introduced (2009-2011) compared to the
impact before (2008; see paper for data). In addition, by area, the reduction in fishing
impact was largest in areas subject to permanent or partial closures, but a decline in
fishing impact was also found in areas outside of closures due to a general change to more
selective gears. In contrast, in a seasonally closed area, fishing impact was estimated to
have increased in 2009-2010 in relation to 2008 (see paper for data). In 2009, Sweden
and Denmark introduced protected areas on historically important cod spawning
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grounds. The protected zone had four areas in which fishing was either completely
forbidden or limited to specific selective gears (Swedish size sorting grid and Danish
SELTRA codend with 300 mm mesh size in exit window) throughout part, or all, of the
year. Annual changes in fishing impact were estimated by overlaying the spatial and
temporal distribution of cod and fishing pressure. Analyses of cod distribution were
based on time-series data from six research trawl surveys (between 20-80 stations/year
spanning 1996-2012) in the first, third and fourth quarters of a year. Fishing effort data
from the Danish fleet in the Kattegat derived from logbooks and satellite-based vessel
monitoring systems were analysed for the period 2008-2011.

(1) Jensen A.]., Zubchenko A.V., Heggberget T.G., Hvidsten N.A., Johnsen B.0O., Kuzmin O., Loesnko A.A., Lund
R.A,, Martynov V.G., Nassje T.F., Sharov A.F. & @kland F. (1999) Cessation of the Norwegian drift net fishery:
changes observed in Norwegian and Russian populations of Atlantic salmon. ICES Journal of Marine
Science, 56, 84-95.

(2) Greenstreet S.P.R,, Armstrong E., Mosegaard H., Jensen H., Gibb .M., Fraser H.M,, Scott B.E., Holland G.].
& Sharples J. (2006) Variation in the abundance of sandeels Ammodytes marinus off southeast Scotland:
an evaluation of area-closure fisheries management and stock abundance assessment methods. ICES
Journal of Marine Science, 63, 1530-1550.

(3) Smith M.D., Grabowski J.H. & Yund P.O. (2008) The role of closed areas in rebuilding monkfish
populations in the Gulf of Maine. ICES Journal of Marine Science, 65, 1326-1333.

(4) Feary D.A,, Cinner J.E,, Graham N.A.J.,, & Januchowski-Hartley F.A. (2010) Effects of customary marine
closures on fish behaviour, spear-fishing success and underwater visual surveys. Conservation Biology, 25,
341-349.

(5) Vinther M. & Eero M. (2013) Quantifying relative fishing impact on fish populations based on spatio-
temporal overlap of fishing effort and stock density. ICES Journal of Marine Science, 70, 618-627.

2.2 Establish temporary fishery closures

e Five studies examined the effects of establishing temporary fishery closures on marine fish
populations. Two studies were in the North Atlantic Ocean?# (Canada, UK) and one study was in
each of the North Sea' (UK), the Philippine Sea3 (Palau) and the Mediterranean Sea5 (Spain).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)

¢ Abundance (1 study): One before-and-after, site comparison study in the Atlantic Ocean*found
no increase in the biomass of the spawning stock of cod following a temporary fishery closure
compared to fished areas over nine years.

e Survival (1 study): One before-and-after, site comparison study in the Atlantic Oceanfound no
change in the survival of cod* following a temporary fishery closure compared to fished areas
over nine years.

e Condition (1 study): One before-and-after, site comparison study in the Atlantic Ocean* found
no change in the length composition of cod following a temporary fishery closure, compared to
fished areas over nine years.

BEHAVIOUR (1 STUDY)

e Use (1 study): A study in the Northeast Atlantic Ocean? reported that over five years tagged
adult cod spent nearly a third of time inside a seasonally closed cod spawning area during
implementation, and were thus given increased protection from any gears targeting bottom-
dwelling fish during the spawning period.
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OTHER (4 STUDIES)

¢ Reduction of fishing effort (1 study): One replicated, controlled, before-and-after study in the
North Sea' found that fixed temporary closures had little effect on fishing effort for cod, but real-
time area closures reduced the annual amount of cod caught (retained and discarded).

e Commercial catch abundance (3 studies): One of two replicated (one controlled, one before-
and-after) studies in the Philippine Sea® and Mediterranean Sea® found that during a temporary
closure of a grouper fishery, spear fisher catch numbers of other fish groups (herbivores)
increased, indicating they were being targeted more compared to the open season3. The other
studys found that in targeted fisheries over 10 years, catch rates of red mullet and total catch (fish
and invertebrates combined), but not European hake, increased after temporary closures,
compared to before. One before-and-after, site comparison study in the Atlantic Ocean*found no
change over nine years in cod catches following a temporary fishery closure compared to fished
areas.

Background

Like long-term fishery closures, temporary fishery closures in an area can provide relief
from fishing mortality to selected species or groups of species that have suffered
commercial overexploitation. Unlike long-term fishery closures, temporary closures can
be seasonal (occurring in an area during a specific time) or rotational (areas alternately
closed and opened to fishing). Seasonal fishery closures may typically be implemented to
coincide with known periods during which fish may be more susceptible to the impacts
of fishing (e.g. during breeding or spawning). During these periods, many fish species are
known to aggregate into denser groups of individuals and may be made up exclusively of
individuals of one sex and/or stage of maturity. Rotational fishery closures may be
implemented to temporarily reduce fishing effort and mortality on the whole fish
population in an area. Prohibiting some or all fishing activity temporarily in an area may
protect adult breeding and spawning activity, protect immature fish during settlement
and nursing, and reduce fishing mortality, potentially allowing exploited fish populations
to recover over time.

Evidence for similar interventions is summarized under ‘Establish long-term fishery
closures’. and ‘Protect Reproductive Individuals - Protect spawning fish from capture’.

A replicated, controlled, before-and-after study in 2008-2009 of a large bottom
fished area in the North Sea, off northeast Scotland, UK (1) found that fixed temporary
seasonal area closures had little effect on reducing fishing effort for Atlantic cod Gadus
morhua during implementation, but real-time area closures reduced overall cod landings
and discards. A reduction in the number of vessels operating within the fixed closure
areas (45-69 days) was found in only one of three areas, compared to the 14 days before
closure (during: 3 vessels, before: 8 vessels) and was lowest in the 14 days after closure
(1 vessel), while for the other two closure areas, vessel activity was similar (during: 2-4
vessels, before: 3-4 vessels, after: 1 vessels). A fourth area closed initially for four months
(1 December 2008 to 31 March 2009) was kept closed for at least a year because test
catch rates of cod exceeded the threshold set for re-opening. In addition, separate real-
time closures implemented in 2009 resulted in estimated overall annual reductions in cod
catch (landings and discards) of 707 t. Seasonal (total of four) and real-time (maximum
of 12 at any one time, closed for 21 days when cod catch rate threshold exceeded) closures
were implemented for Scottish vessels in 2008 and 2009 to control fishing effort and
reduce mortality and discarding of cod (activity by non-Scottish vessels not required to
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adhere to closures was recorded). Data were collected in 2008-2009 from landings and
monitoring systems of vessels fishing in and around the closure areas.

A study in 2007-2012 of a seabed area in the Gulf of St. Lawrence, Northeast Atlantic
Ocean, Canada (2) found that over five years tagged adult cod Gadus morhua showed
frequent and long-term use of a seasonally closed spawning area established for five years
that prohibited fishing for bottom dwelling fish, and thus had increased protection from
fishing. Data were not statistically tested. Tagged adult cod spent an average 28% of time
(range 0-72%) inside the closed area during its enforcement period and were at liberty
for 224-746 days before capture, indicating long-term survival. Movement patterns of
different groups of cod indicated that migratory cod used the area more extensively (13-
72%) than non-migratory cod (0%). In addition, 17 tags from the 353 adult cod tagged
were returned (i.e. captured; the fate of the other 336 is unknown). A closed area of 5,000
km? was implemented in 2002 prohibiting all ground fishing activities yearly from April
1st to June 15t Between 2007-2012, a total of 353 cod were captured using baited
handlines and surgically implanted with data storage tags. Of the 17 tags returned,
complete data from 14 were used to reconstruct cod movements.

A replicated, controlled study in 2009 of reef fisheries in the Philippine Sea, Palau,
Micronesia (3) found that the implementation of a temporary closed season for groupers
Serranidae resulted in higher spear fisher catch rates of herbivorous fish by number but
not by weight, compared to the open season, and indicated an increase in the targeting of
these species by spear fishers. Average catch numbers of herbivorous fish actively
targeted by spear fishers throughout the year were higher during the closed grouper
season (7 fish/person/h) than the open season (4 fish/fisher/h), but there was no
difference in catch rates by weight (closed: 4, open: 3 kg/fisher/h). For other groups of
herbivorous fish (harvested opportunistically or normally avoided), catch rates were
higher during the closed season by both number (closed: 2.2, open: 0.6 fish/fisher/h) and
weight (closed: 1.6, open: 0.5 kg/fisher/h). Since 1994, a closed season (April-July) for
five grouper species was implemented to protect spawning fish. In 2009, daily surveys of
reef fish landings were done at Koror fish market for two weeks during the open (18-31st
March) and closed (13-26t July) grouper fishing seasons. Nineteen spear fisher catches
during the closed season and 23 during the open season were sampled and ranked by
category of herbivorous fish based on information given by the fishers: actively targeted
(10 species), opportunistically harvested (24 species) and avoided (17 species). Species,
weight and length was recorded for parrotfishes Scaridae, surgeonfishes and
unicornfishes Acanthuridae and rabbitfishes Siganidae.

A before-and-after, site comparison study in 1986-2010 of an area of seabed in the
north east Atlantic Ocean, western Scotland, UK (4) found that a seasonal fishery closure
implemented during the spawning period resulted in no change in catches, spawning
stock biomass, length composition or mortality of Atlantic cod Gadus morhua in the nine
years following implementation compared to before and to two fished areas. Data were
reported as statistical model results. Catch/unit effort and spawning stock biomass of cod
decreased after the seasonal closure was implemented, in both the closed area and two
fished areas. The length composition of cod was similar between the closed and fished
areas and did not change after the closure. Mortality rates differed between areas before
and after the closure and intermediate mortality rates were found in the closed area
compared to the two fished areas. Annual seasonal fishery closures from 6th March to
30th April were introduced in the Firth of Clyde in 2001 to protect spawning Atlantic cod.
Cod were surveyed in one of two zones of the closure area, both closed to gears that target
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fish but permitted creeling and scallop dredging. Trawling for Norway lobster Nephrops
was allowed in the surveyed zone but not in the adjacent zone (not surveyed). Cod
landings and hours fished by vessels over 10 m along the west coast of Scotland were
extracted from the Marine Scotland database. Cod data from within the closure and from
two fished reference areas were obtained from scientific bottom trawl surveys for the
period 1986-2010.

A replicated, before-and-after study in 2002-2011 of two bottom fishing grounds in
the southwestern Mediterranean Sea, Spain (5) found that seasonal fishery closures
implemented for 10 years resulted in increased catch rates of red mullet Mullus spp. and
total catch (fish and invertebrates combined) post-closure, but not European hake
Merluccius merluccius, compared to before closure. For fisheries targeting red mullet,
overall catch rates of red mullet (after: 162-407, before: 130-146 kg/vessel/day) and
total catch (after: 1,526-1,898, before: 991-1,017 kg/vessel/day) were higher after
closures, in both seasons. For hake fisheries, closures did not affect hake catch rates (after:
6-7, before: 5-6 kg/vessel/day) or the total catch rates (after: 18,679-22,406, before:
17,114-19,655 kg/vessel/day) in either season, but total catch rates varied between
years. Annually from 2002-2011 in the Gulf of Alicante, seasonal fishery closures of one
month/year were implemented in both northern and southern areas, the closure month
alternating between areas normally from May-June and September-October. Fisheries
landings data (species and weights) for all years were obtained from two ports (Dénia in
the north and La Vila Joiosa in the south) and the data from five years (2004, 2006-2008
and 2010) used to estimate catch rates of species targeted as part of multi-species trawl
fisheries before and after the closures.

(1) Holmes S.J., Bailey N., Campbell N., Catarino R., Barratt K., Gibb A. & Fernandes P.G. (2011) Using fishery-
dependent data to inform the development and operation of a co-management initiative to reduce cod
mortality and cut discards. ICES Journal of Marine Science, 68, 1679-1688.

(2) Le Bris A, Fréchet A. & Wroblewski ].S. (2013) Supplementing electronic tagging with conventional
tagging to redesign fishery closed areas. Fisheries Research, 148, 106-116.

(3) Bejarano Chavarro S., Mumby P.J., Golbuu Y. (2014) Changes in the spear fishery of herbivores associated
with closed grouper season in Palau, Micronesia. Animal Conservation, 17, 133-143.

(4) Clarke ]., Bailey D.M. & Wright P.J. (2015) Evaluating the effectiveness of a seasonal spawning area
closure. ICES Journal of Marine Science, 72,2627-2637.

(5) Samy-Kamal M., Forcada A. & Lizaso ].L.S. (2015) Effects of seasonal closures in multi-specific fishery.
Fisheries Research, 172, 303-317.

2.3 Cease or prohibit all commercial fishing

e Eight studies examined the effects of ceasing or prohibiting all commercial fishing in an area on
marine fish populations. Two studies were in the Tasman Sea28 (Australia), and one was in each of
the Indian Ocean* (Australia), the Mediterranean Sea' (Spain), the Greenland Sea?® (Iceland), the
Gulf of Mexico® (USA), the South China Sea® (China) and the south Atlantic Ocean’ (South Africa).

COMMUNITY RESPONSE (3 STUDIES)

e Community composition (3 studies): Two before-and-after studies (one site comparison) in
the Tasman Sea? and South China Sea® found that the fish assemblage/species composition
was different before and after prohibiting all commercial fishing, in an estuary after two years?,
and in the nearby wider region surrounding two marine reserves five years after their creation®.
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One site comparison study in the South Atlantic Ocean’ found no change in species composition
between a reserve closed to all commercial fishing for 40 years and unprotected fished areas.

¢ Richness/diversity (2 studies): One site comparison study in the South Atlantic Ocean’ found
no difference in overall fish diversity between a protected area closed to all commercial fishing
for 40 years compared to unprotected fished areas. One before-and-after study in the South
China Sea® found that fish species richness decreased in the wider region five years after all
commercial fishing was banned in two marine reserves.

POPULATION RESPONSE (7 STUDIES)

e Abundance (7 studies): Two of four site comparison studies (one replicated, one before-and-
after) in the Mediterranean Sea', Indian Ocean*, South Atlantic Ocean” and the Gulf of Mexico®
found that in protected areas prohibiting all commercial fishing for five years* and 40 years’ there
were higher abundances of three of 12 commercially targeted and non-targeted fish
species/groups* and one of four commercially targeted fish species’, compared to unprotected
fished areas. One study® found mixed effects on fish densities 30—40 years after banning all
commercial fishing, varying with level of commercial exploitation, and higher abundances of five
of five commercially exploited species. The other study! found there was no increase in white
seabream and gilthead bream biomass 2-13 years after closure compared to an unprotected
fished area, but it was lower than a no-take area protected for over nine years. One before-and-
after, site comparison study in the Tasman SeaZ found that most fish species in an estuary in a
marine reserve had a lower abundance two years after it was closed to all commercial fishing
than before, as did one of two reference sites in unprotected adjacent estuaries. One before-and-
after study in the South China Seaf found that in the five years after the creation of two marine
reserves with limits on commercial fishing activity, overall fish density in the nearby wider region
increased. One replicated, site comparison study in the Tasman Sea8 found that in areas of a
marine reserve closed to commercial trapping, fish abundance varied over 10 years and was
higher for some groups than others compared to reserve sites open to trapping.

e Condition (1 study): One replicated, site comparison study in the Indian Ocean# found that in
marine reserve areas banning all commercial fishing for five years, overall fish size was bigger
compared to fished areas.

BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated, controlled study in the Greenland Sea3 found that areas closed
to commercial fishing (trawling) had higher recaptures of tagged smaller immature cod than adult
cod over time compared to trawled areas, indicating they were more likely to have an increased
protection from fishing.

Background

Commercial fishing is extraction of marine organisms by any method for sale and profit.
[t is one of the most widespread human activities in our seas and oceans, and its biggest
direct impact on fish is the potential removal of huge quantities of target fish species over
large areas. Commercial fishing is done with nearly every gear type, many of which are
not highly selective, catching unwanted fish that cannot be sold and so are returned to the
sea, often dead or with reduced survival prospects (Benoit et al. 2013; Depestele et al.
2014). Ifleft uncontrolled, commercial fishing can cause depletions, or even total collapse,
of entire fish populations (Hutchings & Reynolds 2004; Dickey-Collas et al. 2010). Ceasing
or banning all commercial fishing in an area can significantly reduce the overall fishing
pressure to levels that should allow commercially targeted fish populations to recover
from over-fishing or to maintain existing healthy levels. Prohibiting commercial fishing
types may also indirectly benefit non-commercially targeted fish species by reducing
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disturbance and damage to habitats by the gears used. This intervention is often, but not
always, implemented in marine protected areas.

Evidence for similar interventions relating to the ceasing or prohibiting of commercial
fishing activity by different gear types is summarized throughout the ‘Spatial and

Temporal Management’ section.

Benoit H.P., Plante S., Kroiz M. & Hurlbut T. (2013) A comparative analysis of marine fish species
susceptibilities to discard mortality: effects of environmental factors, individual traits, and phylogeny.
ICES Journal of Marine Science, 70, 99-113.

Depestele ]., Desender M., Benoit H.P., Polet H. & Vincx M. (2014) Short-term survival of discarded target
fish and non-target invertebrate species in the "eurocutter” beam trawl fishery of the southern North
Sea. Fisheries Research, 154, 82-92.

Dickey-Collas M., Nash R.D.M,, Brunel T., van Damme C.].G., Marshall C.T., Payne M.R,, Corten A., Geffen A,
Peck M.A., Hatfield E.M.C., Hintzen N.T., Enberg K., Kell L.T. & Simmonds E.]. (2010) Lessons learned
from stock collapse and recovery of North Sea herring: a review. ICES Journal of Marine Science, 67,
1875-1886.

Hutchings J.A. & Reynolds ]J.D. (2004) Marine Fish Population Collapses: Consequences for Recovery and
Extinction Risk. BioScience, 54, 297-309.

A site comparison study in 1992-2005 of three rocky areas in the northwest
Mediterranean Sea off the coast of Spain (1) found that two to 13 years after commercial
fishing was prohibited in a partially fished zone of a marine reserve, there was no increase
in the biomass of white seabream Diplodus sargus and gilthead bream Sparus aurata
compared to an unprotected fished area. Across all years, the average biomasses of white
and gilthead bream were similar between partially fished (white: 5.9 g/m?, gilthead: 0.1
g/m?) and fished areas (white: 6.1 g/m?, gilthead: 0.2 g/m?). However, both were lower
compared to a no-take zone of the reserve, unfished for over nine years (white: 19.1 g/m?,
gilthead: 0.8 g/m?). Fish were sampled annually from 1992-2005 at three nearby sites,
up to 2 km apart: a partial reserve (angling permitted only, no collection of subtidal
animals since 1990); a fished stretch of coastline; and a no-take reserve in the Medes
Islands Marine Protected area (no extractive activities, since 1983). Numbers of fish at
each site were recorded by underwater visual transects (no further sampling details were
provided).

A before-and-after, site comparison study in 2001-2005 of a mangrove and saltmarsh
estuary in the Tasman Sea, New South Wales, Australia (2) found that two years following
closure to commercial fishing, there was a different fish assemblage and lower abundance
of most species compared to before the closure, and a similar change was found at one of
two reference sites in adjacent estuaries. The fish assemblage at the estuary closed to
commercial fishing differed before and after closure and overall abundances (mangrove
and saltmarsh habitats combined) of only two of the 12 main fish species increased, while
the rest decreased (data reported as statistical results - see original paper). The fish
assemblage at one of two reference sites in similar nearby estuaries also differed
following the closure and no change was observed at the other (data reported as
statistical results). The authors suggested that the reported decline in abundance may
have been due to an increase in predation by larger fish after the closure. Botany Bay was
closed to commercial fishing (netting and trapping) in mid-2002. Fish were surveyed at
the Towra Point Nature Reserve in Botany Bay and two nearby reference sites (no details
of fishing activity were reported), in June-August and December-February immediately
prior to (2001-2002) and two years after (2004-2005) the closure. Fish were sampled
using 4 m fyke nets set at 50 m intervals: four replicate deployments in saltmarsh habitat
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and two in mangroves/site before the closure, increased to three deployments in
mangroves after.

A replicated, controlled study in 1994-1995 of five areas of seabed in the Greenland
Sea, off northwest Iceland (3) reported that prohibiting all or some commercial fishing in
marine protected areas and other areas closed to trawling, provided more protection
from fishing for immature cod Gadus morhua, whose movement patterns indicate they
are relatively stationary, but not for the migratory adults. The spatial distribution of
recaptured cod over time was similar for all sites and tagging years, and there were no
differences between cod tagged inside protected areas compared to outside (data
reported graphically). However, there were clear seasonal and size-based differences
over time, and the proportion of small cod recaptured at sizes <55 cm was lower for the
area with the highestlevel of protection from fishing (4-9%) than most of the fished areas
(7%, 21% and 25%), and the other marine protected area (15%). In addition, for small
cod but not large cod, distance from areas of higher fishing intensity may also have
influenced recapture patterns. Tagging surveys took place within five areas in July 1994
and June 1995 using two types of conventional tags. A total of 5,173 small cod (40-54 cm)
were tagged in five areas: a marine protected area closed permanently to commercial
fishing since 1993 (1,687 cod); a protected area closed to otter trawling and longlining
since 1993, but open to a seasonal fishery (Oct-Mar) since 1997 (572 cod); two nearby
inshore areas closed to trawling (1,916 cod); and one nearby area with no fishing
restrictions (998 cod). Data on cod recaptures were analysed from a subset (224, anchor
tags only) of the 719 (14%) tag returns made by fishers to the Marine Research Institute
from 1994-2000. Most recaptured fish (78-94%, depending on tagging area) were caught
in the first 3 years after tagging.

Areplicated, site comparison study in 2005 of five coral reef sites in the Indian Ocean,
off the coasts of South Africa and Mozambique (4) found that five years after prohibiting
commercial fishing in partially protected areas of two marine reserves, there was an
increased abundance of three of 12 commercially targeted and non-targeted fish
species/groups, compared to unprotected fished areas, and overall, fish were larger.
Average abundance was higher in the partially fished areas than openly fished areas for
groupers Epinephelinae spp. (0.7 vs 0.3 fish/count), yellow-edged lyretail Variola louti
(0.3 vs 0.1 fish/count) and butterflyfish Chaetodontidae (3.2 vs 2.6 fish/count). Similar
abundances between areas were recorded for snappers Lutjanus spp. (0.3 vs 0.5
fish/count), two-spot red snapper Lutjanus bohar (0.1 vs 0.0 fish/count), emperorfish
Lethrinidae (0.1 vs 0.0 fish/count), surgeonfish Acanthuridae (6.2 vs 10.0), goldbar
wrasse Thalassoma hebraicum (2.3 vs 1.9 ), grunts Plectorhinchus spp. (0.1 vs 0.2) and
parrotfish Scaridae (1.1 vs 1.3). In partially fished areas abundances were lower than in
openly fished areas for green jobfish Aprion viriscens (0.0 vs 0.3 fish/count) and jacks
Caranx/Carangoides spp. (0.3 vs 2.1 fish/count). Average fish size (reported a
standardised measure) was higher in partly fished (58) than openly fished areas (48). In
April 2005, fish were sampled at four partly protected areas (limited non-
commercial/non-trawl fishing types and diving permitted, next to no-take reserve areas)
of two adjacent marine reserves (designated 1999), and at five openly fished sites outside
the reserves (two adjacent and three >200 km away). At each site, divers counted selected
fish species >7 cm in length, along two replicates of bisecting transect pairs 25 m long and
5m wide. Point counts (22-32) were also conducted at each site in a 5 m radius, separated
by 20 m. Data were analysed for seven coral-dominated sites (three part protected and
two open).
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A before-and-after, site comparison study in 1999-2011 of a large managed reef area
in the Gulf of Mexico, Florida, USA (5) found that fish densities in an area of a marine
reserve where commercial fishing had been prohibited for over 30 years, varied with level
of commercial exploitation over a ten-year period and immediately following conversion
of half of the area to no-take (no fishing), and abundances of five of five commercially
exploited species were greater compared to adjacent openly fished areas. For five of five
commercially targeted fish, increases in density were detected in 2-7 surveys (out of 7)
in the non-commercially fished area and there were no decreases, while in the fished
areas an increase in density was detected in one of four surveys and density decreased in
two to three. For 11 non-target fish species, five species collected for the aquaria trade
and two protected groupers Epinephelus spp., changes in density fluctuated between
years in both areas (see paper for species individual data). In addition, adult percentage
abundances of the five commercial species increased overall in the non-commercially
fished area from baseline levels (1999-2000) of 49-71% to 54-87% in 2008-2010 (a
year after half of the area was made no-take), while abundances in openly fished areas
showed overall decreases (1999-2000: 9-27%, 2008-2010: 1-23%). Fish were
monitored in two areas of the Dry Tortugas region with different levels of management
protection: Dry Tortugas National Park (~320 km?, fishing prohibited except hook and
line angling since the 1960s; half of the area designated as no-take in 2007) and an area
with open access to commercial and recreational fishing. Both areas were adjacent to
other no-take reserves. Baseline fish surveys were done in 1999-2000 (two surveys) and
monitoring surveys every one or two years from 2002-2011 (seven surveys in non-
commercially fished and four in fished areas). A total of 8,106 diver visual counts were
done in a two-stage stratified random sampling design. Numbers of reef fish were
recorded in randomly selected circular plots 15 m in diameter.

A before-and-after study in 1994-2005 of a large area of soft, shelly mud seabed in
the South China Sea, Hong Kong, China (6) found that after prohibiting commercial fishing
in two protected marine reserves as mitigation for a large-scale land reclamation project,
fish species composition in the wider region changed, overall fish density increased but
species richness decreased, in the five years after implementation. Fish species
composition changed in the period after both reserves were established (2001-2005)
compared to before (1994-1999) (data reported as graphical analysis). Fish densities in
the region were higher overall after both reserves were established than before (after:
97,000-280,000 fish/km?, before: 11,000-12,000 fish/km?), but peaked in 2003 before
declining in 2004 and 2005. Over the same period, fish species richness decreased (after:
84-103, before: 127-140 species). Between December 1992 and early 1996, a huge
coastal development to reclaim 9.4 km? of land from the sea north of Lantau Island was
completed in the study area. To reduce impacts on dolphin habitats, two nearby and
adjacent marine reserves (12 km2 and 460 km?2) were created in December 1996 and
October 1999 respectively, zones of which prohibited commercial fishing and other
human activities. Fish were sampled at 1-6 sites/survey in an area up to 10 km from the
reclaimed land by beam trawl (total 882 deployments), annually from 1994-1995 and
1999-2005. Catch data from sampling sites, including one in the smaller of the reserves,
were pooled for each year.

A site comparison study of an area of reef, sand and kelp in the South Atlantic Ocean,
off the coast of South Africa (7) found that prohibiting commercial fishing in a marine
protected area for 40 years increased the abundance of one of four commercially targeted
fish species compared to unprotected fished areas outside, but did not increase overall
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fish diversity or change species composition. Average abundance was higher inside the
non-commercially fished area than outside for hottentot Pachymetopon blochii (inside:
5.0, outside: 2.6 max. number) and was similar between areas for roman seabream
Chrysoblephus laticeps (1.3 vs 0.9 max. number), panga seabream Pterogymnus laniarus
(6.7 vs 4.3 max. number) and carpenter seabream Argyrozona argyrozona (1.6 vs 1.1 max.
number). Numbers of species, diversity (Shannon-Wiener values) and overall fish species
composition were similar inside (no. species: 34, Shannon-Wiener: 1.73) and outside (no.
species: 39, Shannon-Wiener: 1.43) the non-commercially fished area. Fish were
surveyed inside and outside the Betty’s Bay Marine Protected Area (20 km2, commercial
fishing prohibited but recreational fishing allowed since 1973). Four steel baited remote
underwater video cameras were simultaneously deployed for one hour at 30 stations
within and 28 stations in adjacent areas outside the protected area. For each video
camera, all fish species and the maximum number of any species in a single frame 35 cm
off the seabed and centred on a bait canister 1 m away were recorded. The earliest the
survey took place was in 2012 but no details of sampling times were provided.

Areplicated, site comparison study in 2002-2012 of eight rocky coral reef sites in the
Tasman Sea, New South Wales, Australia (8) found that in areas of a marine park where
commercial trapping was prohibited, there was a higher abundance of some fish species
or groups over a 10 year period following implementation, compared to park areas open
to commercial trapping. Abundances varied between years, but overall average
abundances of two of 10 targeted fish species/groups and one of two non-targeted groups
were higher at non-commercially fished areas than commercially fished areas, one
targeted species was lower and the rest were similar between areas (data reported as
statistical results and presented graphically for some species only). Fish assemblages
were monitored annually in 2002-2007, 2009 and 2012, at eight sites, in the Solitary
Islands Marine Park: two sites in each of two management areas where recreational
fishing but no commercial fish trapping was permitted (>200 ha); and four sites in areas
where commercial trapping and recreational fishing were permitted. The park was
originally designated in 1991 and rezoned in 2002. At each site, fish were surveyed by six
underwater visual transects (125 m?) and three replicate five-minute timed-swim counts
(250 m2).

(1) Rius M. & Zabala M. (2008) Are marine protected areas useful for the recovery of the Mediterranean
mussel populations? Aquatic Conservation: Marine and Freshwater Ecosystems, 18, 527-540.

(2) Saintilan N., Mazumder D. & Cranney K. (2008) Changes to fish assemblages visiting estuarine wetlands
following the closure of commercial fishing in Botany Bay, Australia. Aquatic Ecosystem Health &
Management, 11, 441-449.

(3) Schopka S.A., Solmundsson J., Ragnarsson S.A. & Thorsteinsson V. (2010) Using tagging experiments to
evaluate the potential of closed areas in protecting migratory Atlantic cod (Gadus morua). ICES Journal of
Marine Science, 67, 1024-1035.

(4) Currie].C,, Sink K], Le Noury P. & Branch G.M. (2012) Comparing fish communities in sanctuaries, partly
protected areas and open-access reefs in South-East Africa. African Journal of Marine Science, 34, 269-281.

(5) Ault].S, Smith S.G, Bohnsack J.A., Luo J., Zurcher N., McClellan D.B., Ziegler T. A., Hallac D.E., Patterson M.,
Feeley M.W., Ruttenberg B.I., Hunt ]., Kimball D. & Causey B. (2013) Assessing coral reef fish population
and community changes in response to marine reserves in the Dry Tortugas, Florida, USA. Fisheries
Research, 144, 28-37.

(6) Tam Y-K,, Ni I-H,, Yau C,, Yan M-Y., Chan W-S,, Chan S-M. & Lu H-J. (2013) Tracking the changes of a fish
community following a megascale reclamation and ensuing mitigation measures. ICES Journal of Marine
Science, 70,1206-1219.

(7) Roberson L., Winker H., Attwood C., De Vos L., Sanguinetti C. & Gotz A. (2015) First survey of fishes in
the Betty's Bay Marine Protected Area along South Africa's temperate south-west coast. African Journal of
Marine Science, 37, 543-556.
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(8) Malcolm H.A., Jordan A, Creese R.G. & Knott N.A. (2016) Size and age are important factors for marine
sanctuaries: evidence from a decade of systematic sampling in a subtropical marine park. Aquatic
Conservation: Marine and Freshwater Ecosystems, 26, 1090-1106.

2.4 Cease or prohibit all (mobile and static) fishing gears that catch
bottom (demersal) species

o Three studies examined the effects of ceasing or prohibiting mobile and static fishing gears that
catch bottom (demersal) species in an area on marine fish populations. One study was in each of
the Greenland Sea' (Iceland), the North Pacific Ocean? (Canada) and the North Atlantic Ocean?
(USA/Canada).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (3 STUDIES)

e Abundance (3 studies): One of three replicated, controlled studies (one paired) in the Greenland
Sea', North Pacific Ocean? and the North Atlantic Ocean3 found that an area where fishing gears
targeting bottom-dwelling species had been prohibited for 15 years had higher numbers of larger
and older cod than openly fished areas3. One study’ found that fish densities in areas closed to
mobile and static bottom fish gears (trawls and longlines) for at least 11 years varied between
fish species/groups, and also with depth and temperature. The other study? found that prohibiting
mobile and static bottom fish gears (trawls and hook and line) in protected areas for 2—7 years
had no effect on fish densities compared to non-protected areas.

e Condition (2 studies): One of two replicated, controlled studies (one paired) in the Greenland
Sea' and the North Atlantic Ocean3 found that cod had better growth in areas closed for 5-15
years to mobile and static gears that targeted bottom-dwelling fish, compared to openly fished
areass. The other study' found that fish size varied between areas closed and open to bottom
fish gears (trawls and longlines) and was also affected by depth and temperature.

BEHAVIOUR (0 STUDIES)
Background

Fishing gears that target fish or invertebrate species that live and feed mostly on or near
the seabed (collectively called demersal or groundfish species) consist of a variety of
gears, both mobile and static. Mobile gears include those actively towed on or just above
the seabed by vessel, such as most types of trawls and some seine nets, and bottom seine
nets pulled or drawn in by hand or vessel. Static gears include those when deployed on or
near the bottom such as gillnets and longlines. These fishing gears not only selectively
remove target and non-target bottom-dwelling fish species or groups, but some can cause
disturbance and damage to sensitive bottom habitats, including those that fish may
depend on for activities such as spawning. Ceasing or prohibiting some or all mobile and
static fishing gears that catch bottom species in an area may protect demersal fish
communities from overexploitation, reduce fishing mortality and help to preserve
essential fish habitats.

Evidence for similar interventions relating to the use of different fishing gears to target
bottom-dwelling fish are summarized under ‘Cease or prohibit mobile fishing gears that
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catch bottom (demersal) species and are dragged across the seafloor’, ‘Cease or prohibit
fishing shellfish dredging’, ‘Cease or prohibit line fishing’ and ‘Cease or prohibit
spearfishing’. See also, ‘Establish long-term fishery closures’ and ‘Establish temporary
fishery closures’.

Areplicated, paired, site comparison study in 2004-2005 of three seabed areas in the
Greenland Sea, off the coast of Iceland (1) found that three marine protected areas closed
to bottom gears (trawls and longlines) for at least 11 years had different fish densities
and sizes of the most abundant bottom dwelling species, compared to adjacent areas
outside, but the effect of depth or temperature was stronger than level of protection.
Differences in fish density (mean log number) by size group were found inside areas
closed to bottom gears compared to outside for two of nine species/groups in the closed
area on the northwest coast, and for four of six in the other two closure areas on the
northeast coast (see paper for species individual data). In the northwest, average fish size
was similar between areas for eight of nine fish species/groups and smaller for one in the
closed area; and for the two northeast areas, three of six fish species/groups were smaller
inside one of the closure areas compared to the other and outside, and there were no
differences for the other three (see paper for species individual data). However, the
influence of temperature or depth on fish density and average size between closed and
open areas was found in many cases to be higher than the level of protection (see original
paper). Fish sampling was done by a research trawler: in August 2004 inside and outside
one protected area off the northwest coast (41 trawl deployments); and in July 2005
inside two adjacent protected areas and one unprotected area off the northeast coast (47
deployments). The protected areas were established primarily to protect small cod and
were closed to trawling and fishing with longlines in 1993 (two had been closed to
trawling since the early 1970s and 1992).

A replicated, controlled study in 2009-2011 of four seabed areas in the northeast
Pacific Ocean, off Canada (2) found that prohibiting bottom trawls as well as commercial
and recreational hook and line fishing in protected areas for two to seven years, did not
result in different densities of six of six fish species compared to outside. Densities did not
differ for quillback Sebastes maliger (inside: 0.04 fish/100 m?, outside: 0.04 fish/100 m?),
yelloweye Sebastes ruberrimus (inside 0.02 fish/100 m2, outside 0.02 fish/100 m?2),
copper Sebastes caurinus (inside 0.03 fish/100 m?, outside 0.04 fish/100 m?), lingcod
Ophiodon elongatus (inside 0.02 fish/100 m?, outside 0.03 fish/100 m?), kelp greenling
Hexagrammos decagrammus (inside 0.04 fish/100 m?, outside 0.04 fish/100 m?) and
greenstriped rockfish Sebastes elongatus (inside 0.02 fish/100 m?, outside 0.02 fish/100
m?). Areas inside and outside 35 Rockfish Conservation Areas in four regions of southern
British Columbia were surveyed 30 times by a remotely operated camera vehicle in 2009-
2011. Data were collected during daylight from paired transects 300-900 m long inside
and outside the protected areas. Fish density was calculated from fish counts and size of
surveyed area. The Rockfish Conservation Areas were established between 2004-2007
and prohibited bottom trawl fisheries and commercial and recreational hook and line
fisheries. Fisheries for invertebrates by trap and hand, and seining, gillnetting and mid-
water trawling were permitted.

Areplicated, paired, controlled study in 2007-2009 of four bottom fishing grounds
in the Gulf of Maine and Georges Bank, North Atlantic Ocean, USA (3) found that
prohibiting fishing gears that target bottom-dwelling fish (groundfish) for between five
and 15 years, resulted in higher numbers of larger and older cod Gadus morhua and
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improved growth, compared to openly fished areas. Across all sites, in areas closed to
bottom fishing gears, average cod length (inside: 55.6 cm, outside: 50.0 cm) and age
(inside: 3.3 y, outside: 2.8 y) was higher, more cod age >5 were found (inside: 47, outside:
5) and cod growth was higher (data reported as growth functions and coefficients). At
individual sites, cod length was significantly higher at two of four sites, and age at one.
From 1994-2002, five year-round closed areas (22,000 km?) were implemented in the
Gulf of Maine and Georges Bank prohibiting certain commercial bottom gears, primarily
trawls and gillnets. Other fishing activities such as recreational fishing, and scallop
dredging and longlining in special access areas was allowed. Four of the five closed areas
were sampled from late spring to early autumn 2007-2009. Cod were collected at by rod
and reel from inside (n=520) and outside (n=316) >5km away from the boundaries. Cod
length, total weight and weight of removed organs was recorded, and ages determined
from the otoliths (ear organs).

(1) Jaworski A., Solmundsson J. & Ragnarsson S.A. (2010) Fish assemblages inside and outside marine
protected areas off northern Iceland: protection effects or environmental confounds? Fisheries Research,
102, 50-59.

(2) Haggarty D.R. Shurin ].B. & Yamanaka K. L. (2016) Assessing population recovery inside British
Columbia’s Rockfish Conservation Areas with a remotely operated vehicle. Fisheries Research, 183, 165-
179.

(3) Sherwood G.D. & Grabowski J.H. (2016) A comparison of cod life-history parameters inside and outside
of four year-round groundfish closed areas in New England, USA. ICES Journal of Marine Science, 73, 316-
328.

2.5 Cease or prohibit mobile fishing gears that catch bottom
(demersal) species and are towed across the seafloor

o Ten studies examined the effects of ceasing or prohibiting mobile fishing gears that catch bottom
(demersal) species and are towed across the seafloor on marine fish populations. Two studies were
in each of the North Atlantic Ocean'8 (Canada, Portugal), the Indian Ocean31% (Tasmania, Kenya)
and the Mediterranean Sea’ . One study was in each of the North Sea? (Denmark), the Arafura Sea*
(Australia), the Coral Sea® (Australia) and the Gulf of Mexico8 (USA).

COMMUNITY RESPONSE (3 STUDIES)

¢ Richness/diversity (3 studies): Two of three site comparison studies (one replicated and
randomized, and one before-and-after) in the North Sea?, Indian Ocean? and Gulf of Mexico8
found that the number of fish species?, the fish assemblage and overall species richness and
diversity (fish and invertebrates combined)? varied between areas with different exposures to
bottom trawling, and was also dependent on bottom depth?® and habitat type®. The other study?
reported no effect of closing an area to all towed bottom fishing gears on the species richness of
bottom-dwelling fish after 10 years and compared to areas open to trawling.

POPULATION RESPONSE (8 STUDIES)
e Abundance (5 studies): Two of three replicated studies (one controlled and before-and-after,
and two site comparison) and one of two before-and-after studies (one site comparison) in the
North Sea?, Arafura Sea*, North Atlantic Ocean® and the Mediterranean Sea’-° found that ceasing
or prohibiting fishing with towed bottom gears resulted in higher total fish biomass after 15 years®,
higher biomass of adult red mullet after 14 years” and increased abundances of long-snouted,
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but not short-snouted, seahorses after one year®, compared to openly fished areas. The other
two studies?4 found that a ban on towed bottom fishing gears for five* and 10 years2 had no effect
on the abundance of bottom-dwelling fish species after closure compared to before?, or the
abundance and biomass of fish and invertebrate species (combined) compared to areas open to
towed gears/trawling®.

Reproductive success (2 studies): One of two before-and-after studies (one site comparison)
in the North Atlantic Ocean' and Mediterranean Sea’ found that after the closure of an area to all
bottom-towed fishing gears for 14 years, recruitment of young red mullet had increased’. The
other study’ found that an area closed to bottom trawling did not have higher recruitment of young
haddock seven years after closure and compared to a trawled area.

Survival (1 study): One before-and-after, site comparison study in the North Atlantic Ocean?
found that closing an area to bottom trawling did not increase the survival of young haddock
seven years after closure, and compared to a trawled area.

Condition (5 studies): One of four replicated studies (two site comparison and one randomized,
site comparison) and one before-and-after study in the Arafura Sea4, Mediterranean Sea’*, Gulf
of Mexico® and the Indian Ocean'? found that areas prohibiting bottom towed fishing gears had
larger sizes of adult red mullet 14 years after closure than before”. Two studies?1? found that the
effect on fish size of closing areas to towed bottom gears for 3-6 years' or areas with no bottom
fishing activity8 varied between individual fish groups'? and with habitat type8, compared to fished
areas. The other two*9 found that areas closed to bottom trawling for five years* and 15 years?®
had no effect on the overall size of fish and invertebrate species combined* or average fish
weight?, compared to trawled areas.

BEHAVIOUR (0 STUDIES)
OTHER (2 STUDIES)

Reduce unwanted catch (1 study): One randomized, replicated, site comparison study in the
Coral Sead found no reduction in the biomass of non-commercial unwanted catch (fish and
invertebrate discard) or in the number of ‘common’ and ‘rare’ discard species in areas closed to
trawling for seven years compared to trawled areas.

Catch abundance (1 study): One replicated, before-and-after study in the Indian Ocean'? found
that areas prohibiting beach and all other seine nets for 3-6 years found overall fish catch rates
were higher, and catch rates of individual fish groups were variable, compared to unrestricted
areas.

Background

Mobile bottom-towed fishing gears targeting demersal species (mainly various trawl
types and some seine nets) are nets that are hauled or actively towed in contact with the
seabed, usually from one or more vessels under power (and hence they are a specific
subset of general bottom/demersal fishing gears - see related interventions listed below).
Towed mobile bottom-contacting gears typically consist of a conical length of net that
gradually tapers in size from a wide opening at the front to a closed end section (codend)
that collects the catch. Towed bottom-contacting gears can be deployed over large linear
distances for extended periods of time and so can catch large quantities of fish, including
unwanted sizes and species. Because they are dragged along the seabed essential fish
habitats may be damaged along with non-target fish and organisms that fish may feed on.
They can also cause sediment disturbance that reduces water quality (Jones 1992).
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Banning mobile fishing gears that contact the seabed in an area may reduce overall fishing
mortality and the damage and disturbance affecting fish and their habitats.

Evidence for similar interventions relating to the use of towed bottom-contacting fishing
gears are summarized under ‘Cease or prohibit all (mobile and static) fishing gears that

catch bottom (demersal) species’ and ‘Cease or prohibit shellfish dredging’.
Jones ].B. (1992) Environmental impact of trawling on the seabed: a review. New Zealand Journal of Marine
and Freshwater Research, 26, 59-67.

A before-and-after, site comparison study in 1970-1994 of two areas on the Scotian
Shelf, northwest Atlantic Ocean, Canada (1) found that closure of a haddock nursery area
to mobile bottom (groundfish) fishing activity did not increase the survival or recruitment
of young haddock Melanogrammus aeglefinus in the seven years after compared to before,
and compared to a fished area. Average rate of haddock survival to age two was lower in
the closed area in the period after closure compared to before, but it did not differ in the
fished area (data presented as survival index). Conversely, trends in haddock recruitment
at age two before and after the closure were similar in both areas. Authors noted possible
causes for the effect, including continued fishing in the closure area by fixed gears, and
biological and environmental factors. In 1987, a haddock nursery area on the Emerald
and Western Banks (4,000 nm?) was permanently closed to mobile groundfish fishing
activity, whilst fixed gears were permitted until 1993 when the area was closed to all
fishing including fixed gear. The closed area was 13% of the total area of the Northwest
Atlantic Fisheries Organization haddock management unit Division 4VW. This unit was
compared with a neighbouring fished area without a closure (4X). Haddock numbers and
age data for the years 1970-1994 were taken from annual July research vessel surveys in
the two areas.

A before-and-after, site comparison study in 1981-1998 of a fjord in the North Sea,
Denmark (2) reported that prohibiting all towed bottom fishing gears in an area had no
effect on the abundance and species richness of bottom-dwelling fish in the following 10
years, and compared to open areas. Data were not statistically tested. In trawl surveys,
fish abundance (closed: 0-13 kg/30 min, open: 0-31 kg/30 min) and number of species
(closed: 4-11, open: 1-9) varied between years but no effect of the closure was detected
in either area. In set net and trap samples, catch rates were higher in the fished area
(closed: 37-486 g/fishing unit, fished: 132-915 g/fishing unit) but there was no
difference in the number of species (closed: 3-8, fished: 4-8). In 1988, a 40 km? fishing
area in the Limfjord (previously fished commercially using poundnets, trawls - types
unspecified - but most recently and extensively by mussel dredges) was closed to all
towed fishing gears (in practice however the ban was focussed on stopping mussel
dredging as little or no other towed gears were being used, static gears allowed). Fish data
was collected by two methods: annual trawl surveys from 1981-1998 in
August/September at two stations inside and two just outside the closed area; and in
1995, 1996 and 1997, experimental fishing with fixed set nets (48 deployments) and eel
traps (38 deployments) at three locations inside and three outside the closed area. Catch
rates and number of species were recorded. No fish species groups (other than demersal)
or individual species were specified.

A site comparison study in 1997 of 14 seamounts in the Indian Ocean, Tasmania (3)
reported that the number of fish species varied with historical levels of bottom trawling
intensity but was also dependent on seamount depth. Data were not statistically tested.
The total number of species of fish recorded/seamount was three for non-trawled
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seamounts, five for very lightly trawled (1-10 trawls), 12/for lightly trawled (11-100
trawls), seven for heavily trawled (101-1,000 trawls) and zero for very heavily trawled
(>1,000 trawls) seamounts. In addition, the non-trawled and very lightly trawled
seamounts were generally the deepest and therefore considered less likely to support
high species richness. In January and February 1997, fish were sampled with longlines,
traps and sleds across 14 seamounts off South Tasmania with peaks between 714-1,580
m depth (deployment numbers not given). The seamounts had been trawled at different
fishing intensities and in 1995, a temporary protected area incorporating six seamounts
with no or very low trawling was established in which the fishing industry agreed not to
trawl for a 3-year period. Trawl samples were taken inside and outside the temporary
protected area and across the different trawling intensities. Fishing intensity for the
period 1988-1996 was obtained from fisher logbook records.

A replicated, site comparison study in 1998 in the Arafura Sea off Australia (4) found
that in an area closed to bottom (prawn) trawling for five years, abundance, biomass and
size of species (fish and invertebrates combined) were typically similar to two open
trawled areas. Probability of occurrence was similar in the closed area and a nearby open
area for 81-89% of species, and for 74-85% of species between the closed area and a
nearby open area and a distant open area. Biomass was similar in the closed area and the
nearby open area for 89-94% of species and similar for 85-99% of species in the closed
area, the nearby open area and a distant open area. The average size of species was similar
between closed and open areas for 39% species. Zero to 9% of species were largest in the
closed area and 43-77% in the two open areas. Sampling was done in October 1998 in
two regions of a large area (6,648 km?) closed to trawling (types not specified) and in
1983 in an area fished and managed for a commercial prawn species. In each region three
areas, one closed to trawling and two open to trawling (near to and distant to the closed
area) were sampled by a bottom prawn trawl with 57 mm mesh net and 45 mm mesh
codend towed for 0.5 h. Three 6 x 6 nautical mile grids were sampled in each area, with
each grid sampled three times in each of four three-day sampling blocks. Full sampling
details are provided in the original study.

Areplicated, randomized, site comparison study in 1992-1993 in four areas of mixed
seabed inside the Great Barrier Reef Marine Park in the Coral Sea, Australia (5) found no
difference in the biomass of non-commercial unwanted catch (fish and invertebrate
discard) or in the number of ‘common’ and ‘rare’ discard species between areas closed to
trawling for seven years and adjacent open fished areas. Data were reported as statistical
model results. An extensive area (10,000 km?) of the Great Barrier Reef Marine Park was
closed to trawling (types unspecified) in 1985. Two surveys were carried out, one in 1992
and one in 1993. During each survey, 25 randomly selected sites were sampled at each of
four areas within the marine park, two closed areas, and two fished areas located 10 nm
away, using both a benthic dredge and a prawn trawl. A total of 156 dredges (86 in closed
areas, 70 in fished areas) and 122 trawls (68 in closed areas, 54 in fished areas) were
deployed. For each tow, discard species were collected, identified, counted, and weighed
from subsamples (amount not specified). Total weight of discard was estimated from the
subsamples. Species were either recorded as ‘common’ (found in at least 11 of the 25
sites) or ‘rare’.

A replicated, controlled, before-and-after study in 2000-2002 of 17 sites in a lagoon
in the North Atlantic Ocean, Portugal (6) found that densities of long-snouted seahorse
Hippocampus guttulatus, but not short-snouted seahorse Hippocampus hippocampus,
increased when bottom seine fishing (a mobile gear) was ceased, compared to sites where
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seining fishing effort remained constant. At sites where experimental seining was ceased
after one year, the average density of long-snouted seahorses increased to 0.07 from
0.03/m? and was higher than fished and unfished sites (0.03/m2) in both years. However,
densities of short-snouted seahorses decreased (0.02 to <0.01/m?) and were lower than
fished and unfished sites (ceased: <0.01/m?, fished: 0.02/m?2). Experimental fishing was
done in the Ria Formosa coastal lagoon in southern Portugal using a beach seine in
October 2000-October 2002. A total of 12 sites were seined each month during the first
year, but no seining was done at these sites during the second year. Three other sites were
fished monthly in both years and two sites were unfished (not seined in either year). All
sites were surveyed once each year from June-September by scuba divers using standard
underwater visual census techniques along three belt transects 30 m long and 2 m wide
(180 m2/sampling site). Sea horse species were counted, and trunk lengths recorded. Full
survey specifications are detailed in the original paper.

A before-and-after study in 1985-2005 of muddy and sandy-mud seabed in the
Mediterranean Sea, Sicily (7) found that after the closure of an area to all towed bottom
fishing gears for 14 years, adult (spawning-stock) red mullet Mullus barbatus had a higher
biomass, were larger at two of three depths and recruitment of young mullet increased,
compared to before the closure. Biomass of adult red mullet was higher at all depths after
the ban (750-4,200 g/haul) compared to before (170-650 g/haul). Average total length
of all adult red mullet was higher after the closure at the two depths >50 m, and similar
at depths <50 m (data reported as statistical model results). In addition, the number of
small fish surviving to reach a larger (fishable) size (i.e. recruitment to the fishery)
increased after the closure, and there were several recruitment events recorded
throughout the year compared to only one before the closure. In 1990, an area of 200 km?
in the Gulf of Castellammare was closed to trawl nets and all other bottom-towed fishing
gear (non-towed bottom gears and pelagic gears permitted). Red mullet data for the
periods before (1985-1986) and after (2004-2005) the closure were obtained from 35
experimental trawl survey deployments at three depth ranges (10-50, 51-100 and 101-
200 m).

A randomized, replicated, site comparison study in 2004-2005 on fishing grounds in
the Gulf of Mexico, USA (8) found that areas not exposed to bottom trawling had different
fish assemblages compared to trawled areas, and the effect on overall species diversity
and richness (fish and invertebrates) and fish size, varied with the habitat type. Overall,
the fish community structure for all three habitat types differed between non-trawled and
trawled areas (reported as statistical results). Species diversity and richness (fish and
invertebrates) differed between non-trawled and trawled areas on sand and shell
habitats, but not reef, and were higher on non-trawled shell habitat but lower on non-
trawled sand habitat. Average total length of four of the nine most important fish species
(see paper for species individual data) was higher in non-trawled areas over sand habitat
(non-trawled: 94-124 cm, trawled: 84-118 cm), and five were larger over shell (non-
trawled: 114-254 cm, trawled: 91-239 cm). Data was collected quarterly in 2004 and
2005 by standard otter trawl net for groundfish surveys at three random stations over
each habitat type (sand, shell and reef), both exposed and not exposed to bottom shrimp
trawling (as determined from annual shrimp-trawling effort data). In non-trawled areas
24 deployments (10-minute tow) were done on sand, 48 on shell and 24 on reef. In
trawled areas 21, 33 and 21 deployments were done on sand, shell and reef respectively.
All fish (144 species) and invertebrates (70 species) caught were counted, weighed and
fish lengths measured.
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Areplicated, site comparison study in 2004-2005 of three gulfs in the Mediterranean
Sea, Sicily (9) found that 15 years after bottom-towed fishing gear (commercial trawling)
was banned in an area, total fish biomass but not average fish weight was higher
compared to gulfs where trawling was permitted. The total biomass of fish was higher in
the non-trawled gulf than in the two trawled gulfs, and differences were greatest in
smaller size classes (data reported as normalised biomass spectra analyses). Average fish
weight was typically similar in non-trawled (61-89 g) and trawled gulfs (62-70 g), except
for significantly greater average weight in spring. However, more than 70% of fish above
500 g were from the non-trawled gulf. A ban on trawl nets and all other bottom-towed
fishing gear in a 200 km? area was implemented in the Gulf of Castellammare, 200 km
west of the trawled gulfs, in 1990. Fishing with static gears (trammel and gillnets) by
artisanal vessels within the trawl exclusion area continued. All gulfs were subject to the
existing country-wide ban on trawling in water <50 m. Fish surveys were carried out over
four consecutive seasons in the trawl exclusion gulf from 2004 and in the two trawled
gulfs in autumn 2004 and spring 2005. Bottom-dwelling fish were sampled with a benthic
otter trawl. At each gulf, random sampling within several 2.25 nm2areas, at three depths,
was done and lengths and weights of all fish recorded.

Areplicated, before-and-after, site comparison study in 1996-2007 of three coral reef
areas in the Indian Ocean, off Kenya (10) found that landing sites in two management
areas (with and without areas closed to all fishing) where beach and all other seine nets
had been prohibited for three to six years, had higher average fish lengths of two of five
groups, increased overall fish catch rates and varied catch rates of individual fish groups
compared to an unrestricted fishing area. Overall, average length was higher in
management areas where seine nets were eliminated than in an openly fished site for
goatfish Mullidae (managed: 19 cm, open: 13 cm) and parrotfish Scaridae (managed: 18-
19 cm, open:14 cm), and no differences were found for the other three groupings of
rabbitfish Siganidae, scavengers Lethrinidae, Lutjanidae, Haemulidae and ‘rest of catch’
(managed: 16-19 cm, open: 14-17 cm) (see paper for separate group averages). In the
period after beach seines were eliminated (2002-2007), total catch rates increased from
3.0-3.2 to 3.7-3.8 kg/fisher/day in managed areas and averaged 2.0 kg/fisher/day in the
open site. In addition, differences in catch composition were found between areas and
catch rates differed for four of the five groups with time and management regime (see
original paper for data). Fish data was collected between two and 10 days/month at 10
fish landing sites representing three different management regimes: one intensively
managed area (small-mesh beach seine nets prohibited in 2001, next to a 6 km?2 no-fishing
protected area); one moderately managed area (most seine nets prohibited in 2001, and
all seine nets in 2004, >30 km from an area closed to fishing); and one with no restrictions
on gear (seine nets the dominant gear but also hand lines, spear guns gillnets, traps and
fence nets used, 1-10 km from an area closed to fishing). Fish were categorized by the
five groups used locally to price and sell the fish. Data for the two managed areas were
collected 1996-2007 and for the open area data was collected in 2001-2007.

(1) Frank K.T., Shackell N.L. & Simon J.E. (2000) An evaluation of the Emerald/Western Bank juvenile
haddock closed area. ICES Journal of Marine Science, 57, 1023-1034.

(2) Hoffmann E. & Dolmer P. (2000) Effect of closed areas on distribution of fish and epibenthos. ICES
Journal of Marine Science, 57,1310-1314.

(3) Koslow J.A., Gowlett-Holmes K., Lowry J.K,, O’'Hara T., Poore G.C.B. & Williams A. (2001) Seamount
benthic macrofauna off southern Tasmania: community structure and impacts of trawling. Marine Ecology
Progress Series, 213,111-125.

(4) Stobutzki I., Jones P. & Miller M. (2003) A comparison of fish bycatch communities between areas open
and closed to prawn trawling in an Australian tropical fishery. ICES Journal of Marine Science, 60, 951-966.
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(5) Burridge C.Y., Pitcher C.R, Hill B.J., Wassenberg T.]. & Poiner L.R. (2006) A comparison of demersal
communities in an area closed to trawling with those in adjacent areas open to trawling: a study in the
Great Barrier Reef Marine Park, Australia. Fisheries Research, 79, 64-74.

(6) Curtis J.M.R., Ribeiro ]., Erzini K. & Vincent A.C.J. (2007) A conservation trade-off? Interspecific
differences in seahorse responses to experimental changes in fishing effort. Aquatic Conservation: Marine
and Freshwater Ecosystems, 17, 478-484.

(7) Fiorentino F., Badalamenti F., D’anna G., Garofalo G., Gianguzza P., Gristina M., Pipitone C., Rizzo P. &
Fortibuoni T. (2008) Changes in spawning-stock structure and recruitment pattern of red mullet, Mullus
barbatus, after a trawl ban in the Gulf of Castellammare (central Mediterranean Sea). ICES Journal of
Marine Science, 65, 1175-1183.

(8) Wells R.J., Cowan Jr. ].H. & Patterson III W.F. (2008) Habitat use and the effect of shrimp trawling on fish
and invertebrate communities over the northern Gulf of Mexico continental shelf. ICES Journal of Marine
Science 65,1610-1619.

(9) Sweeting C.J., Badalamenti F., D'Anna G., Pipitone C. & Polunin N.V.C. (2009) Steeper biomass spectra of
demersal fish communities after trawler exclusion in Sicily. ICES Journal of Marine Science, 66, 195-202.
(10) McClanahan T.R. (2010) Effects of fisheries closures and gear restrictions on fishing income in a Kenyan

coral reef. Conservation Biology, 24, 1519-1528.

2.6 Cease or prohibit shellfish dredging

e One study examined the effects of ceasing or prohibiting shellfish dredging on marine fish
populations. The study was in the North Sea' (Denmark).

COMMUNITY RESPONSE (1 STUDY)
¢ Richness/diversity (1 study): One before-and-after, site comparison study in the North Sea'
reported that 10 years after mussel dredging ceased in an area closed to all towed fishing gears
there was no change in species richness of bottom-dwelling fish compared to before and to open
areas.

POPULATION RESPONSE (1 STUDY)
e Abundance (1 study): One before-and-after, site comparison study in the North Sea', reported
that ceasing mussel dredging in an area closed to all towed gears had no effect on the abundance
of bottom-dwelling fish after 10 years, and compared to open areas.

BEHAVIOUR (0 STUDIES

Background

Dredging is done to harvest edible shellfish species (e.g. mussels, clams, scallops, crabs)
and is undertaken globally and involves towing a dredge along the seabed. Towed
shellfish dredges are usually constructed from a heavy metal frame covered with chain
mesh and they vary in size and design depending on the target species. Because of their
heavy construction and deployment on the seabed, dredges can cause considerable
disturbance, reducing water quality and damaging the seabed, and this has been blamed
for decreases in catches of fish (Hoffmann & Dolmer, 2000). They may also capture or
damage small unwanted fish. Inside areas where dredging is prohibited, its indirect
(disturbance) and direct (fishing mortality) effects on fish are removed, although fishing
using other methods may still impact the fish species and populations.
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For a related intervention, see ‘Cease or prohibit mobile fishing gears that catch bottom

(demersal) species and are dragged across the seafloor”.
Hoffmann E. & Dolmer P. (2000) Effect of closed areas on distribution of fish and epibenthos. ICES Journal
of Marine Science, 57, 1310-1314.

A before-and-after, site comparison study in 1981-1998 of a fjord in the North Sea,
Denmark (1) reported that prohibiting all towed fishing gears (mainly mussel dredges)
in an area had no effect on the abundance and species richness of bottom-dwelling fish in
the following 10 years, and compared to open areas. Data were not statistically tested. In
trawl surveys, fish abundance (closed: 0-13 kg/30 min, open: 0-31 kg/30 min) and
number of species (closed: 4-11, open: 1-9) varied between years but no effect of the
closure was detected in either area. In set net and trap samples, catch rates were higher
in the fished area (closed: 37-486 g/fishing unit, fished: 132-915 g/fishing unit) but there
was no difference in the number of species (closed: 3-8, fished: 4-8). In 1988, a 40 km?
mussel Mytilus edulis fishing ground in the Limfjord was closed to all towed fishing gears
(to prohibit mussel dredging as the only towed gears in use) and only static fishing gears
allowed. Fish data was collected by two methods: annual trawl surveys from 1981-1998
in August/September at two stations inside and two just outside the closed area; and in
1995, 1996 and 1997, experimental fishing with fixed set nets (48 deployments) and eel
traps (38 deployments) at three locations inside and three outside the closed area. Catch
rates and number of species were recorded. No fish species groups (other than demersal)
or individual species were specified.

(1) Hoffmann E. & Dolmer P. (2000) Effect of closed areas on distribution of fish and epibenthos. ICES
Journal of Marine Science, 57, 1310-1314.

2.7 Cease or prohibit mobile midwater (pelagic) fishing gears

e One study examined the effects of ceasing or prohibiting fishing with towed (mobile) midwater
fishing gears on marine fish populations. The study was in the Norwegian Sea'! (Norway).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, before-and-after study in the Norwegian Sea' found that
in the five years after the use of drift nets was prohibited, there were more young salmon returning
to rivers than before, and similar numbers of older multi-returning salmon.

e Condition (1 study): One replicated, before-and-after study in the Norwegian Sea' found that in
the five years after drift netting was prohibited in an area, the weights of young salmon returning
to rivers were higher than before, and weights of older salmon were similar or lower.

BEHAVIOUR (0 STUDIES)
Background

Mobile midwater (pelagic) fishing gears are nets deployed in the water column above the
seabed, typically used to catch pelagic fish species such as herrings Clupeidae, tunas
Thunnus spp. and salmon Salmonidae. They include midwater trawls and semi-mobile
gears such as purse seines, ring nets and pelagic drift nets. Mobile pelagic gears are
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generally considered less damaging to seabed habitats than towed bottom fishing gears
as they do not purposefully contact the seabed and thus the impact is reduced. However,
they are still capable of catching large numbers of fish of both target and non-target
species, and accidental contact with seabed features may still occur. Ceasing or
prohibiting fishing with mobile pelagic fishing gears may reduce overall fishing effort and
fishing mortality in an area, and subsequently reduce the effects on fish populations.

A replicated, before-and-after study in 1980-1994 of four Norwegian rivers draining
to the Norwegian Sea (1) found that in the five years following a ban on drift netting in a
coastal fishery, there were increases in the catch abundance and weights of young (one-
sea winter) Atlantic salmon Salmo salar returning to rivers, but fewer changes for multi-
sea-winter salmon. In three of four rivers, overall numbers of grilse (young salmon
returning from the sea to fresh water for the first time) were higher in the five years after
the ban (after: 500-4,000, before: 80-1,200) and numbers of older, multi-sea-winter
salmon were similar (after: 50-3,200 before: 50-3,200). Average weight of grilse
increased in all four rivers (after: 1,714-2,340g, before: 1,558-1,996 g), whereas two-sea-
winter salmon weights decreased in two (after: 5,769-6,211 g, before: 6,500-6,988) and
there were no changes for three-sea-winter salmon (after: 9,075-10,764 g, before: 8,938-
10,752 g). In addition, effects of the ban on salmon populations returning to four Russian
rivers (outside of the ban area) were found for three rivers draining to the Barents Sea,
but not for one draining to the White Sea (see paper for data). A total ban on sea fishing
for salmon using drift nets was introduced in Norway in 1989, while other methods such
as bag and bend nets continued. Data on catches of salmon (mainly rod and line) for four
Norwegian rivers (Repparfjord, Alta, Namsen, Stryn) from 1980-1994 was taken from
Norwegian Official Statistics.
(1) Jensen A.J., Zubchenko A.V., Heggberget T.G., Hvidsten N.A,, Johnsen B.O., Kuzmin O., Loesnko A.A., Lund
R.A., Martynov V.G., Nasje T.F., Sharov A.F. & @kland F. (1999) Cessation of the Norwegian drift net fishery:

changes observed in Norwegian and Russian populations of Atlantic salmon. ICES Journal of Marine
Science, 56, 84-95.

2.8 Cease or prohibit all non-towed (static) fishing gears

e One study examined the effects of ceasing or prohibiting all non-towed (static) fishing gears on
marine fish populations. The study was in the Coral Sea' (Australia).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in the Coral Sea' found that in
areas closed to non-towed fishing gears overall shark abundance was higher when sampled with
longlines but not gillnets compared to areas where commercial gillnets were permitted.

e Condition (1 study): One replicated, site comparison study in the Coral Sea' found that in areas
closed to non-towed fishing gears shark length was greater for two of five species/groups, similar
for two and dependent on sampling gear for one species, compared to areas where commercial
gillnets were permitted.

BEHAVIOUR (0 STUDIES)
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Background

Fishing can impact marine fish through species removal or habitat damage from fishing
gear coming into contact with the seabed. Non-towed or static fishing gear (various types
of nets, longlines, pots and traps) are usually considered less damaging than mobile gears
(Broadhurst et al. 2006). However, they can be deployed in areas inaccessible to towed
gears and some types can catch large quantities of fish, including unwanted species and
sizes. Ceasing or prohibiting all static gears in an area can remove the direct fishing

pressure on marine fish and may reduce unwanted fish catch.
Broadhurst M.K., Suuronen P. & Hulm A. (2006) Estimating collateral mortality from towed fishing gear.
Fish and Fisheries, 7, 180-218.

A replicated, site comparison study in 2012-2014 of three coastal bays in the Great
Barrier Reef Marine Park, Coral Sea, Australia (1) found that prohibiting all non-towed
fishing gears (commercial gillnets) resulted in higher abundance of sharks
(Carcharhiniformes) than fished areas when sampled with longlines but not gillnets, and
length was greater for some species in prohibited compared to fished areas. Overall shark
abundance across bays was higher in longline samples in areas closed to gillnets
compared to open (closed: 1.8, open: 1.3/100 hook hours), but not in gillnet samples
(closed: 0.9-1.8, open: 0.6-1.4/100 m net hours). Length was greater for blacktips
Carcharhinus tilstoni/Carcharhinus limbatus and pigeye Carcharhinus amboinensis in
closed compared to open areas, and for Australian sharpnose Rhizoprionodon taylori in
longline but not gillnet samples, and similar for scalloped hammerhead Sphyrna lewini
and spot-tail Carcharhinus sorrah (data reported as statistical results). Commercial gillnet
fishing was prohibited within the Great Barrier Reef Marine Park across 38% of the total
area (date of implementation not reported), whilst being permitted in other areas. In
January 2012 - March 2013, eight 0.9 km wide transects were sampled in one closed and
one open area in each of three bays. A minimum of five longline and four gillnet samples
were done in each area and bay over four days, eight times each. In total 277 longlines
800 m long and 209 gill nets <400 m long were deployed. Sharks were identified, length
recorded then released.

(1) Yates P.M., Tobin A.]., Heupel M.R. & Simpfendorfer C.A. (2016) Benefits of marine protected areas for
tropical coastal sharks. Aquatic Conservation: Marine and Freshwater Ecosystems, 26, 1063-1080.

2.9 Cease or prohibit line fishing

e One study examined the effects of ceasing or prohibiting line fishing in an area on marine fish
populations. The study was in the Indian Ocean' (South Africa).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)
e Abundance (1 study): One site comparison study in the Indian Ocean' found that prohibiting
offshore line fishing and all other boat-based fishing in a zone of a marine protected area resulted

54



in higher abundances of four of four fish species over-exploited by line fishing, compared to two
zones where boat-based line and spear fishing was permitted.

e Condition (1 study): One site comparison study in the Indian Ocean' found that in a zone of a
marine protected area closed to offshore line fishing and all other boat-based fishing for two to
seven years, four of four fish species over-exploited by line fishing were larger, compared to two
zones where boat-based line and spear fishing was permitted.

BEHAVIOUR (0 STUDIES)
Background

Commercial line fishing is catching fish using the relatively simple equipment of a cord
(fishing line) attached to a hook. Commercial lines vary in construction material and
thickness and range in configuration from a single line with several hooks to hundreds or
even thousands of hooks attached to one main line (longline) in groups via shorter lines.
Hooks are baited with animal or synthetic substances to attract the fish and can be
deployed anywhere in the water column or on the seabed depending on the habit of the
species being targeted. Although a less destructive fishing technique compared to some
others, line fishing can lead to over-fishing, particularly in shallow coastal waters where
intensity can be high. In addition, longlines can be responsible for high levels of unwanted
fish catch as well as incidentally capturing other marine animals and birds. The control or
elimination of line fishing in an area may help reduce fishing pressure and unwanted
catch and mitigates the effects of removal of target species and sizes.

A site comparison study in 2006-2011 of four coral reef sites in a marine protected
area in the Indian Ocean, South Africa (1) found that two to seven years after closing a
zone to offshore line fishing and all other vessel-based fishing (including spearfishing),
there was a higher abundance and larger size of four coral reef fish species, compared to
two adjacent zones where boat-based line and spear fishing was permitted. For all years,
individual catch rates of four of four species were higher inside the zone closed to line
fishing and other vessel-based fishing than in the zone permitting offshore line and spear
fishing: slinger Chrysoblephus puniceus (3.1 vs 0.8 fish/angler/h), Scotsman Polysteganus
praeorbitalis (1.2 vs 0.3 fish/angler/h), poenskop Cymatoceps nasutus (0.4 vs 0.2
fish/angler/h) and yellowbelly rockcod Epinephelus marginatus (0.6 vs 0.1
fish/angler/h); and average lengths were higher (slinger: 293 vs 240, Scotsman: 415 vs
359, poenskop: 417 vs 380, rockcod: 495 vs 435 mm). The Pondoland Marine Protected
Area (800 km?) was designated in 2004 and has a central ‘no-take area’ (400 km?) closed
to all offshore (vessel based) exploitation and two adjacent controlled fishing areas where
offshore line fishing and spearfishing are permitted. No commercial fishing, such as
trawling or long-lining, is permitted anywhere in the protected area. From April 2006 to
June 2011, quarterly research angling was conducted at two sites in the no-take zone and
two in the nearby exploited zone (6 h angling in each zone) at 10-30 m depth. Data were
analysed for four species depleted by line fishing.

(1) Maggs J.Q., Mann B.Q. & Cowley P.D. (2013) Contribution of a large no-take zone to the management of
vulnerable reef fishes in the South-West Indian Ocean. Fisheries Research, 144, 38-47.
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2.10 Cease or prohibit spearfishing

o Five studies examined the effects of ceasing or prohibiting spearfishing in an area on marine fish
populations. Two studies were in the Mediterranean Sea2* (France, Corsica). One study was in each
of the Tasman Sea® (Australia) and the Indian Ocean# (South Africa). One study was a review of
marine reserves around the world".

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (4 STUDIES)

e Abundance (4 studies): Two of three site comparison studies in the Mediterranean Sea?, the
Tasman Sea® and the Indian Ocean* found that prohibiting spearfishing, and line fishing?, in
protected areas increased the abundances of European seabass and gilthead seabream? and of
coral reef fish species*, compared to protected and unprotected fished areas, after two to seven
yearst. The other study3 found that fish densities differed between spearfished and non-
spearfished areas after 10-12 years, and was affected by depth and/or fish size. A review of reef
marine reserves around the world! reported that two non-spearfished reserves in the
northwestern Atlantic had more snappers and grunts after two years in one, and higher densities
of reef fish, including snappers and grunts after 20 years in the other, compared to nearby fished
reefs.

e Condition (3 studies): Two site comparison studies in the Mediterranean Sea? and the Indian
Ocean* found that prohibiting spearfishing, and linefishing#, in marine protected areas resulted in
larger European seabass? and coral reef fish species*, compared to protected and unprotected
fished areas, after two to seven years?. A review of global reef marine reserves' reported that
reef fish were larger in one reserve in the northwestern Atlantic that had banned spearfishing for
20 years, compared to nearby fished reefs.

BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Commercial catch abundance (1 study): One replicated, site-comparison study in the
Mediterranean Sea® found that prohibiting spearfishing in specific zones of a marine reserve
resulted in higher commercial and recreational fishery catches of targeted common dentex
compared to zones that allowed spearfishing and areas outside the reserve after one to three
years.

Background

Spearfishing is a technique of hunting fish underwater, historically with sharpened or
barbed sticks, but in current times often using powered metal spearguns. Spearfishing is
done by free diving, snorkelling or scuba diving and is one of the few fishing techniques
where each target fish is individually selected, and unwanted catch is virtually nil.
However, spearfishing is widely used, is an effective and efficient method of harvesting
fish and activities may be concentrated at habitats such as reefs. In heavily targeted areas,
local fish populations can be severely depleted (Dulvy & Polunin 2004; Godoy et al. 2010)
or may suffer other impacts related to the removal of particular sizes or sexes of fish
(Alonzo & Mangel 2004). Spearfishing activity is managed throughout the world with a
wide range of restrictions ranging from complete bans to prohibiting the use of scuba or
spearguns or allowing only recreational spearfishing. Prohibiting spearfishing may often
be implemented in marine protected areas with the aim of preventing localised
overfishing or selective removal of parts of the fish population.
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Alonzo S.H. & Mangel M. (2004) The effects of size-selective fisheries on the stock dynamics of and sperm
limitation in sex-changing fish. Fishery Bulletin, 102, 1-13.

Dulvy N. & Polunin N. (2004) Using informal knowledge to infer human-induced rarity of a conspicuous
reef fish. Animal Conservation, 7, 365-374.

Godoy N, Gelcich S., Vasquez J.A. & Castilla J.C. (2010) Spearfishing to depletion: evidence from temperate
reef fishes in Chile. Ecological Applications, 20, 1504-1511.

A review in 1993 of studies of reef marine reserves (1) reported that prohibiting
spearfishing in two areas in the north Atlantic Ocean/Gulf of Mexico, off the Florida Keys,
USA, resulted in increased abundance of targeted snappers and grunts (species not given)
two years after closure, and higher densities and larger lengths of several reef fish,
including snappers and grunts after 20 years, compared to nearby fished reefs. Two years
after spear fishing was prohibited, abundance of snappers and grunts at Looe Key Reef
marine sanctuary increased by 93% and 439% respectively, and in addition, several
previously absent species also appeared in the prohibited area which were rare in fished
areas. Data for the densities and lengths of reef fish in the Key Largo National Marine
Sanctuary 20 years after spearfishing was prohibited were not provided. Eleven case
studies of reef marine reserves across the world were reviewed (search/selection
method not reported); two had evidence for the effects of prohibiting spearfishing.

A site comparison study in 1995 of coastal waters in the Mediterranean Sea,
southwestern France (2) found that prohibiting spearfishing in a marine reserve for an
unknown number of years, resulted in higher abundance and greater length of European
seabass Dicentrarchus labrax and higher abundance of gilthead seabream Sparus aurata,
compared to unprotected fished areas. Average abundance of both species was higher
inside the reserve (seabass: 3.9 fish/400 m, bream: 0.7 fish/400 m) than outside (seabass:
0.7 fish/400 m, bream: 0.1 fish/400 m). Average length of seabass was higher inside the
reserve (381 mm) compared to outside (212 mm). In addition, average length of gilt head
bream was lower inside the reserve (379 mm) than outside (400 mm), but this was not
tested statistically due to low sample size outside of the reserve. Data were collected in
July 1995 over 26 km of coastline with varied habitat types from Cape Bear to Terrimbau
Bay. In the centre is the Banyuls-sur-Mer marine reserve (10 km), where spearfishing was
banned throughout (year implemented not reported), but other fishing practices were
allowed. Snorkellers counted and recorded lengths of all seabass and gilthead bream
along 64 transects of 400 m within 5 m of the shore.

A site comparison study in 2002-2004 of four rocky reef areas in the Tasman Sea,
New South Wales, Australia (3) found that prohibiting spearfishing inside a marine
protected area for 10-12 years resulted in differences in the overall density of targeted
reef fishes on shallow but not deep reefs, and individual differences in density were found
for only two of seven fish species/groups compared to unprotected reference areas, and
the effect varied with fish size. The densities of all sizes of commonly harvested fish
differed between protected and non-protected areas at shallow but not deeper depths
(data reported as statistical results). Abundance of legal sized (>200 mm), but not small
red morwong Cheilodactylus fuscus was higher inside the reserve than outside at both
shallow (1.3 vs 0.3/200 m2) and deep (2.8 vs 1.2/200 m2) reefs, and abundance of legal-
sized (>200 mm) yellowfin bream Acanthopagrus australis was higher inside than outside
at shallow reefs (0.7 vs 0.3/200 m?2) but similar at deep reefs (0.2 vs 0.1/200 m2). There
were no effects of protection on densities of five other groups (see paper for details of
groups), but there were differences with depth and sampling time (data reported as
statistical models). Spearfishing was banned in January 1992 at the Gordons Bay area (0.1
km?) of the Bronte-Coogee Aquatic Reserve. Recreational line fishing and collection of
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rock lobsters and bait weed were permitted but eastern blue groper Achoerodus viridis
may not be taken by any method. Between November 2002-2004, fish were sampled six
times by underwater visual census at one location within the reserve and three reference
areas outside (10-80 km away). At each location and at two depths (<3.5 m and 4-12 m),
five replicate 40 x 5 m transects were surveyed.

A site comparison study in 2006-2011 of four coral reef sites in a marine protected
area in the Indian Ocean, South Africa (4) found higher abundance and larger size of four
coral reef fish species in a zone closed to offshore (vessel-based) spearfishing and all
other vessel-based fishing, compared to edge zones where only offshore spear and line
fishing is permitted. Individual catch rates were higher inside the no-take zone than the
fished zone for all four species in each year: slinger Chrysoblephus puniceus (3.1 vs 0.8
fish/angler/h), Scotsman Polysteganus praeorbitalis (1.2 vs 0.3 fish/angler/h), poenskop
Cymatoceps nasutus (0.4 vs 0.2 fish/angler/h) and yellowbelly rockcod Epinephelus
marginatus (0.6 vs 0.1 fish/angler/h), and average lengths were also higher (slinger: 293
vs 240, Scotsman: 415 vs 359, poenskop: 417 vs 380, rockcod: 495 vs 435 mm). In
addition, three of the four species (slinger, Scotsman, rockcod) showed increases in size
over time (data not tested statistically). The Pondoland Marine Protected Area (800 km?)
was designated in 2004 and comprises a central ‘no-take area’ (400 km?) closed to all
offshore (vessel based) exploitation. On either side of the no-take zone are two controlled
fishing areas where offshore line fishing and spearfishing are permitted. No commercial
fishing, such as trawling or long-lining, is permitted anywhere in the protected area. From
April 2006 to June 2011, quarterly research angling was conducted at two sites in the no-
take zone and two in the nearby exploited zone (6 h angling in each zone) at 10-30 m
depth. Data were analysed for four species depleted by line fishing.

A replicated, site-comparison study in 2000-2012 of mixed bottom (rock, sand and
seagrass Posidonia oceanica) areas inside and outside a marine reserve in the
Mediterranean Sea, off Corsica (5) found that catch rates of common dentex Dentex dentex
targeted by two different fishery types were higher in zones where spearfishing was
prohibited for one to three years, compared to a zone that allowed it and/or areas outside
the reserve. For the artisanal fishery (small commercial boats), average catch rate differed
between all three zones and was highest in the no spearfishing zones (no spearfishing:
99, general: 17, outside: 26 g/50 m net). For recreational fishing activity, average catch
rate in the no spearfishing zones was higher compared to the general zone (no
spearfishing: 355, general: 56 g/50 m net) (no catch data outside). Bonifacio Strait
Natural Reserve (79, 640 ha) was created in 1999 and has four partially protected zones
(each encompassing no-take zones) where spearfishing is prohibited but small-scale
artisanal (mainly trammel nets and longlines) and other recreational fishing (mainly
longlines and hook and line) is permitted. In the rest of the reserve (general zone)
spearfishing is allowed. A total of 962 commercial artisanal boats were sampled May-July
2000 to 2012 (except 2009) onboard or on landing, and 459 recreational boats between
March-October in 2006, 2008, 2011. Retained dentex catch was recorded by zone fished
(inside reserve: partially protected and general zones, and outside reserve), gear type,
and fishing effort.

(1) Roberts C.M. & Polunin N.V.C. (1993) Marine Reserves: Simple solutions to managing complex fisheries?
Ambio, 22,363-368.

(2) Jouvenel ].Y. & Pollard D.A. (2001) Some effects of marine reserve protection on the population structure
of two spearfishing target-fish species, Dicentrarchus labrax (Moronidae) and Sparus aurata (Sparidae),

in shallow inshore waters, along a rocky coast in the northwestern Mediterranean Sea. Aquatic
Conservation: Marine and Freshwater Ecosystems, 11, 1-9.
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(3) Curley B.G., Glasby T.M., Curley A.]., Creese R.G. & Kingsford M.]. (2013) Enhanced numbers of two
temperate reef fishes in a small, partial-take marine protected area related to spearfisher exclusion.
Biological Conservation, 167, 435-445.

(4) Maggs ].Q., Mann B.Q. & Cowley P.D. (2013) Contribution of a large no-take zone to the management of
vulnerable reef fishes in the South-West Indian Ocean. Fisheries Research, 144, 38-47.

(5) Marengo M., Culioli ].M., Santoni M.C., Marchand B. & Durieux D.H. (2015) Comparative analysis of
artisanal and recreational fisheries for Dentex dentex in a Marine Protected Area. Fisheries Management
and Ecology, 22, 249-260.

2.11 Cease or prohibit customary fishing (indigenous fishing for
cultural and community needs)

e One study examined the effects of ceasing or prohibiting customary fishing in an area, on marine
fish populations. The study was in the Bismark Sea' (Papua New Guinea).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)
e Abundance (1 study): One site comparison study in the Bismark Sea' found a higher abundance
of only one of seven fish species in an area closed to customary fishing for eight years, compared
to an area open to customary fishing.

BEHAVIOUR (1 STUDY)

e Behaviour change (1 study): One site comparison study in the Bismark Sea' found that in an
area closed to customary fishing for eight years, six of seven fish species had a lower flight
response distance compared to an area open to customary fishing, making them more vulnerable
to capture with spear guns.

Background

Customary fishing applies to indigenous communities with a traditional connection to the
area being fished and is for subsistence and cultural purposes. Customary fishing may
have different fishing rules to commercial or recreational fishing; however, the
sustainability of fish stocks is still a priority of customary fishing arrangements. In
general, the community leader(s) have the responsibility of maintaining the local fishing
laws and decisions may be made for cultural or religious reasons as well as in response
to changes in fish catches. For example, closures of areas to fishing might be implemented
if fish catches are perceived to decrease in the hope that fish might migrate into the fishing
grounds whilst maintaining a good population nearby. Measures might be temporary
(less than one year) or permanent (more than one year).

A site comparison study in 2008 at two reefs in the Bismark Sea, Papua New Guinea
(1) found that permanent closure of areas regulated by traditional fishing rights
(customary fishing) resulted in greater abundance of only one of seven species compared
to fished areas after eight years, and the flight response of six species decreased. Striated
surgeonfish Ctenochaetus striatus were more abundant inside closed areas compared to
fished areas (closed: 47, open: 25 fish/1,000 m2), but abundances of the other six species
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(orange-lined triggerfish Balistapus undulatus, Bleeker’s parrotfish Chlorurus bleekeri,
daisy parrotfish Chlorurus sordidus, yellowbarred parrotfish Scarus dimidiatus, dusky
parrotfish Scarus niger, and humpback red snapper Lutjanus gibbus) were similar (inside:
1-31, outside: 1-14 fish/1,000 m?). In addition, flight response of all but one species
(humpback red snapper) inside the closure area was shorter (closed: 131-365 cm, open:
207-551 cm) making them more vulnerable to capture by spear guns (range 1.3 to 3.1
m). Fish were surveyed on reefs off Karkar Island inside and outside one site (0.5 km?)
that at the time of the study had been closed to customary fishing (using spear guns and
hand lines as primary gear types) for 8 years, with the exception of a 2-week period
during which it was opened to fishing for a ceremonial feast (details of when sampling
took place were not reported). The community maintains a customary system of reef
management where a portion of the reefs is closed for several years when the clan chiefs
decide fish are staying out of the range of spear guns. Sampled reefs outside the closure
area had not been closed to fishing. At five locations at each site, two, 50 x 5 m belt
transects at 2-4 and 6-8 m depths were surveyed by underwater visual census. Fish flight
distance was measured by placing weighted markers on a measuring tape at the start
position of the fish and the final position after disturbance.

(1) Feary D.A,, Cinner ].E., Graham N.A.J., & Januchowski-Hartley F.A. (2010) Effects of customary marine

closures on fish behaviour, spear-fishing success and underwater visual surveys. Conservation Biology, 25,
341-349.

2.12 Allow only small-scale, traditional (artisanal) fishing

e  One study examined the effects of allowing only small-scale traditional (artisanal) fishing in an area
on marine fish populations. The study was in the Adriatic Sea’ (Italy).

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Commercial catch abundance (1 study): One site comparison study in the Adriatic Sea' found
that a marine protected area zone allowing only artisanal fishing activity for three years had higher
overall commercial catch rates of five of seven species compared to unprotected areas openly
fished.

Background

Artisanal fisheries are the commercial component of small-scale coastal fisheries mostly
practiced using traditional methods. They are particularly important in some areas such
as the Mediterranean where they constitute about 80% of the fishing fleet (Marengo et al.
2015). Artisanal fishing uses a large range of gear types and techniques but is typically
operated by a single fisher or a pair of fishers. They target a high number of species, but
the fishing methods employed are generally low technology and non-destructive.
Allowing only artisanal fishing in an area helps to regulate fishing pressure while
balancing conservation and socio-economic needs of local communities, many of whom

60



rely on marine resources. Co-management agreements involving the artisanal fishers may
also encourage compliance and may be more easily used to adapt the local fishing effort

and/or selectivity to avoid overfishing.

Marengo M., Culioli ].M., Santoni M.C., Marchand B. & Durieux D.H. (2015) Comparative analysis of
artisanal and recreational fisheries for Dentex dentex in a Marine Protected Area. Fisheries
Management and Ecology, 22, 249-260.

A site comparison study in 2005-2008 of an area of rocky and sandy seabed in the
Adriatic Sea off the southeast coast of Italy (1) found that the ‘buffer’ zone of a marine
protected area fished only by artisanal commercial fishers for three years using trammel
nets, resulted in higher catch rates of five of seven commercial fish species compared to
unprotected fished areas outside. Catch rates varied between years but were overall
higher inside the buffer zone than outside for: striped red mullet Mullus surmuletus
(inside: 5-17, outside: 1-3 kg/km net/d ); large-scaled scorpionfish Scorpaena scrofa
(inside: 5-7, outside: 0-1 kg/km net/d); peacock wrasse Symphodus tinca (inside: 2-3,
outside: 0-1 kg/km net/d); common pandora Pagellus erythrinus (inside: 1-2, outside: 0-
1 kg/km net/d) and common dentex Dentex dentex (inside: 1-2, outside: 0-1 kg/km
net/d). Common seabream Pagrus pagrus and forkbeard Phycis phycis catches were
similar (inside: 0-5, outside: 0-1 kg/km net/d). From January 2005 to July 2008, artisanal
commercial fishing catches (exclusively using trammel nets) were monitored inside the
buffer zone (1,885 ha, artisanal commercial fishing permitted since 2005 under a co-
management protocol with local fishers) and in surrounding no-take zones (352 ha) in
the Torre Guaceto Marine Protected Area (all fishing banned in the entire area from
2001-2005). Catch rates of the most important species (those contributing most to the
differences between areas) were compared from 217 deployments inside the buffer zone
and 66 outside over three years.

(1) Guidetti P., Bussotti S., Pizzolante F. & Ciccolella A. (2010) Assessing the potential of an artisanal fishing
co-management in the Marine Protected Area of Torre Guaceto (southern Adriatic Sea, SE Italy). Fisheries
Research, 101, 180-187.

2.13 Allow periodic fishing only

e One study examined the effects of allowing fishing only periodically in an area on marine fish
populations. The study was in the Coral Sea' (Vanuatu).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, paired, site comparison study in the Coral Sea' found
that protected areas fished only for short periods over an 18 month to six-year period, had greater
biomass than openly fished areas and similar fish biomass as areas permanently closed to fishing
for six years.

BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)
e Catch abundance (1 study): One replicated, paired, site comparison study in the Coral Sea’
found that protected areas only fished for short periods over an 18 month to six year period, had
higher fish catch rates than openly fished areas.
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Background

Allowing fishing activity in an area only for limited frequencies and durations (called
periodically harvested closures) is a spatial fisheries management strategy to reduce the
impacts of overfishing. They are generally locally managed, small fisheries closures that
range from being mostly closed, to mostly open to fishing and are widely implemented in
Indo-Pacific regions (Goetze 2016). The aims of periodically harvested closures range
from conservation of biodiversity to providing benefits to fisheries through increased
catches and fish productivity. Their effectiveness at increasing fish productivity may

depend on their size, duration of closure and level of compliance (Goetze 2016).
Goetze ]. (2016) The effectiveness of periodically harvested closures as a fisheries management strategy.
PhD Thesis, The University of Western Australia, 110 pp.

A replicated, paired, site comparison study in 2012 of six coral reef sites in a marine
protected area in the Coral Sea, Vanuatu (1) found that closed areas fished only
periodically for a short number of days had greater biomass and fish catch rates
compared to areas open to fishing and similar fish biomass to permanent no-take reserves
closed to fishing for at least six years. The total fish biomass was similar between
periodically fished areas (559-567 kg/ha) and no-take reserves (646-835 kg/ha) and
both were greater than fished areas (331-378 kg/ha). The biomass and abundance (data
not reported) of only one of three individual fish groups (two fishery target and one non-
target) differed between areas and was higher in no-take reserves than the other two
areas (see original paper for individual data). In addition, commercial catch rates were
higher in periodically harvested closures (4 kg/fisher/hr) than regularly fished areas (2
kg/fisher/hr). Data was collected in November-December 2012 in two regions of the
Nguna-Pele Marine Protected Area Network. Fish were surveyed by diver underwater
census at two locations, each with three adjacent management zones (8 to 16 ha): a
periodically fished area open for 1-3 days every 6 months (implemented since 18 months
to 6 years); a no-take reserve (no fishing since 2005); and an area open permanently to
fishing. At each of the six sites, divers recorded fish species and length along eight, 50 x 5
m transects, before and after harvesting in the periodically fished areas. Catch data was
collected from surveys of fishers.

(1)Januchowski-Hartley F.A., Cinner J.E. & Graham N.AJ. (2014) Fishery benefits from behavioural

modification of fishes in periodically harvested fisheries closures. Aquatic Conservation: Marine Freshwater
Ecosystems, 24,777-790.

2.14 Establish territorial fishing use rights

e  One study examined the effects of establishing territorial fishing use rights in an area on marine fish
populations. The study was in the Pacific Ocean' (Tonga).

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (0 STUDIES)

BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)
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e Reduction of fishing effort (1 study): One study in the Pacific Ocean' found that there was no
decrease in overall fishing effort in an area with new territorial fishing use rights and a co-
management system, in the five years after implementation.

e Commercial catch abundance (1 study): One study in the Pacific Ocean' found that in an area
with new territorial fishing use rights and a co-management system, total fish catch rates did not
increase and catch rates of three of six individual fish groups decreased in the first five years.

Background

Territorial fishing use rights is an area-based way of managing marine resources that
gives exclusive harvesting rights to fish in a specified area to certain groups of people.
These are usually allocated to and managed locally by groups of fishers working in a
cooperative system. They may also be part of co-management systems with the
government under national or regional frameworks. Territorial fishing use areas can be
used to control fishing mortality and enforce fisher compliance. The benefits may include
resource and habitat conservation and improved community participation and decision-
making at a local scale.

A study in 2007-2011 of reef and lagoon areas of an inhabited coral reef island in the
Pacific Ocean, Tonga (1) found that after establishing new territorial fishing rights
(exclusion of fishers from outside areas) under a new co-management system in an area,
total fish catch rates did not increase in the five years after, catch rates of half of the six
individual species groups decreased and there was no decrease in overall fishing effort.
No differences in total fish catch rates and catch rates of three of six fish groups
(Acanthuridae - Naso spp., Holocentridae, Lethrinidae) were found since implementation,
but catch rates of the remaining three (Acanthuridae - Acanthurus spp. Scaridae,
Serranidae) decreased (data reported as statistical results). In addition, no difference in
overall fishing effort was found (data reported as statistical results), but the authors
reported that this was likely to be due to reduced travel to fishing grounds further away
by resident fishers with the new exclusive rights. Co-management formally commenced
on the island of ‘O’ua (one of 170 Tongan Islands) in 2007, covering a marine area of 4,606
ha, of which 203 ha is a no-take zone. Only residents on ‘Ou’a can fish the co-managed
area, whereas before, there was access also to fishers from neighbouring islands and
small commercial vessels from the main island group. Fish catch landings (species and
weight/trip) were sampled each year between 2007-2011 (total 184 records), collected
opportunistically from individual fishers (see original paper for fishing types). Catch data
from spearfishing only was used for statistical analysis.

(1) Webster F.]J., Cohen P.J., Malimali S., Tauati M., Vidler K., Mailau S., Vaipunu L. & Fatongiatau V. (2017)
Detecting fisheries trends in a co-managed area in the Kingdom of Tonga. Fisheries Research, 186, 168-
176.

2.15 Cease or prohibit all types of fishing in a marine protected area

e Seventy-nine studies examined the effects of ceasing or prohibiting all types of fishing in a marine
protected area on fish populations. Fifteen studies were in the Indian
Ocean?25.102025,30,32,3740.4349.60.6168.70 (Kenya, Tanzania, South Africa, Mozambique, Madagascar,
multiple  African countries, Australia). Twelve studies were in the Mediterranean
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Seaq'6.172127.2834353647485271  (Spain, France, Italy). Ten studies were in the Pacific
Ocean38.14.29.33,55576476.77 (New Zealand, USA, Hawaii, New Caledonia, Costa Rica, Tonga,
Vanuatu, Solomon Islands). Seven studies were in each of the Coral Sea'!.12.1544.4546.63 (Australia,
Vanuatu), the Tasman Sea*6942697378 (New Zealand, Australia) and the Atlantic
Ocean'9.22.24.31586667 (Brazil, USA, Puerto Rico, Argentina, South Africa, UK, Canary Islands,
Portugal, Turks and Caicos Islands). Four studies were in the Philippine Sea'8.236265 (Philippines).
Three studies were in the Caribbean Sea*156.75 (Belize, Puerto Rico). One study was in each of the
Gulf of Mexico®! (USA), the Java Sea>* (Indonesia), the Pacific and Indian Oceans®® (multiple
countries), the Sulu Sea’ (Malaysia) and the North Sea’™ (Norway). Six studies were reviews of
marine reserves (New Zealand26, Latin America/Caribbean, regions unspecified’® and across the
world17.13),

COMMUNITY RESPONSE (26 STUDIES)

e Community composition (7 studies): Seven site comparison studies (two replicated, and one
before-and-after) in the Mediterranean Sea'7.2152, Indian Ocean®, Philippine Sea?3 and the
Atlantic Ocean380 found that protected areas where all fishing had been prohibited for between
three and 16 years, had a different fish community composition, compared to fished areas.

¢ Richness/diversity (22 studies): Fourteen of 20 site comparison studies (eight replicated, one
replicated and paired, and one before-and-after) in the Indian Ocean2520.304049.68 Mediterranean
Sea72834355271 Philippine Seab265, Tasman Sea*?, Atlantic Ocean®, Caribbean Sea*!, Coral
Sea* and the Pacific Ocean3?, found that marine protected areas that had prohibited all fishing
for between one to more than 25 years, had higher fish species/richness compared to fished
areas'7.20.28,30,33,34,35404146,526265.72 - Six studies?2542:49.66.68 found similar fish species/richness
between one and 20 years after all fishing was banned in protected areas, compared to fished
areas. One systematic review in the Atlantic and Pacific Oceans® found no difference in species
richness between unfished protected areas and fished areas. One replicated, site comparison
study in the Indian Ocean3” found that the effects of prohibiting all fishing on fish species
richness/diversity after 15 years varied with the sampling method used.

POPULATION RESPONSE (66 STUDIES)

e Abundance (64 studies): Thirty of 54 site comparison studies (18 replicated, eight replicated
and paired, two before-and-after, one paired and before-and-after, and one replicated and before-
and_aﬁer) in the Indian Ocean2,5,10,20,30,32,40,43,49,68,37, Atlantic Ocean19,22,24,31,38,50,58,66,67,
Mediterranean Sea'6.17.21.27.283447.485271 Pgcific Oceand685557  Tasman Sea496973  Coral
Sea'1.12154445468  Philippine Sea'8236265 Caribbean Sea#!56.75 Gulf of Mexicos!, and the Sulu
Sea’?, found that marine protected areas that had been prohibiting all fishing for up to 25 years
or more, had higher abundances (density and/or biomass) of all fish (total fish
biomass®.20.28.3240.50.55.71.72 total fish density284052.71.72) fishery targeted fish species!?.18.:21.24.51.65
non-fishery targeted fish species'®2 and all or most of the individual fish species/groups
monitored?34.9.10,16,19.27,44,4546.5057,62.67.72  except fish densities (all or most)®'” and non-fishery
targeted species’, compared to unprotected fished areas and/or partly-fished protected areas.
The studies also found that in some cases where the total fish biomass or densities were higher
in no-fished areas, the effect varied between individual groups of fish based on species
family5.2065 and/or position in the food chain?4, commercial target and non-target species®?, fish
sizesd265  depth’! and habitat types*54657, Eight studies®83149.56.586668 found that inside
protected areas prohibiting all fishing there were similar abundances of all fish49.%6.58 and all or
most of the individual fish species/groups monitored®.8.31.58.66.68  compared to fished areas
between one and 20 years after implementation. The other sixteen
studies1.12.15.22.23,30,34,37,38.41.43.47.4869.73.75 found that the effect of prohibiting fishing in protected
areas for three to 20 years on fish abundance varied between fish species or groups and on their
fished status (fishery target or non-target)!'.121573 and/or position in the food chain1.23:41.47.48.75,
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One also found that the effect varied with size or age of the protected areas®®. Five of six reviews
(three systematic) across the world'713, in the Pacific and/or Atlantic Oceans263% and in
unreported regions’ found that non-fished marine reserves with one to 27 years of protection
had higher abundances of all fish'779, all fish and invertebrates combined® and blue cod?
compared to fished areas, but there were differences between species/groups and fishing
intensity outside reserves!. The other review'? found that fish abundance varied between species
in no-take marine reserves between one and 25 years old, and was affected by food chain
position, level of exploitation and duration of protection. One replicated study in the Pacific
Ocean® found a long-term decline in the abundance/presence of eight of 12 shark and ray
species inside an established (>15 years) no-fishing protected area, however enforcement was
poor. One before-and after, site comparison study in the Pacific Ocean33, found no differences in
overall fish abundance between a marine reserve closed permanently to fishing for five years and
a closed area that was harvested for two years during the same period. One site comparison
study in the Coral Sea® found that in a no-take zone of an area protected for at least 10 years,
fish abundance of four of six fish groups were similar to no-entry and fished zones, but two had
lower abundance than the no-entry zone. One replicated, paired, site comparison study in the
Tasman Sea*2 found that in a non-fished marine park zone abundance of commercially targeted
fish was higher than partly fished zones but lower than unprotected areas after four to eight years.
Reproductive success (1 study): One site comparison study in the Mediterranean Sea3¢ found
more eggs of four commercially targeted fish species inside a non-fished marine reserve enforced
for three years than in fished areas outside the reserve.

Survival (1 study): One site comparison study in the Atlantic Ocean3! found that prohibiting all
fishing in a marine protected area for three years resulted in similar survival of red hind grouper,
compared to fished areas.

Condition (20 studies): Two global review studies’’ (one systematic) and two systematic
reviews in the Pacific Ocean? and the Atlantic and Pacific Oceans® found that prohibiting all
fishing in marine protected areas for one to 27 years resulted in larger fish overall'.7:3 and larger
blue cod?6 compared to fished areas, but there were differences between individual fish families
or species’. Eight of 11 site comparison studies (four replicated, one before-and-after, one paired,
and one replicated and paired) in the Tasman Sea*69, Pacific Ocean3, Indian Ocean0:43,
Mediterranean Sea'é, Atlantic Ocean®88, Java Sea® and the Philippine Seab?, found that non-
fished protected areas had larger fish overall*3 and larger individuals of all or most of the fish
species/groups monitored34.6.9.10.16.62 compared to fished areas, after one to 22 years. The other
three studies5458.66 found similar fish sizes of all or all but one species, compared to fished areas
one to 16 years after all fishing was prohibited. Three site comparison studies (one replicated) in
the Coral Seaf3, Caribbean Sea’® and the Atlantic Ocean?? found that fish size in protected areas
that had not been fished for six to more than 20 years, varied between fish species or food chain
groups. One site comparison study in the Atlantic Ocean3! found that red hind grouper were larger,
but had similar growth, in an area protected from fishing for three years compared to fished areas.
One site comparison study in the Atlantic Ocean8’” found that young lemon sharks in areas
protected from fishing for 20 years had similar growth rates, but lower condition, than sharks in
unprotected fished areas.

BEHAVIOUR (2 STUDIES)

Behaviour change (2 studies): One replicated, site comparison study in the Pacific and Indian
Oceans?®® found that surgeonfish and parrotfish inside established protected areas where fishing
was prohibited, showed a similar avoidance response to fishing gears as in fished areas, and this
increased with increasing fishing intensity outside the protected areas. One replicated, site
comparison study in the Indian Ocean?® found that in non-fished areas protected for one and 24
years, fish grazing rates were higher compared to fished areas.
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OTHER (15 STUDIES)

o Use (7 studies): Four of six site comparison studies in the Pacific Ocean2®77, Atlantic Ocean53
and the Tasman Sea’8 found that marine protected areas where all fishing had been prohibited
for at least five to 15 years, were used for a large proportion of time by shark and ray
species®77.78 and commercially important reef fish species?®, compared to fished areas, thus
were provided protection from fishing. Two other studies'.70 found that time spent inside areas
closed to all fishing for 20 years and over 30 years'4, varied between species and with size for
three shark species’ and with size for giant trevally'. One replicated study in the Indian Ocean8
found that most individuals of five fish species remained inside a marine reserve zone closed to
fishing over a nine-year period.

e Catch abundance (2 studies): One of two site comparison studies in the Mediterranean Sea3®
and Pacific Ocean’@ found that commercial fish catch rates in small-scale traditional fisheries
were highest closest to a marine reserve closed to all fishing for 22 years, and decreased with
increasing distance from the reserve. The other study’® found that there was no increase in fish
catch rates in commercially landed catch in the five years after a no-fishing zone was
implemented in a co-managed protected area.

e Stock biomass (1 study): One replicated, site comparison study in the Indian Oceans' found
that the stock biomass (the harvested portion of the population) of reef fish species was highest
in enforced protected areas closed to all fishing, compared to various other area management
regimes.

o Fishing mortality (2 studies): Two site comparison studies in the North Sea’ and Pacific
Ocean’” found that prohibiting fishing in protected areas resulted in reduced commercial fishing
mortality of corkwing wrasse tagged inside non-fished marine reserves compared to fished
areas’, and that the overall fishing mortality of grey reef sharks tagged inside protected areas
was low?”.

Background

Fishing can impact fish populations directly by species removal or indirectly by changes
to the food chain or damage to fish habitats from contact with fishing gears (Collie et al.
2000). Specific marine areas can be given protected status, and the human activities
undertaken within the areas managed to control potentially harmful impacts. One such
measure is to ban all types of fishing in a protected area. These areas are often known as
marine reserves or sanctuaries, or ‘no-take’ areas. Inside no-take areas, fish are protected
from fishing mortality and may allow depleted populations to recover. Fish may also
benefit from the reduction in disturbance, particularly during sensitive periods such as
spawning, and potential damage to important spawning habitats. Fish that spend a large
proportion of time inside no-take protected areas may be expected to have higher
protection from fishing mortality than longer-ranging species or individuals, and level of
protection may also depend on the size of the protected area (Chateau & Wantiez, 2009).

Evidence for similar interventions relating to prohibiting human activity, including
fishing, in marine protected areas is summarized under ‘Control human activity in a
marine protected with a zonation system of restrictions’, ‘Cease or prohibit all fishing
activity in a marine protected area with limited exceptions’ and ‘Restrict fishing activity

(types unspecified) in a marine protected area’.

Collie ].S., Hall S.J., Kaiser M.]. & Poiner LR. (2000) A quantitative analysis of fishing impacts on shelf-sea
benthos. Journal of Animal Ecology, 69, 785-798.

Chateau O. & Wantiez L. (2009) Movement patterns of four coral reef fish species in a fragmented habitat
in New Caledonia: implications for the design of marine protected area networks. ICES Journal of Marine
Science, 66, 50-55.
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A review in 1993 of 11 case studies of reef marine reserves across the world
prohibiting all types of fishing (1) reported that most had increased abundance and size
of fish between one and 15 years after protection compared to adjacent fished areas, but
there were differences between species or family groups and level of exploitation, and
with depth and fishing intensity outside the reserves. Three of four no-take reserves in
the Philippines had higher overall fish abundances than fished areas after only one year
and in one it had doubled after eight years closure (data not reported). For two reserves
in the Caribbean Sea (Belize and Netherland Antilles) established for four years, higher
fish densities and average sizes were found for a small number of species, but the biomass
of four of five commercially targeted family groups was greater (unfished: 0.1-6.0
kg/count, fished: 0.1-2.0 kg/count), however the effect differed with depth and level of
fishing intensity in adjacent fished areas. In a reserve in the Red Sea (Egypt), the effect of
prohibiting fishing for 15 years on the abundance and biomass of commercial species was
variable and for seven species where they were higher in reserves, average fish weights
increased with decreasing fishing intensity (unfished: 42-1,333 g, lightly fished: 41-678
g, fished: 19-447 g). Field studies of reserves were reviewed (search methods not
described) and results from sites throughout the tropics discussed.

A site comparison study in 1992-1994 of two protected coral reef areas in the Indian
Ocean, Kenya (2) found that prohibiting all fishing in a marine park for up to five years
resulted in higher abundances of five of six fish family groups compared to a nearby
marine reserve that permits traditional fishing types, but diversity was similar. The
abundance of two of three non-commercially fished family groups were higher at the non-
fished reef (butterflyfishes Chaetodontidae, non-fished: 52-58, fished: 23-40
fish/transect; damselfishes Pomacentridae, non-fished: 769, fished 412 fish/transect)
and wrasses Labridae were similar (non-fished: 56, fished: 52 fish /transect). Abundances
of commercially fished groups (emperors Lethrinidae, snappers Lutjanidae and groupers
Serranidae) were greater at the no-fishing reef than the fished reef (data were not
statistically tested). No differences in fish species number and diversity between non-
fished and fished reefs were found (data reported as statistical results). In September-
October 1992 and January-March 1994, visual underwater censuses (250 x 10 m
transects) of six representative reef fish families were done at a series of sites (number
was not reported) at both the Kisite Marine National Park (closed to all fishing types) and
Mpunguti Marine National Reserve (traditional fishing such as hand lining and basket
trapping only is permitted). Enforcement began in both areas in 1989.

Areplicated, site comparison study in 1997 of two areas of coralline flats in the Pacific
Ocean, northern New Zealand (3) found that protected areas where all fishing is
prohibited had a higher overall density of fish that feed on urchins Evechinus chloroticus,
and they were larger, compared to adjacent fished areas after 22 years. Data were not
tested statistically. The total number of urchin-eating fish was greater in no-fishing areas
(161) than fished (76) and they were of larger sizes (data presented as length
frequencies). Individually, the densities of four of the eight species were higher in non-
fished areas, one was the same and three had very low densities in both areas (see paper
for individual data). In December 1997, eight potential fish predators of sea urchins were
surveyed by underwater visual census (10 replicates of 25 x 5 m transects) at five sites in
Cape Rodney-Okakari Point Marine Reserve (no-take since 1975) and five fished sites in
an adjacent area.
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A replicated, site comparison study in 1997 of two areas of sand and reef in the
Tasman Sea off northeast New Zealand (4) found that prohibiting all fishing in two
adjacent marine reserves established for 15 and 22 years, resulted in an increased
abundance and size of snapper Pagrus auratus compared to adjacent fished areas outside
the reserves. Across both reserves, abundances of snapper above the minimum legal
length (270 mm) were higher in no-take reserves than fished areas (no-take: 2-5 fish/30
min, fished: <1 fish/30 min) and average total length was greater (no-take: 327 mm,
fished: 191 mm). Snapper, as the most abundant predatory fish, were surveyed in October
and November 1997 at two no-take reserves: the Leigh Marine Reserve (549 ha,
established 1975) and Tawharanui Marine Park, 15 km to the south (350 ha, established
1982). Maximum numbers and estimated length of snapper responding to remotely
deployed baited video camera deployments of 30 minutes were recorded. Four replicate
deployments were made at six sites inside and six outside the Leigh reserve, and three
both inside and outside Tawharanui (72 deployments of 30 mins at 16-24 m depth).

A replicated, site comparison study in 1996 of fifteen patch coral reef sites in the
Indian Ocean off east Africa (5) found that prohibiting all fishing in two marine parks for
5 and 22 years resulted in higher total fish biomass and similar fish densities and total
species richness compared to unprotected fished reef areas, and there were differences
between individual fish family groups. Across both parks, total fish biomass was higher
at non-fished (806 kg/ha) than fished (230kg/ha) reefs and individually for seven of
eleven fish groups (see paper for data by group). There were no differences in average
densities of eight of eight fish groups between non-fished and fished reefs (non-fished: 0-
317 fish/500 m?, fished: 0-609 fish/500 m?2), although higher densities were recorded in
non-fished reef areas for 26 of 134 individual species and a lower density for one. Overall
species richness was similar at non-fished (40-50 fish/500m?) and fished (28-39
fish/500m?) reefs, and higher at non-fished reefs for four of eight family groups (see
paper for data by group). Fish were surveyed at five non-fished and ten fished coral reefs
sites off southern Kenya and Tanzania (sampling times were not reported). Three non-
fished reefs were in the Kisite Marine National Park (10 km?, no-take since 1974) and two
in the Chumbe Island Coral Park (500 m stretch of reef, no-take since 1991). At each reef
site the fish assemblage was quantified along two 5 x 100 m transects by two methods:
one to estimate wet weight by family group and one to record the number of individuals
per species and the number of species per transect. The authors used a non-standard
threshold for statistical significance (0.07).

A site comparison study in 1997-1998 of an area of rock and cobble in the Tasman
Sea, South Pacific Ocean, off New Zealand (6) found that prohibiting all fishing activity for
4 years in a marine reserve did not result in higher overall abundances of blue cod
Parapercis colias compared to adjacent fished areas outside, but blue cod inside the
reserve were larger. Numbers of blue cod were similar inside the reserve (44
fish/transect) to fished areas (41 fish/transect) at all depths except 20 m. However, the
lengths of blue cod inside the reserve were on average 4 cm longer (20-40 cm) than those
found in commercially fished areas (21-25 cm). Blue cod were surveyed five times
between January 1998 and 1999, at two sites inside the Long Island-Kokomohua Marine
Reserve, Marlborough Sounds (619 ha, established as no-take in 1993) and two adjacent
(2-4 km apart) fished sites where commercial fishing for blue cod is prohibited but
recreational fishing effort can be high. At each site, numbers of cod were recorded during
four minute-long diver visual censuses at depths of 5, 8, 11, 14, 17 and 20 m. At each
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depth, lengths of blue cod were estimated in two-minute time intervals, along a 2 m wide
transect.

A systematic review in 2000 of 24 studies of marine reserves across the world (7)
found that overall fish abundance was higher, and fish were larger, inside no-take (all
fishing types prohibited) reserves with 1 to 26 years of protection, compared to fished
areas outside reserves. Overall fish numbers were on average 3.7 times higher inside non-
fished reserves than outside. Abundances of fishery targeted species were higher in non-
fished reserves than fished areas outside, but non-target species abundance was similar
(data reported as statistical model results). Across all species, the effect of protection
status (non-fished versus fished) on abundance depended on fish body size; the largest
species were over 300% more abundant inside reserves and the effect increased with
body size (data reported as model results). The systematic review used data from 24
studies to assess the effects of banning fishing in marine reserves. Twelve of the studies
met the criteria for quantitative meta-analysis, the other 12 studies were not included in
the meta-analysis.

A replicated, site comparison study in 1998 of eight rocky and sandy sites in the San
Juan Archipelago, northwest Pacific Ocean, USA (8) found no differences in the
abundances of copper rockfish Sebastes caurinus, quillback rockfish Sebastes maliger,
China rockfish Sebastes nebulosus and lingcod Ophiodon elongatus between three marine
research areas established for eight years where all fishing was prohibited, two areas
protected for one year where only fishing for salmon was permitted, and sites open to
fishing. Fish abundance data were not provided (reported as statistical results). The
authors suggest the lack of increase in fish abundances inside protected areas was likely
due to alack of compliance and enforcement of the restrictions. In July 1998, three marine
research reserves (established in 1990 and prohibiting all extractive activities except
controlled research collection; sea urchin fishery closed since the late 1970s), two marine
protected areas (designated in 1997; voluntary no-take zones where no finfish except
salmon can be taken), and three unprotected areas were surveyed. Two divers identified
and counted fish along 300 m? transects on reef slopes up to 20 m deep (4 transects/site).

A before-and-after, site comparison study in 1992-2001 of an area of shallow rocky
reef in the Tasman Sea, New Zealand (9) found that the average density, size and catch
abundance of blue cod Parapercis colias increased inside a marine reserve in the eight
years after all fishing was prohibited, compared to before and recreationally fished areas
outside. Cod density was higher inside the unfished reserve than outside from two years
after closure (1995) compared to before (1995, inside: 3.2, outside: 1.9 fish/60 m?; 2001,
inside: 6.5, outside: 2.9 fish/60 m2). Across all years following closure (1993-2000),
average length of blue cod was higher in the unfished reserve than fished areas (data
reported as statistical model results), and increased over time inside the reserve (2000:
265 mm, 1993: 228 mm) while outside lengths decreased (2000: 71 mm, 1993: 154 mm).
Over the same period, experimental catch rates were higher and increased over time
inside the reserve compared to outside (data reported as statistical model results). Long
I[sland-Kokomohua Marine Reserve (619 ha) in the Cook Strait was designated as no-take
(no-fishing) in April 1993. Blue cod numbers were surveyed annually from March 1992
to April 2001 by underwater visual transects (2 x 2 x 30 m), inside (four/five sites) and
outside (four sites) the reserve. Size and catch rates were monitored from September
1993 to April 2000 at three sites inside and six outside the reserve using experimental
baited hook and line fishing.
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A site comparison study in 1994-1997 of a surf-zone area in the Indian Ocean off the
coast of South Africa (10) found that four of four important shore-angling fish species
were larger and more abundant in a marine park where all fishing was prohibited for over
16 years, compared to openly fished areas. Average fork lengths were greater inside the
no-fishing marine park than fished areas for blacktail bream Diplodus sargus capensis
(unfished: 284 mm, fished: 226 mm) zebra bream Diplodus cervinus hottentotus
(unfished: 303 mm, fished: 248 mm) and galjoen Dichistius capensis (unfished: 365 mm,
fished: 327 mm), and were similar for bronze bream Pachymetopon grande (unfished: 358
mm, fished: 354 mm). In addition, catch rates for all species were higher in the marine
park (unfished: 4-13, fished: <1-3 kg/100 angler hrs; data were not statistically tested).
Fish data were collected from monthly research shore-angling between February 1995
and January 1997 in the Tsitsikamma National Park (80 km of coastline where all fishing
is prohibited; shore-angling banned since 1978) and in fished areas extending either side
of the park from roving surveys of recreational shore- angler catches between April 1994
and February 1996.

A replicated, paired, site comparison study in 2001-2002 in two coral reef areas of
the Great Barrier Reef Marine Park, Coral Sea, Australia (11) found that prohibiting all
fishing in no-take zones resulted, after 14 years, in a decline in abundance of six of nine
fish species that are prey for the fishery targeted coral trout Plectropomus spp. compared
to fished zones, while the biomass of coral trout was higher. Average prey fish densities
were lower in the no-take than fished zones for six of nine species (no-take: 8-342
fish/site, fished: 12-507 fish/site) and were similar for three (see paper for individual
species data). In addition, overall coral trout biomass was greater in the no-take zones
(9,790 g/1,500 m?) than the fished zones (3,420 g/1,500 m?). Fish data were collected in
two areas of the Great Barrier Reef Marine Park using five, 50 x 6 m, belt transects at each
site: the Whitsunday Island group was surveyed in December 2001 at eight sites in no-
take zones (no fishing permitted, 14 years of protection) and eight in fished zones; and
the Palm Island group was surveyed in April 2002 at eight sites in no-take zones (14.5
years of protection) and eight sites in fished zones. Sites were at least 100 m apart.

A replicated, paired, site comparison study in 2001-2002 of three coral reef areas in
the Great Barrier Reef Marine Park, Coral Sea, Australia (12) found that prohibiting all
fishing in protected areas resulted in a higher biomass and density of two fish species
targeted by commercial line fisheries after 14 years, and similar densities of two fish
species not targeted by commercial fisheries, compared to nearby fished areas. Biomass
and density in the no fishing areas was higher for the commercially fished coral trout
Plectropomus spp. >35 cm (biomass: 6.6 kg/1,000 m?; density: 3 fish/1,000 m2) and
Spanish flag snapper Lutjanus carponotatus >25 cm (biomass: 5 kg/1,000 m?; density: 14
fish/1,000 m?) than fished areas (coral trout: biomass; 1.3 kg/1,000 m?, density; 1
fish/1,000 m?2; Spanish flag snapper: biomass; 2 kg/1,000 m?, density; 1 fish/1,000 m?2).
The density in the no fishing areas was not significantly different for the non-fished
species scribbled rabbitfish Siganus doliatus (9 fish/1,000 m2) and golden butterflyfish
Chaetodon aureofasciatus (19 fish/1,000 m2) compared to fished areas (rabbitfish; 13
fish/1,000 m?, butterflyfish: 19 fish/1,000 m2). Fish counts and size estimates were
recorded by underwater visual surveys between December 2001-October 2002 at three
no fishing reserves around the Palm, Whitsunday and Keppel Islands (spanning 600 km
of the Great Barrier reef, no fishing for 14 years). Five replicate 50 x 6 m transects were
randomly selected at six to 12 sites per protected and fished area, 200-400 km apart from
each other.
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A review in 2004 of 20 studies of marine reserves across the world (13) found that
fish abundance and biomass in no-take marine reserves where all fishing was prohibited
for between one to 25 years, varied between species compared to fished reference sites
outside reserves, and the response was influenced by food chain position, level of fishing
exploitation and duration of protection. Between 5 and 91% of fish species showed strong
increases in abundance in no-take reserves compared to fished reference conditions, and
0-36% decreased in abundance. Where there were differences, greater abundances in no-
take reserves were found to be associated with five of six food chain groups and for
species targeted by fishing or the aquarium trade, with no overall response for non-
targeted fish (data reported as response ratios and statistical results). Variation in species
responses was also found with time since protection, with abundances of top predators
increasing gradually and accounting for greater proportions of the total biomass in the
reserves (data reported as response ratios). A literature search for field studies examining
the effect of prohibiting all fishing types in no-take reserves on fish communities was
carried out. A meta-analysis of data from 20 studies conducted at 31 different locations
in which fish abundance and/or biomass for more than 10 individual species had been
compared to fished reference sites was done. All studies used visual census (belt transects
and point counts) apart from one study that used trammel nets to collect the fish data.

A site comparison study in 1994-1998 in an area of coral reef in the North Pacific
Ocean, Hawaii (14) found that the short and long-term movement patterns of tagged and
tracked giant trevally Caranx ignobilis indicated that a marine reserve where all fishing
was prohibited for over 30 years was used by only certain sizes of trevally, and there were
frequent movements outside the reserve into fished areas where some were caught by
fishers, thus it provided limited protection from fishing. Average size of trevally caught
inside the reserve was 28 cm total length (range 14-43 cm) and 22 cm (range 16-37 cm)
for those caught outside. Of 289 conventionally tagged trevally 33 fish (11%) were
recaptured after an average time at liberty of 346 days (min 2 d, max >7 y). A high
percentage (79%) of the recaptured trevally were originally tagged inside the reserve,
but only 15% were both tagged and recaptured there, while nearly one third were caught
by fishers over 3 km away (up to 70 km). The movement activity of five fish tracked for
9-125 hours showed they spent considerable time inside the reserve but also made
frequent movements outside (data reported as minimum convex polygons and kernel
home range). Coconut Island (situated on 137,000 m? of reef flat, 2.4 km linear perimeter)
has been a marine reserve for over 30 years, with a no-fishing zone extending 8 metres
seaward from the reef edge. Giant trevally sizes in and around the reserve were collected
opportunistically throughout the year between 1994 and 1998 from research fishing.
Long-term movements were monitored by recaptures over 9.5 years (dates of tagging
were not reported) of 58 conventionally tagged trevally caught by rod and line inside the
reserve and 231 caught by traps outside. The short-term movements of five trevally fitted
with transmitters were tracked by boat using a hydrophone for periods up to 14 days
(sampling times were not reported).

A replicated, paired, before-and-after, site comparison study in 1983-2000 at two
coral reef areas in the Coral Sea, Australia (15) found that prohibiting all fishing (no-take)
in two marine reserves resulted in an increase in density and biomass of coral trout
Plectropomus spp. in the period from 3-4 years before establishment to 12-13 years after
and compared to fished areas, and higher densities and abundances of fishery targeted
species, but not non-target species compared to fished areas 12-13 years after. At both
no-take reserves, the average density and biomass of targeted coral trout Plectropomus
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spp- was higher (1999-2000, density: 7-17 fish/1,000 m?2; biomass: 12-16 kg/1,000 m?)
than in pre-protection (1983-1984, density: 2-3 fish/1,000 m?; biomass: 2 kg/1,000 m?)
and fished areas (1999-2000, density: 3-5 fish/1,000 m?2; biomass: 3 kg/1,000 m?2), the
latter two areas being similar. In 1999-2000, average coral density and biomass of a
second targeted fish, stripy sea perch Lutjanus carponotatus was higher in both reserves
than fished areas (density: 12-23 vs 7 fish/1,000 m?2, biomass: 4-5 vs 2 kg/1,000 m?2) but
average density and biomass of non-target fish did not differ (density: 56-86 fish/1,000
m?, biomass: 7-17 kg/1,000 m?). Reef fish were surveyed by underwater visual census at
two island group marine reserves in the Great Barrier Reef Marine Park (no fishing since
1987). In the period before protection, five replicate transects (50 x 20 m) were done in
1983 (one reserve only, 2 sites) and 1984 (both reserves, 2 sites each). In November 1999
to June 2000, no-take and fished zones at both reserves were surveyed by five replicate
50 x 6 m transects (9-12 transects/no-take and fished areas).

A site comparison study in 2002-2003 of three areas of artificial rock in the Adriatic
Sea, Italy (16, same experimental set-up as 17) found higher abundances of white
seabream Diplodus sargus, two-banded seabream Diplodus vulgaris and gilt-head
seabream Sparus aurata at a breakwater in a marine protected area where all fishing had
been prohibited for 16 years, and there were more medium and large individuals,
compared to two nearby fished breakwaters. The density of white (unfished: 5.0-7.8,
fished: 0.0-1.7 fish/125m?2) and two-banded seabream (unfished: 11.6-45.7, fished: 1.0-
14.3 fish/125 m?) was higher at the unfished breakwater than fished ones in two of the
four sampling times, and all but small individuals were more abundant (white, small: 0.5
vs 0.0-0.5, medium: 3.7 vs 1.7-1.8, large: 1.8 vs 0.1-0.3; two-banded, small: 0.0 vs 0.0-
1.0, medium: 11.1 vs 3.4-3.8, large: 2.2 vs 0.2-0.3 fish/125m?). Gilt-head seabream were
present only at the unfished breakwater in three of four sampling times and were more
abundant in the other (unfished: 1.3-2.2, fished: 0.5 fish/125m?2). Fish were surveyed at
one breakwater in the Miramare Marine Protected Area (121 ha, no fishing since 1986)
and two fished breakwaters (adjacent and 3 km away) four times between spring 2002
to summer 2003. Four underwater visual transects (25 x 5 m) were done at each
breakwater. The breakwaters were transplanted boulders 1-3 m wide running parallel
to the coast, extending from the surface to depths of 5-8 m.

A site comparison study in 2002-2003 of three areas of artificial rock in the Adriatic
Sea, Italy (17, same experimental set-up as 16) found that a breakwater in a marine
protected area where all fishing was prohibited for 16 years had a different fish
assemblage, a higher species richness, and a similar total fish density but higher density
of commercially targeted fish species, compared to two unprotected fished breakwaters.
The fish assemblage at the unfished breakwater differed to both fished breakwaters in
three of four sampling times, and only one in the final sampling time (data reported as
statistical results and graphical analysis). In all four sampling times, species richness was
higher at the unfished breakwater (24-27) than fished ones (13-22). Overall fish density
was higher at the unfished breakwater in only one of four sampling times, however the
individual densities of eight of 12 commercially targeted species were higher at the
unfished breakwater in two or more sampling times, and schooling fish density was
higher in all four sampling times (data reported as statistical results). The Miramare
marine protected area was designated in 1986 and a fishing ban is successfully enforced.
Four surveys using two different methods were undertaken from spring 2002 to summer
2003 at one breakwater in the Miramare Marine Protected Area (121 ha, no fishing since
1986) and two fished breakwaters (adjacent and 3 km away). Each sampling time, four
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transects (25 x 5 m) and four, point counts (5 m radius) were done per breakwater. The
authors noted differences in the data between the two census methods.

A replicated, paired, site comparison study in 2002 of four coral reefs off two islands
in the Bohol Sea, Philippines (18) found that prohibiting all types of fishing resulted in
greater abundance and biomass of commercially targeted fish at one of two marine
reserves established for 15-20 years, and higher abundance of non-target fish, compared
to nearby fished areas. Abundance and biomass of commercially targeted fish were higher
inside Apo marine reserve compared to fished areas (density, inside: 68, outside: 26
fish/500 m2; biomass, inside: 90, outside: 25 kg/ 500 m2) and were similar inside and
outside Balicasag reserve (inside: 44, outside: 34 fish/500 m?; biomass data not
reported). The abundance of non-commercially targeted fish was greater inside both
marine reserves than fished areas (inside: 75-129 fish/ 250 m2, outside: 90-147 fish/250
m?). In November and December 2002, fish were surveyed at one site inside and one
outside each of the Apo (450 m length of reef, no-take since 1982) and Balicasag marine
reserves (650 m long reef, no fishing since 1985, the collection of deep-water ornamental
shells is permitted). Fish were surveyed along fifteen 50 x 10 m transects/site:
commercial fish 5 m either side (96 species from 13 families) and non-commercial fish
2.5 m either side of the transects (four species of damselfish Pomacentridae, 15 species of
butterflyfish Chaetodontidae).

A site comparison study in 2001-2003 of a reef archipelago in the Atlantic Ocean,
Brazil (19) found that young Caribbean reef sharks Carcharhinus perezi were more
abundant inside a marine protected area where fishing had been prohibited for over 12
years, compared to an adjacent fished area. Average catches of sharks were higher inside
the unfished area than the fished (unfished: 0.16 sharks/h, fished: 0.03 sharks/h). Sharks
caught in both areas were almost all smaller immature individuals (71-170 cm).
Fernando de Noronha Archipelago (26 km?) is 345 km off the northeastern coast of Brazil
and has a marine protected area, no fishing since 1988, around the coastline of its main
island out to 50 m water depth. The rest of the area allows fishing and boat traffic. Monthly
from March 2001 to February 2003, fishing for sharks was done at 148 randomly selected
sites around the archipelago, inside (79) and in the fished area outside (69) the protected
area. At each site two baited, single-hook handlines were deployed simultaneously from
a small boat. Catch per unit effort of sharks was calculated from the time the first hook
was deployed to the time the last hook was removed. Number, length, and sex of captured
sharks (143) were recorded.

A replicated, site comparison study in 1996-2004 at seven coral reef sites in the
Indian Ocean off Kenya and Tanzania (20) found that in a large permanent no-take zone
of a marine protected area where fishing was prohibited for over 20 years, there was
higher total fish biomass and species richness, but biomass varied between fish family
groups, compared to reefs managed collaboratively for less than 10 years by gear
restrictions and temporary fishing closures. Total weight of fish was greater in the area
with a permanent no-take zone compared to without in two of two years sampled
(weight: 682-1,354 vs 260-457 kg/ha) but the responses differed by individual fish
family group (see paper for data), and total number of fish species was higher (with: 47-
51, without: 38-41 species/500 m3). Data were collected from sites in two locations:
three reefs in a 10 km? area of the Kisite-Mpunguti Marine National Park in Kenya
(established 1973) permanently closed to all extractive activities and adjacent to a gear-
managed reserve; and four small reefs (0.25-3.0 km?2) in the Mtang’ata Collaborative
Management Area in Tanzania (established in 1996) managed by gear restrictions and
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small voluntarily and temporary closed areas (some illegal fishing reported). At each reef
site, fish communities were surveyed twice (in 1996 and 2003-2004) by underwater
visual census along two 5 x 100 m belt transects at each site.

A site comparison study in 2004-2005 of a rocky reef island in the Tyrrhenian Sea,
off Italy (21) found that prohibiting all fishing in a marine protected area for nine years
resulted in a different overall fish assemblage compared to a recreationally fished area,
and the abundance of recreationally targeted species was higher at the deeper of two
depths. The overall fish assemblage was different between the unfished and fished areas
at 5 m and 20 m depths (reported as statistical results). Average number of individuals of
species targeted recreationally was higher in the unfished area (9) than in the fished (6)
at 20 m depth, but similar at 5 m depth (unfished: 4, fished: 3). Fish were surveyed along
11 km of coastline around Giannutri Island in areas with two different protection levels
(established approximately 1993): one where all human activity is banned, and one
where commercial fishing is banned but recreational fishing and other activities are
permitted. In July and September 2004 and March and May 2005, fish were sampled by
visual census at two sites/protection level at 5 m and 20 m depth. Fish within an
imaginary cylinder 5 m high and 10 m in diameter were recorded.

Areplicated, site comparison study in 2004 of five coral reef sites in the Florida Keys,
Atlantic Ocean, USA (22) found that prohibiting all fishing within marine protected areas
(no-take) for 6 years resulted in higher biomass, body length and abundance of some reef
fish species and sizes, but not others, compared to unprotected fished reefs. The average
biomass of one of two species of groupers Serranidae spp. and one of three snappers
Lutjanidae spp. was higher inside (grouper: 1,190; snapper: 910 g/125 m2) than outside
no-take areas (grouper: 130; snapper: 30 g/125 m?), but was similar for the others
(inside: 590-2,400, outside: 100-2,500 g/125 m?; see paper for individual data). Average
body lengths of two of the three snappers were greater in no-take areas, while no
differences were found for the other snapper and the only grouper for which there was
sufficient data (data reported as statistical results). For three groups of herbivorous fish
(see original paper for species), adult sizes of two were more abundant in no-take areas
(inside: 0.30-0.98, outside: 0.13-0.74 m?) and abundances of immature sizes were lower
(inside: 0.04-0.60; outside: 0.12-1.50 fish/m?), while abundance of the other species was
similar for both adults and immature fish (inside: 0.05-0.30, outside: 0.03-0.10 fish/m?2).
Patch reefs were sampled in three Special Protected Areas (average 0.5 km?, established
1997, no resource extraction) and at two fished reefs (1 to 3 km apart). Predatory and
herbivorous fish were recorded along three 25 x 5 m and 20 x 1 m belt transects,
respectively. Predatory fish were surveyed on 5-6 days in June-September 2004 and
herbivorous fish on 7-9 days in June-September 2003 and 2004.

A replicated, site comparison study in 1998-2004 of five coral reefs in the Philippine
Sea, Philippines (23) found that, over six years, no-take marine reserves in which all
fishing had been prohibited for at least one to three years, had different fish communities
compared to adjacent and distant fished areas outside, fish abundances varied between
species and level in the food chain, and the differences were greater at reserves with the
highest enforcement and compliance history. Fish communities differed between all areas
(non-fished, adjacent fished and distant fished) and differences between non-fished and
adjacent fished areas were strongest at the two of five reserves with the strictest
protection levels (data reported graphically and as statistical results). For fish species at
the top of the food chain, abundance was higher at two of the five non-fished reserves
than adjacent and distant fished areas across all years (non-fished: 4-28, fished: 3-34
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ind/250 m2), and varied between areas at the other reserves over time. Density of fish
species in the middle of the food chain was similar between sites (non-fished: 0-148,
fished: 0-151 ind/250 m?). For the dominant fish group at the bottom of the food chain
Pomatocentridae, density was higher in non-fished areas than fished for two reserves, one
with good enforcement (non-fished: 7-149, fished: 0-70 ind /250 m2), and density did not
differ between areas at the other three reserves. In addition, the response to no fishing
varied between individual fish families and abundances of larger and/or targeted fish by
fishers was generally higher inside the reserves, while non-preferred species were more
abundant outside. Data was collected at five no-fishing reserves in the Bohol Strait,
differing in size (11-50 ha), age (established 1995-1999) and history of enforcement and
compliance. One site inside and one outside (within 1,000 m) each of the reserves and at
three distant fished sites were monitored twice a year in February-May and August-
November from 1998-2004. Fish were surveyed by underwater visual censuses along
four 50 x 5 m transects at each site. Fish were counted, fish length measured, and
identified to species family and food chain group.

A replicated, site comparison study in 2001-2005 of four coral reefs on Abrolhos
Bank, South Atlantic Ocean, Brazil (24) found that prohibiting all fishing in two no-take
reserves, protected from 0 and 18 years, resulted in higher biomass of commercially
targeted and non-targeted fish at the older reserve compared to multiple use protected
areas and unprotected openly fished areas, but the response varied with fish species
and/or level in the food chain. Across all years, total biomass of both commercially
targeted and non-target fish groups was higher in the older no-take reserve than any
other area, but openly fished areas had higher biomass than the younger and multiple use
reserves (data reported as statistical results). However, the response varied by fish
species and/or food chain group (see paper for individual data). Reef fish were monitored
annually in January-March 2001-2005 in four areas: one reserve area in the Abrolhos
National Marine Park (no-take since 1983); one no-take reserve (since November 2001)
and one multiple-use area (co-managed since 2000, use permitted by locals only, zoning
and gear restrictions) in the Corumbau Marine Extractive Reserve, and an unprotected
fished, open access area. Some illegal poaching was reported in the no-take areas. Two
habitats at three to seven sites were sampled in each management area by underwater
visual census (15-20 samples/habitat/site/year). Fish were identified and counted in a 2
m or 4 m radius.

A replicated, site comparison study in 1992-2004 of 12 coral reefs in the Indian
Ocean, off Kenya (25) found that grazing rates of fish on seagrass Thalassia hemprichii
over a 12-year period were higher in no-take marine protected areas established for one
and 24 years and where all fishing is prohibited, compared to fished reefs. For two
different measures of fish grazing, both the rate of fish bites on seagrass (unfished: 53%,
fished: 1%) and the average amount of algae eaten by fish at the unfished reefs (unfished:
65 kg/ha/d, fished: 2 kg/ha/d) were higher than fished reefs. In addition, coral cover in
the unfished reefs (29%) was higher compared to the fished areas (16%). Fish grazing
was monitored annually by two methods, at five sites in three marine protected areas:
Malindi and Watamu (all fishing prohibited since 1968) and Mombasa (no-take since
1991); and seven sites in heavily fished areas. Firstly, thirty, 10-cm long blades of seagrass
were soaked for 24 hours at each site and the numbers bitten by finfish recorded.
Secondly, the biomass of selected fish herbivores along three to five, 500 m?2 belt transects
at each site was used to estimate the amount of algal biomass eaten per day (based on
16% of body weight) per wet weight of fish.
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A systematic review of unpublished data from 11 studies of five marine reserves
surveyed between 1992-2002 in the southwestern Pacific Ocean around New Zealand
(26) found that overall, blue cod Parapercis colias were found to be larger and more
abundant in reserves where all fishing had been prohibited between 1 to 27 years,
compared to fished areas outside. In nine of 10 cases, blue cod total length was greater
inside unfished reserves (25-31 cm) than outside (20-27 cm) and for eight of 11 cases,
cod were more abundant inside (0.003-0.099 fish/m?2) than outside (0.003-0.051
fish/m?) unfished reserves. In addition, although the magnitude of the differences varied
between reserves, blue cod length and abundance was not affected by the size or age of
the reserves. A meta-analysis of 11 unpublished blue cod datasets from surveys of five
no-take marine reserves was done. The reserves ranged in size from 93-2,400 ha and in
age since protection from 1-27 years and prohibited all types of fishing. Blue cod length
and abundance inside each reserve was compared to adjacent areas outside (distances
apart were not reported).

A site comparison study in 1992-2005 of three rocky areas in the northwest
Mediterranean off the coast of Spain (27) found that banning all types of fishing for at
least nine years in a marine protected area resulted in higher biomass of white seabream
Diplodus sargus and gilthead bream Sparus aurata, compared to nearby recreationally
fished only and unprotected fished areas. Across all years, the average biomasses of white
and gilthead bream were higher in the unfished area (white: 19.1 g/m?, gilthead: 0.8
g/m?) than the other areas, and were similar between partially fished (white: 5.9 g/m?,
gilthead: 0.1 g/m?) and fished areas (white: 6.1 g/m?, gilthead: 0.2 g/m?). Fish were
sampled annually from 1992-2005 at three nearby sites, up to 2 km apart: a no-take
reserve in the Medes Islands Marine Protected area (no extractive activities, since 1983);
a partial reserve (angling permitted but no collection of subtidal animals since 1990); and
a fished stretch of coastline. Numbers of fish at each site were recorded by underwater
visual transects (no further sampling details were reported).

A site comparison study in 2005-2007 of one coastal site in the Mediterranean Sea,
France (28, same experimental set-up as 34) found that prohibiting all fishing activity in
a marine protected reserve increased total fish biomass, abundance and species richness
compared to outside the reserve where fishing is allowed, one to four years after
protection. Average total biomass, abundance, and species richness was higher at one of
two sampling sites inside the reserve in 2006 and at both in 2007 (biomass, 2006: 3 kg,
2007: 6-10 kg; abundance, 2006: 6, 2007: 9-10; species richness, 2006: 3.5, 2007: 7)
compared to sites outside the reserve (biomass, 2006: <1 kg, 2007: <1-2 kg; abundance,
2006: 1, 2007: 1-4; species richness, 2006: 1, 2007: 1-4). In addition, the commercial fish
assemblage was different inside and outside the reserve in 2006 and 2007 but not in
2005, and no differences were found for assemblages of small-sized fish over seagrass
Posidonia oceanica seabed. Fish were monitored inside and at two locations outside
(adjacent areas north and south) the Cape Roux Marine Protected Area (450 ha, all fishing
types prohibited since December 2003). In October 2006 and June 2007, six trammel net
deployments sampled all fish at two sites inside the reserve and one in each location
outside. From 2005-2007, at total of 28 commercial (sampled every season for 2.5 years)
and 28 small fish species (sampled in spring for one year) were surveyed by underwater
visual census six to 10 times at two sites in each location.

A site comparison study in 2005-2007 of one no-take coral reef marine reserve,
closed to fishing for 15 years, and two unprotected (fished) reefs in the Pacific Ocean off
New Caledonia, France (29) reported that the tracked movements of four of four
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commercially important reef fish species indicated that most did not move from the
unfished reef to the fished reefs and thus were largely protected from fishing, however,
some fish did make large-scale movements outside of the reserve reef. Data were not
tested for statistical significance. Of 45 fish tracked, a total of 36 (80%) did not move
between the three reef sites but nine fish (20%), including at least one individual from
each of the four species, moved distances of 510-6,000 m outside the reserve reef. The
South Lagoon Marine Park was created in 1990 and has one temporary and nine
permanent no-take marine reserves where all fishing is prohibited. From July 2005 to
January 2007, movement data for 45 fish of four major commercial reef species (19
individuals of two Serranidae spp. and 26 individuals of two Scaridae spp.) fitted with
transmitters were collected by 23 hydrophones deployed at 4-13 m depth around one
reserve and two fished reefs. After being fitted with transmitters, 35 fish were released at
their original site of capture (28 in the reserve and 7 in a fished reef) and ten fish that
were caught in a fished reef were released inside the reserve. The number of days each
fish was detected for was reported only for some individuals.

A site comparison study in 2000-2004 of an area of reef in the Indian Ocean, off South
Africa (30) found that prohibiting all types of fishing in a marine protected area for over
10 years resulted in a different fish community, higher diversity and a higher abundance
of four of the eight most common fish species compared to an adjacent fished reef. Fish
community composition was found to differ between unfished and fished areas using
both sampling methods and diversity was higher in the unfished area for the visual census
survey only (unfished: 1.7, fished: 1.5). For both sampling methods, frequencies of roman
Chrysoblephus laticeps, steentjie Spondyliosoma emarginatum, dreamfish Sarpa salpa and
blacktail Diplodus sargus capensis were higher in the unfished area (unfished: 8-55%,
fished: 5-36%) and fransmadam Boopsoidea inornata, blue hottentot Pachymetopon
aeneum, santer Cheimerius nufar and dageraad Chrysoblephus cristiceps were lower
(unfished: <1-14%), fished: <1-42%; see paper for species individual data by method).
Fish were sampled inside and outside the Goukamma Marine Protected Area (40 km?, all
fishing prohibited since 1990) using two methods: standardised angling (111 sites inside,
162 outside) and underwater visual census (15 inside, 29 outside 44 sites). Angling
surveys were carried out in all seasons from 2000 to 2003 by a team of 3-5 anglers.
Seasonally in 2001-2004, fish were counted by divers in an area of up to 5 m radius.

A site comparison study in 2002-2003 at six reef sites in the southwestern Atlantic
Ocean, off Puerto Rico (31) found that prohibiting all fishing in a marine protected area
for three years resulted in similar abundances of red hind grouper Epinephelus guttatus
and its associated prey fish species, and larger red hind size but similar growth and
survival, compared to adjacent fished areas. There were no differences in red hind density
(unfished: 9-23, fished: 6-26 fish/ha), growth rate or average annual survival rate
between management types, but average total length was larger inside the unfished area
(data reported as statistical results). Average abundances of three fish species and six
family groups that are prey for red hind were similar between areas (unfished: 0-44,
fished: 0-46 fish/no. census; see paper for species individual data). Red hinds and the
prey fish community were surveyed at three sites inside the Luis Pefia Channel Marine
Fishery Reserve (4.75 km?, established as no-take in September 1999) and three sites in
adjacent fished areas outside. Fish abundance was recorded for all species by 16-23
underwater stationary visual censuses per site (sampling times were not reported). Red
hind size and survival data was recorded for a total of 75 individuals from October 2002
to December 2003 by a tagging study totalling 60 fishing events (one/site/month).

e



A site comparison study in 2004-2005 at three island coral reef sites in the Indian
Ocean, off Tanzania (32) found that a small marine protected area where all fishing had
been prohibited for 13 years had a greater fish biomass compared to areas that have no
fishing restrictions. Fish biomass was greater in the area that prohibited fishing (886
kg/ha) than two nearby areas where fishing is allowed (283 and 291 kg/ha). The
privately owned Chumbe Island Coral Park off Zanzibar was established in 1991 (0.3 km?,
all extractive activities prohibited). In 2004-2005, fish were surveyed by underwater
visual census (5 x 100 m belt transects) at two sites inside the protected area and two
fished sites with no management 20 km away. Fish >3 cm were recorded by family group
and 10 cm size categories, and biomass estimated from length-weight relationships.

A before-and-after, site comparison study in 1993-2001 of an area of coral reef in the
southwest Pacific Ocean, off New Caledonia (33) found that over a nine year period, a
marine reserve closed consecutively to all fishing for 5 years had higher overall fish
species richness, but not fish abundance and biomass, compared to an area with changing
fishing restrictions (initially closed, then opened for two years, then closed again) during
the same period. Average fish species richness varied between years but was greater
overall in the permanent closure area (permanent: 21-24, non-permanent: 19-21).
Overall fish abundance and biomass declined over time in both the permanent
(abundance, 1993: 201, 2001: 133 fish/transect; biomass, 1993: 45, 2001: 13
kg/transect) and non-permanent closure areas (abundance, 1993: 220, 2001: 163
fish/transect; biomass, 1993: 27, 2001: 15 kg/transect) but no effect of changes in area
management were detected. However, differences between areas were reported for fish
species groups divided up by size, feeding habit, mobility, and interest to fisheries (see
paper for group individual results). Fish were surveyed at the Aboré reef reserve (15,000
ha, all fishing prohibited in the entire reserve in August 1988) in two areas with different
management regime histories: one third closed to fishing since 1998, and two thirds
closed in 1988, opened from September 1993 and closed again in September 1995. Diver
underwater visual surveys were done in July 1993 (60 transects across entire closure
area), July 1995 (48 transects in closed and 62 in open areas) and 2001 (42 transects
across entire closure). Transects were 50 m long and fish were recorded by species and
size.

A replicated, site comparison study in 2006-2007 in six areas of seagrass Posidonia
oceanica bed in the Mediterranean Sea, France (34, same experimental set-up as 28)
found higher abundance of some fish groups and higher species richness inside a marine
protected area in which all fishing was banned compared to two fished reference areas,
three years after designation. In May 2007, total biomass, species richness, total fish
density and density of four fish families were similar during visual transects over seagrass
beds inside and outside the reserve. In September 2007, total biomass, species richness,
total fish density and that of two of four families were similar inside and outside the
reserve, but density of breams Sparidae spp. and groupers Serranidae spp. were higher
inside (bream: 9, grouper: 1/40 m?) than outside the reserve (bream: 5-10, grouper: 0-
1/40 m?). Experimental netting data showed higher total abundance, abundance of
scorpionfish Scorpaenidae spp. and species richness inside the reserve than outside the
reserve in October 2006 (total: 4-9, scorpionfish: 1-3, richness: 3-5/100 m) and June
2007 (total: 1-2, scorpionfish: 0-1, richness: 1-2/100 m). The Cap-Roux Marine
Protected Area (450 ha) was closed to all fishing in 2003. Two stations were sampled in
each of three zones, one inside the reserve and two outside (north and south) of the
reserve boundaries. At each station six replicate underwater visual censuses over
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seagrass beds and six 100 m trammel net deployments were undertaken. Sampling was
undertaken seasonally from 2005-2007. Only data from 2006 were included in the
analysis. For full sampling details see original study.

A site comparison study in 2003-2005 of an area of rocky seabed in the north-
western Mediterranean Sea, off Spain (35) found that fish (functional) diversity and catch
rates in local traditional fisheries were greatest closer to a marine reserve closed to all
fishing for 22 years, and decreased with increasing distance from the reserve. Functional
diversity (the roles played by different species in the ecosystem) and fisher catch rates
increased with decreasing distance from the reserve (data reported as statistical model
results). However, these were also strongly affected by the presence of a seagrass bed
along the western border of the reserve buffer zone. Species diversity was also highest in
the waters surrounding the area protected from fishing compared to further away and
changed with depth (data reported graphically). In addition, the value of catches were
highest within the buffer zone of the reserve. Data were collected between March and
December from 2003-2005 in two areas: the buffer zone (418 ha, only artisanal fishing
allowed) surrounding the Medes Islands marine reserve (93 ha, designated in 1983, all
fishing banned inside the reserve in 1991), and in the adjacent unprotected fished area
up to 9 km away from the buffer zone. A total of 44 trammel net fishing operations were
sampled and 1,685 fish were counted, identified and fish length recorded.

A site comparison study in 2004 of the water column around an island in the
Mediterranean Sea off Mallorca, Spain (36) found that there were more eggs of four
commercially targeted fish species inside a no-take (no fishing) marine reserve enforced
for three years and in which the adult fish were more abundant, compared to outside
(thus protecting a spawning area from fishing and increasing the likelihood of successful
egg production). The eggs of all four species/groups (scorpion fish Scorpaena spp.,
Mediterranean rainbow wrasse Coris julis, brown meagre Sciaena umbra and grouper
Epinephelus spp.) were distributed in higher densities inside the non-fished reserve
compared to locations outside, up to two nautical miles away (data reported as statistical
results and presented graphically). In addition, there was a clear gradient of decreasing
egg density with distance away from the reserve for wrasse and grouper. Plankton was
collected in July 2004 inside and outside the marine section of the Cabrera National Park
(87 km?, designated 1991, enforced 2001) by two methods: bongo nets (27 stations inside
and outside, repeated four times) and fixed nets (9 stations inside). Bongo nets were
deployed in down and up oblique tows between the surface and 10 m off the seabed
(down) and horizontally for five minutes at 20, 10 and 2 m depths (up). Fish eggs (sub-
sampled over 200) were identified and counted in the laboratory under a microscope.

Areplicated, site comparison study in 1992-2006 of nine coral reef sites in the Indian
Ocean, Kenya (37) found that the effects of closing protected areas to all fishing for over
15 years on fish abundance varied between species, compared to adjacent openly fished
areas, and the effects on fish species richness and diversity varied with the method used
to assess them (fisheries independent underwater visual census versus fisheries
dependent catch data). Across bot sampling methods, fish abundances differed between
non-fished and fished areas, with about half of the species recorded as common to both
management areas by each method being more abundant in closed areas (data reported
graphically and as statistical results). Visual census sampling found that the total number
of fish species was higher in closed (134) than fished areas (94) and species diversity was
similar (0.94-0.95). In contrast, trap and line fishing methods found lower numbers of
fish species and diversity at closed areas (number, closed: 30-79, fished: 73-107 species;
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diversity, closed: 0.5-0.8, fished: 0.8). Trap and line fishing data was collected from two
fisheries dependent sources: experimental catch and release studies undertaken for
scientific purposes in three old Kenyan fisheries closures (established by 1978, all
extractive activities prohibited) and catch composition measured from adjacent
traditional fisheries using the same gear types at six heavily fished grounds; and
compared with existing fisheries dependent data (underwater visual census surveys, see
paper for studies) collected at the same sites. Experimental fishing took place between
1995 and 2006 at three closed areas: Malindi and Watamu Marine National Parks (traps
only) and Kisite Marine National Park (traps and line); and six fishing grounds (both
methods, line catches obtained from local traditional fishers). Visual census surveys were
done at all sites between 1992-2006 (see original paper for details).

A replicated, site-comparison study in 2005 of shallow rocky reefs in three marine
protected areas established for 9-15 years in the Atlantic Ocean around the Canary
Islands, Spain (38) found that banning all types of fishing resulted in a different fish
assemblage and increased abundance of grey triggerfish Balistes capriscus and barred
hogfish Bodianus scrofa compared to unprotected (fished) reference areas, but abundance
of ocean triggerfish Canthidermis sufflamen and ornate wrasse Thalassamo parvo was
similar. Across all three islands, the fish assemblage was different in unfished and fished
areas. Average abundance of grey triggerfish and barred hogfish was higher in the
unfished areas (triggerfish: 0.3-0.6; hogfish: 0.1-0.4 fish/100 m?) than the fished areas
(triggerfish: 0.0-0.2; hogfish: 0.0 fish/100 m?2). Similar abundance in unfished and fished
areas was recorded for ocean triggerfish (0.0-0.2 vs 0.1 fish/100m?) and ornate wrasse
>12 cm (22.3-35.0 vs 21.7-31.2 fish/100m?2). Also reported, but not statistically tested,
was abundance of zebra seabream Diplodus cervinus >30 cm (unfished: 0.7-1.3; fished:
0.2-0.6 fish/100m?) and white seabream Diplodus sargus >30 cm (unfished: 0.2-0.7;
fished: 0.1-1.0 fish/100m?). Fish surveys were done in April-November 2005 at four sites
in each of three marine protected areas and three nearby unprotected fished areas.
Protected areas were designated 9-15 years prior, prohibited all fishing. At each site,
divers recorded the number and length of all fish for 5 minutes within a 100 m? circle at
six replicate locations.

A systematic review in 2011 of 32 studies of marine reserves in the Atlantic and
Pacific Oceans off Latin America and the Caribbean (39) found higher total (fish and
invertebrates) density, biomass and body size, but not species richness, inside protected
areas where fishing is prohibited compared to unprotected fished areas, and the response
of fish species was greater than other groups. Data were reported as response ratios. At
the food chain level, the increase in density and biomass of fish predators in no fishing
reserves was greater than herbivores (fish and invertebrates combined), macroalgae and
corals, and at the species level, the increase in density of fish species was greater than
invertebrate species. In addition, there was no relationship between the size or age of
reserves or area surveyed and the species density (fish and invertebrates) response, but
it was found to be associated with one of four variables, intensity of exploitation outside
the reserve (i.e. the higher the exploitation level the greater the species response). The
systematic review summarized the effects of protection from fishing activities at 23
marine reserves established from 1959 to 2001 in Latin American and Caribbean
countries. Four publication databases were searched from 1970-2007 and fifteen site
comparison and five before-and-after site comparison studies selected. Data from inside
and outside the reserves and before and after designation were used to calculate response
ratios to represent the size of the effect of protection.
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A replicated, site comparison study in 2005-2006 of 20 reef sites in the Indian Ocean
off Kenya and the Maldives (40) found that prohibiting all fishing in protected areas
(Kenya) for over 25 years resulted in higher total fish biomass, density and species
richness compared to heavily fished unprotected areas, but not to partially fished
management areas (Maldives). Total biomass in the fully closed areas (1,180 kg/ha) was
similar to partially fished areas (1,463 kg/ha), and both were higher than fished areas
(110 kg/ha). For nine fish family groups, total density differed between all three areas
and was highest at partially fished areas (closed: 463, partly fished: 602, fished: 202
fish/500m?2); and species richness was similar at closed and partly fished areas and higher
than fished (closed: 45, partly fished: 45, fished: 26 species/500m?). In addition, the
effects of different management regimes varied for individual family groups (see paper
for data). Fish were surveyed by underwater visual census in four well enforced marine
protected areas in Kenya (total 54 km?, established in the 1970s, all fishing prohibited)
and four nearby heavily fished areas; and in the Maldives, at 12 sites in a large, lightly
managed fished area (650 km?, selectively fished, non-enforced closure system).
Sampling took place in February to May 2006 (Kenya) and June 2005 (Maldives). Fish
biomass for 23 families was sampled by one or two separate passes along four 5 x 100 m
belt transects/site and data for nine selected families by four passes along the 500m?
transects.

A replicated, site-comparison study in 1996-2009 at eight coral reef sites in the
Caribbean Sea, off Belize (41) found that over a 15 year period following closure of an
area of a marine reserve to all fishing, there was a higher number reef fish species and
higher abundance of some species groups compared to nearby fished reefs in the reserve,
and the effect varied with level in the food chain. The total number of species was higher
at unfished reefs (19-27) than fished reefs (17-20) and increased with time. Seven of 17
fish family groups were more abundant (individuals observed/5 min) inside than outside
the reserve, nine were similar, and one (Pomacentridae) was more abundant outside (see
paper for individual data by group). Snapper abundance (Lutjanidae) showed the largest
increase inside the reserve over time (13-72), whilst remaining constant outside (7).
Average abundance of carnivorous fish was higher inside than outside the reserve,
including: fish-eating fish (16 vs 4); fish that feed on large invertebrates (2 vs 1) and fish
that feed on small invertebrates (159 vs 126). Abundance of herbivorous fish (284 vs 298)
and sponge-eating fish (1 vs 1) was similar inside and outside the reserve. Fish were
surveyed by underwater visual censuses at four reefs in the conservation zone (71 km?2,
legal protection in 1993, no fishing since 1995) and four nearby reefs in the general use
zone (190 km?, regulated fishing activity) of Glover’s Reef Marine Reserve. Each reef site
was sampled 8-10 times during May-November between 1996-2009. Divers haphazardly
swam over each reef for a total of 35 minutes and recorded the number and species of
fish from seven taxonomic groups during separate 5-minute intervals.

A replicated, paired, site comparison study in 2009-2010 of four estuaries in the
Tasman Sea, New South Wales, Australia (42) found higher average abundance of
commercially targeted fish and similar species number in marine park zones where all
fishing has been prohibited for four to eight years, compared to partially fished park
zones, but there was a lower abundance of targeted fish and a different overall fish
assemblage than unprotected fished estuaries. Abundance in no fishing park zones was
higher than fished park zones for all targeted fish (no fishing: 3.9, fished: 1.5
count/camera drop), and individually for pink snapper Pagrus auratus (no fishing: 0.9,
fished: 0.1 count/camera drop), but was similar for silver trevally Pseudocaranx

81



georgianus and yellowfin bream Acanthopagrus australis (trevally: 1.0 vs 0.0, bream: 0.2
vs 0.1). The number of fish species (no fishing: 6.3, fished: 4.8) and maximum abundance
of all fish (no fishing: 27, fished: 45 fish/camera drop) were similar in non-fished and
fished park zones. In addition, targeted fish abundance was higher in estuaries without
marine parks (12 fish/camera drop) and had a different fish assemblage (data reported
graphically). Four estuaries, in New South Wales (100-400 km apart) were randomly
sampled from November 2009 to March 2010 using baited remote underwater video.
Two estuaries were marine parks (four and eight years old), zoned into no fishing areas
and areas where some commercial and recreational fishing (netting and trapping) was
permitted. The other two estuaries had no conservation designation and although most
commercial fishing was banned they were intensively fished recreationally.

A replicated, site comparison study in 2005 of seven coral reef areas in the Indian
Ocean off the coasts of South Africa and Mozambique (43) found that six years after
prohibiting all fishing in no-take areas of marine reserves there was increased abundance
of six of 12 fish species/groups compared to partly fished and openly fished areas, and
overall fish size was larger than in openly fished areas. Average abundances were higher
inside no-take areas than partly fished and openly fished areas for six of 12 fish
species/groups (no-take: 0.5-9.0 fish/count, part fished: 0.1-3.0 fish/count, open: 0.0-
3.0 fish/count). The abundances of the other six were higher in no-take areas compared
to partly fished but were similar to openly fished areas (no-take: 0.3-10.0 fish/count, part
fished: 0.0-6.0 fish/count, open: 0.3-10.0 fish/count). See original paper for list of species
and individual abundances. Average fish size (reported as a standardised measure) across
the whole assemblage was higher inside no-take areas (57) than openly fished areas (48)
and similar to partly fished areas (58). In April 2005, fish were sampled at two no-take
areas (no extractive activity) and four partly protected areas (limited non-
commercial/non-trawl fishing types and diving permitted) in adjacent marine reserves
(designated 1999), and at five openly fished sites outside the reserves (two adjacent and
three >200 km away). At each site, divers counted selected fish species >7 cm in length,
along two replicates of bisecting transect pairs 25 m long and 5m wide. Point counts (22-
32) were also conducted at each site in a 5 m radius, separated by 20 m. Data were
analysed for seven coral-dominated sites (two no-take and open, three part protected).

A replicated, paired, site comparison study in 2004-2010 of five coral reef regions in
the Great Barrier Reef Marine Reserve, Australia (44) found that reefs closed to fishing
for two to six years had greater numbers of coral trout Plectropomus/Variola spp.,
compared to fished reefs. Across all years and reef regions, the total number of coral trout
was greater at reefs closed to fishing (0.8-0.9 fish/tow) than open reefs (0.4-0.6
fish/tow). Similarly, overall coral trout number at each of the five individual reef regions
was higher at sites closed to fishing (Cairns: 0.2-0.3 fish/tow; Townsville: 0.5-0.7;
Mackay: 1-1.1; Swains: 1.4-2.6; Capricorn Bunker: 0.5-0.8) compared to their paired,
fished sites (Cairns: 0.1-0.2 fish/tow; Townsville: 0.1-0.2; Mackay: 0.1-0.5; Swains: 0.2-
1.3; Capricorn Bunker: 0.2-0.4). In 2004, the Great Barrier Reef was rezoned to create no-
take marine reserves. In 2006-2010, a total of 28 pairs of reefs were surveyed across five
reef regions, 25-450 km apart (six pairs in each region except Capricorn Bunker, where
four pairs were surveyed). Each reef pair was one reef closed to fishing and one fished (0-
1 km apart). Fish at each reef site were sampled by the manta tow method, where 10 m-
wide areas of reef slope are surveyed at a time by an observer towed behind a small boat,
for two minutes. Paired sites were surveyed within 12 months of each other on a biennial
basis over six years.
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A site comparison study in 2009-2010 at seven mangrove and coral reef sites in
Moreton Bay, Coral Sea, Australia (45) found that prohibiting all fishing inside a marine
reserve for over 12 years resulted in greater fish density of three of four fish groups at
coral reefs and one of four in mangroves, compared to non-reserve areas, and was
influenced by proximity to other habitat types. At no-take coral reef areas close to
mangroves, fish density of three of four fish groups was higher than non-reserve areas
(harvested: 65-159 vs 42-96, herbivorous: 75-138 vs 34-79, piscivorous: 22-39 vs 13-
26 fish/200 m?2), but the density of prey fish species was lower (reserve: 77, non-reserve:
145 fish/200 m?). Reserve coral reef areas far from mangroves had greater fish density
for piscivorous fish only compared to non-reserve areas (28-30 vs 19-22 fish/200 m?).
Mangroves in reserve areas near coral reefs had greater densities of piscivorous fish
(reserve: 37, non-reserve: 18 fish/200 m?2) but lower densities of prey fish (reserve: 41,
non-reserve: 255 fish/200 m?). Reef fish were surveyed in summer 2009-2010 inside a
no-take marine reserve, protected since 1997, and at six non-reserve sites in Morton Bay
(0-25 km away). At each site, two coral and three mangrove areas were sampled. On coral
reef, fish were sampled along five, 50 by 4 m transects at each site by underwater visual
census. Fish in mangroves were surveyed at high tide using underwater transects and
fyke nets.

A replicated, site-comparison study in 2009-2011 at five coral reefs in the Coral Sea,
Australia (46) found that prohibiting all fishing within a no-take marine reserve for over
12 years increased the diversity and biomass of herbivorous fish compared to non-
reserve reference areas at reefs close to, but not distant from, mangrove forests. At reefs
close to mangroves, herbivore species richness was higher inside the reserve (8
species/200 m?) than outside (5 species/200 m?), but similar for reefs further away from
mangroves (inside: 5, outside: 4 species/200 m?2). Herbivore biomass at reefs close to
mangroves was also higher inside the reserve (inside: 14, outside: 7 g/m?2), mainly due to
the higher biomass of roving browsers and black rabbitfish Siganus fuscescens (data
reported as statistical model results), and similar at distant reefs (inside: 3, outside: 2
g/m?). In addition, across both near and far reefs the biomass of roving grazers, the
Australian sawtail Prionirus microlepidotus and the blue-barred parrotfish Scarus
ghobban was higher at reserve than non-reserve reefs (data reported as statistical model
results). Fish were surveyed along five replicate 50 x 4 m underwater transects at low
tide at one protected reef and four unprotected reefs in the Moreton Bay Marine Park,
eastern Australia, from November 2009 to January 2011. The protected reef is a no-take
reserve where all fishing is banned (since 1997). At each location one reef close (<250 m)
to mangroves and one distant (>500 m) from mangroves were sampled.

A replicated, paired, site comparison study (year not stated) of three marine reserves
in the Mediterranean Sea, Spain (47) found that prohibiting all fishing resulted in higher
biomass of predatory, but similar biomass of herbivorous, fish inside one no-take marine
reserve compared to outside unprotected areas, and similar biomass to two other marine
reserves with a different level of protection from fishing. The total biomass of predatory
fish was higher inside than outside (inside: 32,522, outside: 13,984 g/250m?) at the only
no-take reserve (Catalunya) and was similar at the two other reserves (inside: 10,025-
15,699, outside: 6,484-18,815 g/250m?). No effect of protection level was found on the
total biomass of herbivorous fish at all three reserves (inside: 5,322-15,000, outside:
3,064-4,516), but it was influenced by an interaction of protection, depth and reserve
region (data reported as statistical results). At each reserve, three sites were sampled
inside and three outside the reserve boundaries, one at each depth of 5, 15 and 30 m (date
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or year of sampling unspecified). Fish were identified and counted by diver underwater
visual survey along three, 50 x 5 m transects at each site. Herbivorous fish and fish that
predate on sea urchins Paracentrotus lividus were recorded (see paper for list of families).
The Catalunya reserve was protected since 1983 and prohibits all extractive activities.
The other two reserves were protected since 1991 (Mallorca) and 1999 (Menorca) and
permit some restricted commercial fishing.

Areplicated, paired, site comparison study in 2008 of five shallow rocky seabed areas
in the Mediterranean Sea, Spain (48) found that no-take marine reserves closed to fishing
for at least 10 years, had higher overall abundances of top predators (fish) and carnivore
species (fish and invertebrates) and a similar abundance of herbivore species (fish and
invertebrates), compared to non-protected areas outside. Overall, top fish predators (two
families) and carnivores (three fish families, one invertebrate) were more abundant
inside than outside the no-take marine reserves and the abundance of herbivores (one
fish and one invertebrate species) was similar (data reported as statistical results and
presented graphically for each reserve). In August 2008, five marine reserves along the
east coast of Spain were surveyed by underwater visual census. Six transects, 50 x 5 m,
were done at each reserve: three in no-take areas and three in unprotected areas nearby
(4-12 km). All fish, and two invertebrate species, were identified, counted, and assigned
to one of three universal feeding groups (see paper for list of species). Reserves were
protected for 10-25 years.

A replicated, site comparison study in 2010-2011 at six coral reef sites in a marine
park in the Indian Ocean, Western Australia (49) found that the level of protection from
fishing did not influence fish abundance, biomass and diversity between zones where no
fishing was permitted for five to 20 years and fished zones. Total fish abundance, biomass
and diversity of adult fish was similar between unfished and fished zones (data presented
as fitted model outputs and statistical results), but some differences were found for fish
grouped together based on diet/feeding behaviour (see paper for results by fish group).
Sanctuary zones (free from fishing) in Ningaloo Marine Park were established in 1991
and 2005. At each of six sites within the reserve; three where no fishing is allowed, and
three where some commercial fishing is permitted, a total of 9-14 patch reefs 2-4 m deep
were surveyed. All adult fish visible on each reef were identified and counted by a single
underwater observer in November 2010-January 2011.

A before-and-after, site comparison study in 1996-2005 of three seabed areas on the
Patagonian Shelf, South Atlantic Ocean, off Argentina (50) found a different assemblage
of bottom dwelling fish, higher overall abundance and higher abundance of target
Argentinian hake Merluccius hubbsi, and particularly of young hake, in a marine protected
area in which fishing was banned for up to eight years, compared to two fished reference
areas. The whole fish assemblage before the closure was similar in the protected area to
one of the two outside areas but differed from both outside areas after the closure (data
reported as statistical model results). Before the closure, overall fish abundance was
similar inside (0.59 t) and outside (0.45-0.79 t) the reserve, but increased inside the
reserve following the closure and was higher than outside in two of four years (inside:
0.73-0.88, outside: 0.27-0.54 t). Hake abundance was similar across areas before the
closure (inside: 0.54, outside: 0.26-64 t) but increased inside the reserve and was higher
after the closure in all years (0.52-0.89 t) relative to outside (0.13-0.61 t). The proportion
of two-year old hake inside the reserve was higher after the closure (36-50%) than before
(18%). The Patagonian Closed Area (50-100 m depth) was closed to all fishing in 1997.
Data from demersal fish surveys (5 x 30 m trawl with a 2.4 cm codend mesh) before
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(1996) and after (2000-2003, 2005) the closure were analysed from a selected 28,000
km? area inside the reserve and two fished areas outside. All fish were counted, identified,
and the ages and lengths of hake recorded.

A replicated, before-and-after, site comparison study in 1999-2011 at four coral reef
sites in the Gulf of Mexico, off Florida Keys, USA (51) found that in marine reserve areas
where all fishing was prohibited for up to 10 years, and in areas where only recreational
fishing is permitted, there were increases in the density of commerecial fish species in the
10 years following implementation and compared to openly fished areas, and changes in
fish densities of non-target and other exploited fish species varied. For five fishery
exploited species, the total number of increases in density detected in surveys was higher
overall in no-take and recreationally fished areas compared to openly fished areas (no-
take: 3, recreational: 16, fished: 1), and decreases were only detected in the openly fished
areas (no-take: 0, recreational: 0, fished: 5). For non-target species (increase, no-take: 9,
recreational: 20, fished: 12; decrease, no-take: 9, recreational: 12, fished: 3) and species
collected for the aquaria trade (increase, no-take: 0, recreational: 7, fished: 1; decrease,
no-take: 9, recreational: 7, fished: 3), changes in density fluctuated between years (see
paper for species individual data). Fish were surveyed over 326 km? at four sites with
three different levels of resource management protection; Tortugas North and South
Ecological Reserves (no-take, since 2001), Dry Tortugas National Park (part no-take,
since 2007 and part recreational angling only, since 1960s in all areas). Baseline fish
surveys were done in 1999-2000 before the no-take areas were implemented and from
2002-2011. Diver visual surveys were done in a two-stage stratified random sampling
design. Numbers of reef fish were recorded in randomly selected circular plots 15 m in
diameter.

A site comparison study in 2009-2010 of 12 rocky reef and boulder sites in the
Mediterranean Sea, off eastern Sicily, Italy (52) found that five to six years after all fishing
was banned in a reserve zone of a marine protected area, the overall fish assemblage was
different and fish abundance, species richness and diversity was higher compared to
fished areas outside the reserve, but the effect on individual species abundance varied
between size classes and commercial/non-commercial species. The overall fish
assemblage was different inside and outside the reserve (data reported as statistical
results) and total fish abundance was higher inside (226 fish/125 m?) than outside (90
fish/125 m?). This was due to greater abundances of medium and large fish inside
(medium: 80, large: 108 fish/125 m?2) than outside (medium: 38, large: 25/125 m?), as
well as species of high commercial value (24 vs 4 fish/125 m?2). Abundance of small and
low and medium commercial value fish were not significantly different inside and outside
the reserve (small: 38 vs 27 fish/125 m2, low value: 12 vs 8 fish/125 m2, medium value
67 vs 4 fish/125 m?2). Fish species richness and Shannon diversity were higher inside the
reserve (species: 14, diversity: 1.7 fish/125 m?) than outside (species: 12, diversity: 1.5
fish/125 m?2). Fish were surveyed by underwater visual census in early summer 2009-
2010 along three 125 m2 transects (15-20 m depth) at four sites inside the marine
reserve zone (where all fishing activities are prohibited since 2004) of the Plemmirio
Marine Protected Area (2,400 ha), and eight sites outside the reserve (four in an adjacent
zone where only some controlled fishing activities are allowed and four outside the
marine protected area, 12 km away).

A site comparison study in 2006-2008 of a shallow, sandy lagoon in a bay in the South
Atlantic Ocean, off South Africa (53) found that common smoothhound sharks Mustelus
mustelus spent more time in a no-take marine protected area than outside (and thus more
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protected from fishing), and movements between the areas differed with season. Overall,
sharks spent an average of 74-80% of hours inside the no-take area over a two-year
period. The highest numbers of detections inside the no-take area occurred in summer
and the lowest in winter (data presented graphically and as statistical results). In
November 2006, a total of 24 smoothhound sharks were tagged with acoustic
transmitters and released in the Langebaan Lagoon Marine Protected Area (34 km?2, year
implemented not reported), a no-take area in the innermost part of a coastal embayment
(Saldanha Bay). The movements of sixteen sharks (9 females, 7 males) detected for at
least one year, and of nine detected for two years, were analysed. Fish movement
detection data was recorded by 28 acoustic receivers positioned at four sites in no-take
and fished areas.

A replicated, paired, site comparison study in 2004-2005 of coral reef and seagrass
sites at three neighbouring inhabited islands in the Java Sea, Indonesia (54) found that
prohibiting fishing in areas of a 16 year old national park resulted in similar individual
fish size and weight in catches landed at two of the three islands, compared to fished
areas. Average fish length and weight in landed catches were similar between closed and
fished areas at the islands of Karimunjawa (length, closed: 235 mm, fished: 222 mm;
weight, closed: 482 g, fished: 395 g) and Parang (length, closed: 317 mm, fished: 311 mm;
weight, closed: 733 g, fished: 766 g) and were lower in closed areas at Nyamuk island
(length, closed: 306 mm, open: 411 mm; weight, closed: 781 g, open: 1,040 g).
Karimunjawa National Park (111,625 ha) was first legislated in 1988 and has zones
prohibiting fishing and designated fishing zones. In January 2004-December 2005, fish
catch surveys were done by trained observers at 1-2 month intervals at fish landing sites
on Karimunjawa Island. A total of 8,674 fish from 895 fishing trips were sampled. Fishers
were asked to provide details of where they were fishing and the location of fish capture
was assigned to one of five village fishing grounds on separate islands 6-15 km apart.
Fishing was reported from both closed and fished management zones off three islands
and the fish data compared.

A replicated, paired, site comparison study in 2012 of six coral reef sites in a marine
protected area in the Coral Sea, Vanuatu (55) found that permanent no-take reserves
where fishing was prohibited for at least six years had greater total fish biomass
compared to areas open to fishing, and similar fish biomass to closed areas fished only
periodically for short periods. The total fish biomass was similar in no-take reserves
(646-835 kg/ha) and periodically fished areas (559-567 kg/ha) but was greater than
fished areas (331-378 kg/ha). The biomass and abundance (data not reported) of only
one of three individual fish groups differed between areas and was higher in no-take
reserves than the other two areas (see original paper for individual data). Data was
collected in November-December 2012 in two regions of the Nguna-Pele Marine
Protected Area Network. Each region had three adjacent management zones (8 to 16 ha)
that were each surveyed: a no-take reserve (since 2005), a periodically fished area open
for 1-3 days every 6 months (implemented since 18 months to 6 years) and an area open
to fishing. At each zone before and after a three-day harvesting period of the periodically
fished zone, divers recorded fish species and length along eight, 50 by 5 m transects, and
biomass calculated from length-weight relationships.

A site comparison study in 2005-2010 of three coral reef areas in the Caribbean Sea
off Puerto Rico (56) found that prohibiting all fishing in a marine protected area resulted
in a similar coral reef fish abundance and biomass one and five years after
implementation compared to fished areas, but abundance increased in all areas over time.
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Overall, there were no differences in average reef fish abundance and biomass between
no-take and fished locations, but after 5 years abundance had increased in all areas,
regardless of protection level, particularly for small life stages and small-sized fish (data
presented graphically and as statistical results). A no-take zone at the Mona Island Marine
Protected Area was established in 2004 extending up to 926 m from the shore initially
and modified in 2007 to include areas up to 182 m depth. Two locations in the no-take
area and one in a fished area of the marine protected area (within the 2004 boundaries)
were surveyed in autumn and winter of 2005-2006 and 2009-2010. At each location, fish
size and abundance were recorded by underwater visual census along 12 belt transects
(60 m?) at three separate sampling sites. After each transect five-minute roving surveys
were conducted.

A replicated, paired, site comparison study in 2011 of six mixed reef, mangrove and
seagrass lagoon areas in the Soloman Sea, Soloman Islands (57) found that no-take
marine reserves protected for eight years had higher fish abundances than unprotected
fished sites for four of six species, but the effect differed with type and proximity of
different habitats. Fish density of four of six species was higher in at least two of the five
habitat categories in no-take reserves compared to fished areas (bumphead parrotfish
Bolbometopon muricatum: 2-6 vs 0, mangrove snapper Lutjanus argentimaculatus: 4-5
vs 0-1, goldlined rabbitfish Siganus lineatus: 5-31 vs 0-5, ringtail surgeonfish Acanthurus
blochii: 5-15 vs 1-3 fish/200 m?). For two species, density was similar between areas in
four of the habitats and was lower in reserves in one (monocle bream Scolopsis spp: 5 vs
8, dash-and-dot goatfish Parapeneus barberinus: 1 vs 7 fish/200 m?2). In addition, the
authors reported increases in abundance in reserves of a total of 18 fish species (data
presented in the Supporting Information). Three small, community-based no-take
reserves (established eight years) designed for bumphead parrotfish, and three paired
unprotected fished locations were surveyed in April-June 2011. At each location, fish over
5 cm length were recorded by underwater visual census (5 x 200 m? transects) in
mangrove, seagrass and coral reef habitats. Fish data were assigned to one of five
categories: mangroves near coral, coral near mangroves, isolated coral, coral near
seagrass and seagrass near coral.

A site comparison study in 2010-2013 of a fished area of seabed in the north Atlantic
Ocean off the Isle of Arran, Scotland, UK (58) found that prohibiting all types of fishing in
a marine reserve resulted in similar overall fish abundance, similar abundances of seven
of seven individual fish groups, and similar sizes of four of four fish groups compared to
an adjacent fished area outside the reserve, up to five years after implementation. Across
years, overall fish abundance (total number) was not statistically different between non-
fished reserve and fished areas (reserve: 803, fished: 644) and the maximum numbers of
seven of seven fish groups, dominated by cod Gadus morhua and other ‘cod-like’ fish
Gadidae, were similar (reserve: <1-9, fished: <1-9; see paper for individual data by fish
group). Fish size was similar between the reserve and fished areas for cod, other cod-like
fish, flatfish Pleuronectidae and lesser-spotted dogfish Scyliorhinus canicula (data
reported as statistical results; three fish groups were not tested). Lamlash Bay Marine
Reserve (2.7 km?) was established in September 2008 and closed to all fishing. Annually
between 2010-2013, fourteen to 20 sites inside and outside the reserve were sampled.
Fish data were collected by diver visual surveys along 150 m? transects (total number)
and analysis of footage recorded by baited remote underwater video (species, number
and fish length).
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Areplicated, site comparison study in 2009-2011 of 23 coral reef sites spanning four
regions in the Pacific Ocean (Phillipines, Papua New Guinea, Vanuatu) and Indian Ocean
(Chagos) (59) found that surgeonfish and parrotfish inside established marine protected
areas where fishing was banned showed the same pattern of increasing avoidance
behaviour (measured as flight initiation distance) with increasing fishing intensity in the
locality, compared to fish in fished areas. Flight initiation distance increased in both non-
fished and fished sites with increasing local fishing pressure levels (lowest to highest) for
surgeonfish Acanthuridae spp. (from 155 to 222 cm in non-fished areas and 270 to 408
cm in fished) and parrotfish Scaridae spp. (from 211 to 279 cm in non-fished areas and
332 to 537 cm in fished). In 2009-2011 thirteen sites protected from fishing through
permanent no-take reserves or traditional management closures (reserve size or year of
implementation were not reported) and 10 sites that allowed fishing were surveyed
across four countries. Fish flight initiation distance was estimated by measuring how
closely a diver could approach individual fish (> 10 cm total length) before they fled.
Fishing pressure was estimated by dividing the linear extent of reef open to fishing by the
number of fishers in the fishing community and ranged from 0-80 fishers/km.

Areplicated study in 2001-2013 of four surf-zone sites in the Indian Ocean, off South
Africa (60) found that over a nine-year period, the majority of recaptures made of tagged
fish from five species, occurred inside a marine reserve where fishing activity was
controlled by zones, and mainly within 200 m of their original release site in the no-take
reserve zone closed to all fishing for over 22 years (and thus spent more time in areas
protected from fishing). Most individuals of the five main study species were recaptured
within 200 m of their original release site (grey grunter Pomadasys furcatus: 88%, catface
rockcod Epinephelus andersoni: 84%, yellowbelly rockcod Epinephelus marginatus: 92%,
cave bass Dinoperca petersi: 88% and speckled snapper Lutjanus rivulatus: 79%) and 61%
of fish were originally tagged at sites in the no-take zone, the rest in the zone that allows
shore angling and recreational boat angling and spearfishing for pelagic gamefish only. In
addition, the maximum time at liberty of each species ranged from 287-3,163 days,
average recapture rate was 29% and 632 of the 3,224 fish tagged were recaptured at least
once. The St Lucia Marine Reserve in South Africa was established in 1979. From
November 2001-2013, a total of 6,613 fish from 71 species were tagged and released at
four sites in the reserve: two in a no-take zone and two in a restricted fishing zone. Over
the same sampling period, details of fish recaptured in the reserve by the research team
and angling public, and other reported recaptures in fished areas outside the reserve
were recorded.

A replicated, site comparison study in 2005-2012 of 233 coral reef sites across the
western Indian Ocean (multiple countries) (61) found that the biomass of the fishable
portion of reef fish communities (standing stock biomass) increased across a gradient of
decreasing fishing intensity resulting from six different management regimes, and was
highest in protected areas closed to fishing and with enforcement. Data were not
statistically tested. Average fishable biomass was greatest in large, remote marine
protected areas (2,189 kg/ha, 36 sites) and areas closed to fishing with high compliance
(957 kg/ha, 114 sites), whereas young areas closed to fishing with low compliance had
489 kg/ha (66 sites). Areas where all (line and traps only) or most (spear and gill nets
also used) destructive gears were restricted had 390 and 382 kg/ha of fishable biomass,
respectively. The lowest biomass was in areas with no gear restrictions (269 kg/ha, 50
sites, seines and explosives used). In addition, many of the individual sites, even in areas
with closures and high compliance, had a fishable biomass below 1,150 kg/ha (estimated
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by the authors as the target standing stock biomass needed for the recovery of exploited
reef fish), and were thus failing to achieve conservation targets. Coral reef fish
assemblages were surveyed at 233 individual sites across the Indian Ocean (off Comoros,
Kenya, Madagascar, Mayotte, Mozambique, the Maldives, Seychelles, the Chagos
archipelago and Tanzania) between 2005-2012. Fish were surveyed at each site by
underwater visual census (3 to 5 belt transects of 50 or 100 m, or 8 point counts - see
original paper for sampling methods by country). Sites were classified by the six
dominant management categories.

A replicated, site comparison study in 2012-2013 of 37 coral reef sites with at least
one established, locally-managed marine protected area in the Philippine Sea, Philippines
(62) found that areas where all fishing was prohibited had greater fish species richness
and diversity, fish density and larger fish for five out of seven family groups, compared to
nearby fished areas. Overall fish species richness and diversity (data reported as diversity
indices) was higher in protected areas (20 species) than fished areas (15 species). Density
was higher for five of seven reef fish families (surgeonfishes Acanthuridae: 18 vs 16,
parrotfishes Scaridae: 9 vs 6, snappers Lutjanidae: 7 vs 6, groupers Epinephelinae: 3 vs 2,
goatfishes Mullidae: 2 vs 1 fish/500 m?) and similar for grunts Haemulidae and
emperorfish Lethrinidae (both <1 fish/500m?2 in all areas). A greater number of larger (25
cm and above) individuals of five families were found at protected sites compared to
fished sites (surgeonfishes: 0.8 vs 0.1, parrotfishes: 1.4 vs 0.4, groupers: 0.4 vs 0.2,
goatfishes: 0.2 vs 0.1, grunts: 0.13 vs 0.07 fish/500 m?) and similar for snappers (0.7 vs
0.6 fish/500m?2) and emperors (0.0 vs 0.0 fish/500m?). Between 2012-2013, reef fish
were surveyed at 37 locations by underwater visual census along 348 belt transects (50
x 10 m). At each location, 8-12 transects were done, half in and half outside (>200 m)
protected areas. Species, number, and estimated length was recorded for fish above 5 cm.
The marine protected areas were mostly <50 ha, and the years since implementation
were not reported.

A site comparison study in 2011-2013 of 18 coral reef sites on the Great Barrier Reef
in the Coral Sea, Australia (63) found that in a marine protected area where human
activity was controlled by zones, of six different fish trophic groups, two were more
abundant and two had a larger size and biomass in no-entry zones than no-take and fished
zones, after 10 to >20 years of protection. Densities of apex predators and browser
herbivores were higher in the no-take zone compared to both the no-take and fished
zones but there were no differences between areas for targeted and non-targeted
medium-sized predators and two other groups of herbivorous fish (data reported
graphically and as statistical results). Fish size and biomass differed between areas only
for the targeted and non-targeted predator groups and were higher in the no-entry zone
than the other zones (data reported as statistical results). In addition, the differences in
the predator groups due to protection level were not found to influence the density, size
or biomass of the herbivorous fish groups. Reefs in three management zones within the
Great Barrier Reef Marine Park were surveyed from October-April 2011-2013: no-entry
(protection >20 years), no-take (protected 10-20 years where fishing is prohibited but
non-extractive activities like diving are allowed), and fished areas. Fish were categorized
into six groups according to food chain position and exploitation status (see original
paper for details). At each reef (six per zone), apex predators were surveyed two to six
times using 45-minute timed swims (20 m wide transect) and medium-sized predators
and herbivores >10 cm total length using 10 to 16 transects (10 x 50 m).
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A replicated study in 1993-2013 of 17 reef areas off Cocos Island, in the eastern
Pacific Ocean, Costa Rica (64) found that over a period of 21 years, eight of twelve shark
and ray species declined in abundance or presence inside a no-fishing marine protected
area established for over 15 years, and poor enforcement may have contributed to the
decline. Percentage declines in observed abundance in the period from 1993 to 2013
were recorded for six of twelve species (scalloped hammerhead Sphyrna lewini: 45%,
whitetip reef shark Triaenodon obesus: 77%, marble ray Taeniura meyeni: 73%, eagle ray
Aetobatus narinari: 34%, mobula ray Mobula spp.: 78%, manta ray Manta birostris: 89%)
and declines in the likelihood of occurrence recorded for two (silky shark Carcharhinus
falciformis: 91%, silvertip shark Carcharhinus albimarginatus: 87%). The likelihood of
occurrence of four species increased between 1993 and 2013: tiger sharks Galeocerdo
cuvier (79%/yr, Galapagos sharks Carcharhinus galapagensis (33%/yr), blacktip reef
sharks Carcharhinus limbatus (9% /year) and whale sharks Rhincodon typus (5%/yr). In
addition, the authors reported inadequate enforcement of fishing controls were likely to
contribute to the declines. The Cocos Island National Park was designated in 1978, and
extended in 1984 and 2001, covering 22.2 km around the island. Fishing is banned within
the park but enforcement is poor and illegal shark fishing occurs. From 1993 to 2013
divers surveyed sharks and rays at 17 sites within the reserve by underwater visual
census for one hour. Sites were between 10 and 40 m depth. Common species were
recorded as count data and analysed as relative abundance while presence-absence data
were recorded for rare species and analysed as odds of occurrence.

A site comparison study in 2009-2014 of a coral reef area off San Miguel Island in the
Philippine Sea, Philippines (65) found more fish species and a higher overall fish
abundance of commercially important fish in a no-entry/no-fishing zone of a marine
protected area, compared to two partially fished zones and unprotected fished areas 10
to 15 years after implementation, and the effect of protection varied between individual
species groups and sizes. Across all years, the average species richness and fish
abundance of commercially important species was higher inside the no-entry zone
(species: 11-12, abundance: 28-41 fish/transect) than elsewhere and was similar
between partially fished protected zones (species: 3-8, abundance: 5-30 fish/transect)
and non-protected fished areas (species: 4-7, abundance: 10-15 fish/transect). For the
top six commercial fish family groups, the abundance of market-sized individuals of five
groups differed between areas, whereas for non-target sizes only one differed (see paper
for individual data). The San Miguel Island Marine Protected Area was designated in 1998
and has three zones with different levels of protection: a 1.0 km?2 sanctuary area (no
fishing or recreational activity), a 1.25 km? partially protected area (traditional fishing
types - gillnet, spear, trap, longline - permitted), and an outer 100 m buffer protected zone
with less restriction (not specified). In May 2009 and 2010 and December 2014, fish were
surveyed in each of the three zones and the adjacent unprotected area by underwater
visual census along a total of 10 haphazardly placed transects (50 m?2) at least 10 m apart.
Transects were located at reefs 1.3 km offshore and at depths of 9-21 m.

A site comparison study in 2013 of a rocky seabed area in the Atlantic Ocean, off
southwest Portugal (66) found that a marine protected area where all fishing activity
(except barnacle extraction) is prohibited, had a similar total fish species richness, a
higher biomass and size, but not density, of seabream Diplodus spp. and a similar
abundance, size and biomass of dreamfish Sarpa salpa and wrasses Labrus and Coris spp.
compared to an adjacent fished area after two years. Average fish species richness was
similar inside (7.8) and outside (4.5) the protected area. Biomass and size of Diplodus spp.
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was higher inside (biomass: 262 vs 105 g/100 m?; size: 11.3 vs 5.1 cm), but density was
similar (3.9 vs 5.4 fish/100 m?). Similar density, size and biomass were recorded inside
and outside the protected area for dreamfish (data not reported), and the wrasses Labrus
spp- (density: 0.8 vs 0.3 fish/100 m?; size: 18.4 vs 16.0 cm; biomass: 207 vs 21 g/100 m?)
and Coris sp. (density: 2.0 vs 4.5 fish/100 m?; size: 6.4 vs 4.3 cm; biomass: 47 vs 107 g/100
m?). In 2011, all fishing activity bar the extraction of barnacles was banned in the marine
section of the Natural Park of the Southwest Alentejo and Vicente Coast (28,858 ha). In
February and May 2013, fish were surveyed at two locations inside the protected area
and two in an adjacent fished area (all fishing permitted, except bottom trawling and
recreational fishing on Wednesdays). At each location two 40 m transects were swum by
divers and the number and total length of all fish except small benthic species were
recorded.

A site comparison study in 2012-2014 in shallow, sandy inshore areas in the western
Atlantic Ocean off South Caicos in the Turks and Caicos Islands, UK (67) found that
banning all fishing in a marine reserve resulted in a higher abundance of immature lemon
sharks Negaprion brevirostris, particularly of smaller sizes, and similar shark growth rates
but lower condition, compared to fished areas outside, after 20 years. Average abundance
of immature lemon sharks was higher inside (0.56 sharks/h) than outside (0.36
sharks/h) the reserve and there were more smaller individuals (data presented
graphically). Average condition factor was lower inside the reserve than outside, but
growth rates were similar (data reported as statistical tests). The Bell Sound Nature
Reserve was established in 1992 to protect bonefish Albula Vulpes and no fishing activity
is permitted. Between February 2012 and August 2014, sharks were sampled year-round
at 12 sites on a rotating basis (seven inside and five outside) using square-mesh gillnets
(100 m long by 1.83 m deep, 6.35 cm mesh size). Nets were set perpendicular to shore for
1-6 h. Sharks (new and recaptured tagged individuals) were removed from nets
immediately after capture, weighed and the total length measured. New individuals were
marked with both a plastic tag and a data recording tag.

A site comparison study in 2013-2014 of two coral reef sites in the Indian Ocean off
southwest Madagascar (68) found that overall species richness and abundance of post-
larval fish was similar at reefs where all fishing was prohibited for 15 years compared to
fished reefs, and individual fish species or family groups differed with changes in water
temperature, salinity and/or transparency. Overall, the non-fished reef had a similar
average number of fish species/families (non-fished: 3-6, fished: 1-9) and post-larval
abundance as the fished reef (non-fished: 5-24; fished: 2-26). In addition, the most
dominant and frequent species/families differed between reefs (see paper for individual
data) but this was influenced by sea surface temperature, salinity and water
transparency. Two differing reef sites 50 km apart were surveyed monthly (except
November) in August 2013-February 2014; a protected reef off Anakao (10 km?2,
protected from fishing since 1999) and a fished site in the Great Reef of Toliara, with
reduced coral diversity. Fish post-larvae were sampled at three locations per site using
light-traps and transferred live to a laboratory for identification to the lowest taxonomic
level possible.

A replicated, site comparison study in 2002-2012 of sixteen rocky coral reef sites in
a marine park in the Tasman Sea, New South Wales, Australia (69) found that banning all
fishing in areas of the park resulted in increased fish abundances of six of 12 fishery
targeted and non-targeted species or groups compared to areas where some fishing types
are allowed, and the effect varied with size and age (small, 10-20 years and large, 0-10

91



years) of the area protected. Across all years, average abundances of five of ten targeted
and one of two non-targeted fish species/groups (see paper for details) were higher at a
non-fished area than at fished areas, and no effect of management type was found for the
other six (data reported as statistical results and presented graphically for some species
only). In addition, the effect of management type was generally higher for large no-fishing
areas, and four of the six fish groups that differed with management type were more
abundant in larger no-fishing areas within a few years of establishment compared with
small no-fishing and fished areas (data reported as statistical results). Fish assemblages
were surveyed annually in 2002-2007, 2009 and 2012 at 16 sites, 9-16 m depth, in the
Solitary Islands Marine Park. Four sampling sites were in each of four management areas
(two no-take and two fished): small, no-fishing (<15 ha, established 1991), large, no
fishing (>100 ha, established 2002), recreational fishing but no commercial fish trapping
(>200 ha), and recreational fishing and commercial fish trapping (>200 ha per site). At
each site, fish were recorded along six underwater visual transects (125 m?2) and during
three replicate five-minute timed-swim counts (250 m?).

A study in 2008-2010 of an area of reef in a coastal marine park in the Indian Ocean,
off western Australia (70) found that the time sharks spent inside a small protected area
of the park where all fishing was prohibited for 20 years varied between three species
and that immature sharks were more likely to remain in the protected area than adults,
and thus receive more protection from fishing. Sicklefin lemon sharks Negaprion
acutidens spent 98-99% of time in the no-fishing protected areas, blacktip reef sharks
Carcharhinus melanopterus 0-99% and grey reef sharks Carcharhinus amblyrhynchos less
than 1% of time. Immature sharks were located inside the no-fishing areas for 84-99% of
time and adults 0-99%. In addition, immature sharks moved within smaller areas (0.6-
8.5 km?) than adults (3.6-21.8 km?). Ningaloo Reef is the largest fringing reef in Australia
(260 km long) and is protected by the multiple-use Ningaloo Marine Park established in
1987. Commercial fishing is prohibited and there are 18 no-fishing marine protected
areas (884 km?). Sharks were caught and tagged in the marine park at beaches inside (by
handlines) and outside (by longlines) a no-fishing area (11.35 km?) in February 2008 and
November 2009. A total of 56 acoustic receivers deployed inside and outside the no-
fishing area recorded tagged shark location every 30 minutes for up to two years. The
movement data for 12 sharks consistently detected for six months or more were analysed.

A site comparison study in 2008 of two submerged rocky cliff areas in the Tyrrhenian
Sea, Italy (71) found higher overall fish species richness, higher fish abundance and
biomass overall and for fisheries target species, and similar abundance and biomass of
non-target fish inside a no-take zone of a marine protected area where all fishing was
banned, compared to fished areas, although the effect varied with depth. Overall fish
species richness, total abundance and total biomass were higher inside the no-take zone
than fished areas at all depths (species richness: 14-18 vs 9-9, abundance: 235-357 fish
vs 125-141 fish, biomass data reported as log-transformed). The abundance of targeted
fish species was higher inside the no-take zone than fished areas at shallower depths (5
m: 136 vs 30, 10 m: 194 vs 25) but not at the deepest (20 m: 41 vs 23), and biomass was
higher inside at all depths (data log-transformed). Abundance and biomass of non-target
fish species were similar between areas (data reported as statistical results). The marine
protected area at Punta Campanella (1,300 ha, year of designation not reported) extends
from the coastline to 60 m depth and has two no-take areas. Underwater visual censuses
were undertaken in June and October 2008 at one of the no-take zones where all fishing
is banned (21 ha), and six partially protected sites where only some fishing (local fishers
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only and small vessels <10 gross tonnage) and other activities like diving are allowed.
Fish were recorded along transects (25 m x 5 m x 5 m) at three depths (5 m, 10 m, 20 m).
Three replicate transects were surveyed at each depth.

A site comparison study in 2010-2011 at 12 coral reef sites in the Sulu Sea, Malaysia
(72) found that prohibiting all fishing in a marine reserve resulted in a greater total fish
density and biomass, and a higher biomass but similar density of coral trout Plectropomus
spp., compared to fished areas outside, 11 years after implementation. Overall, areas
closed to fishing had a higher reef fish density (closed: 624 fish/250 m?, fished: 373
fish/250 m2) and biomass (closed: 40 kg/250 m?, fished: 12 kg/250 m?) than fished areas.
Average coral trout biomass was greater in closed (1.3 kg/250 m?2) compared to fished
areas (0.1 kg/250 m?2), but density was similar (closed: 1.5 fish/250 m?; fished: 0.4
fish/250 m?2). Sugud Islands Marine Conservation Area (467 km?2) was established in
December 2001 and prohibits fishing. Between April 2010 and November 2011, twelve
patch reefs around Lankayan Island were surveyed: eight reefs in the reserve area closed
to fishing and four open to fishing outside (0-3 km from the reserve border). Fish >3 cm
length were recorded (count and species) by diver visual census along four randomly
placed belt transects, 5 m wide by 50 m length, at each reef site (minimum 50-100 m
apart). Fish biomass was estimated using length-weight relationships.

A site comparison study in 2015 of 22 estuaries in the Tasman Sea, Australia (73)
found that prohibiting all fishing in estuarine reserves for between seven-12 years
resulted in greater abundance of two of two non-harvested fish species, but lower
abundance of four of four commercially harvested fish, compared to fished areas. Average
abundance of species not harvested in the region (estuary perchlet Ambassis marianus
and blue catfish Neoarius graeffei) was higher in unfished estuarine reserves than fished
estuaries (unfished: 0.48-9.57 ind, fished: 0.12-6.33 ind), whereas average abundance of
four fisheries-targeted species (yellowfin bream Acanthopagrus australis, grey mullet
Mugil cephalus, common toadfish Marilyna pleurosticta, weeping toadfish Torquigener
pleurogramma) was lower in the unfished reserves (unfished: 0.06-3.16 ind, fished: 0.39-
8.99 ind). In addition, fish communities were different between unfished reserve and
fished estuaries (data reported as a graphical analysis). The authors noted that
differences in the environmental attributes between the unfished and fished estuaries
contributed to the lower abundance in unfished estuaries for harvested fish. Data were
collected between June and August 2015 in six no-take (no extractive activities, including
fishing; one established 1993, the rest 2008) and 16 fished estuaries in the Moreton Bay
Marine Park (created 1993). Fish were surveyed twice (for 1 h) over two days at ten sites
(>250 m apart) in each estuary by baited remote underwater video. Counts were made of
the maximum numbers of individual fish visible by species.

A site comparison study in 2014 at two rocky sites in a bay in the North Sea off
western Norway (74) found that the commercial fishing mortality of corkwing wrasse
Symphodus melops originally tagged at a small temporary marine protected area where
fishing is prohibited was reduced compared to wrasse tagged at a fished site, but there
was a similar selective removal of fish by size and sex regardless of site of origin. Overall
fishing mortality of wrasse tagged inside the no-fishing site was lower than wrasse tagged
in a fished site (not fished: 6-9%, fished: 31-41%). However, fishing mortality of nesting
male wrasse (not fished: 12-15%, fished: 36-49%) was higher than for females (not
fished: 3-5%, fished: 29-36%) at both sites. Average total length of nesting males was
119-141 mm and females 131-136 mm. In 2014, a total of 1,057 corkwing wrasses were
tagged during (May-June) and after (July) the spawning period: 492 within a temporary
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no-fishing site (600 m of coastline, duration of protection was not reported) and 565 in a
nearby site with no fishing restrictions. Fishing mortality of tagged wrasse was
determined by recording the numbers captured and retained on all commercial potting
fishing trips occurring within the bay over a three-month period.

A site comparison study in 2007-2013 of 23 coral reef sites inside a marine reserve
in the Caribbean Sea off Belize (75) found that the effects of prohibiting all fishing for 14-
20 years on fish density, biomass and size varied with level in the food chain of five
representative fish species/groups, compared to fished reserve zones. Data were
presented graphically and as statistical results. Trends over time showed increases in
average fish densities (fish/ha), biomasses (g/ha) or sizes (length to tail fork, mm) in the
unfished zone compared to the fished zone: for large, and small, plant/algae-eating fish
(Scaridae spp.), one invertebrate-eating fish (hogfish Lachnolaimus maximus) and two of
three predatory (fish and/or invertebrates) fish (Nassau grouper Epinephelus striatus and
black grouper Mycteroperca bonaci). Average density and biomass of the other predatory
species (mutton snapper Lutjanus analis) showed no clear trends over time in the
unfished zone, but size decreased. Black grouper density decreased, and biomass
remained steady in both the unfished and fished zones, and small herbivores decreased
in both unfished and fished areas over time. Diffferences between the unfished and fished
zones were generally greater for the species at lower levels of the food chain (e.g.
plant/algae eaters). Glover’s Reef Atoll was established as a Marine Reserve in 1993 and
has several management zones including no-take (80 km?, all fishing banned), and
general use (270 km?, fishing permitted, with regulations - see original paper for details).
Fish in five no-take patch reefs and six fished reefs were monitored between 2007-2009,
increased in 2010-2013 to include 12 additional fished reefs. Each reef was sampled once
a year during April, May, or June. Fish number and estimated size over the entire area of
each reef down to 3 m was recorded by snorkellers.

A before-and-after study in 2007-2011 of reef and lagoon areas of an inhabited coral
reef island in the Pacific Ocean, Tonga (76) found that in the five years following the
creation of a no-take fishing zone in a newly co-managed area that also excluded fishers
from outside areas, the total fish catch rates in landed catches from the co-managed area
did not increase, catch rates of half of the six individual species groups decreased and
there was no decrease in overall fishing effort. No differences in total fish catch rates and
catch rates of three of six fish groups (Acanthuridae - Naso spp. Holocentridae,
Lethrinidae) were found since implementation, but catch rates of the remaining three
(Acanthuridae - Acanthurus spp. Scaridae, Serranidae) decreased (data reported as
statistical results). In addition, no difference in overall fishing effort was found (data
reported as statistical results), but the authors reported that this was likely to be due to
reduced travel to fishing grounds further away by resident fishers with the new exclusive
rights. Co-management formally commenced on the island of ‘O’ua (one of 170 Tongan
Islands) in 2007, covering a marine area of 4,606 ha, of which 203 ha is a no-take zone.
Only residents on ‘Ou’a can fish the co-managed area. Fish catches were sampled (species
and weight per trip) each year between 2007-2011 (total 184 records), collected
opportunistically from landings by individual fishers (see original paper for fishing
types). Catch data from spearfishing only was used for statistical analysis.

A site comparison study in 2006-2013 of a large area of coral reef atolls in an island
chain in the Pacific Ocean, USA (77) found that commercial fishing mortality of grey reef
sharks Charcharhinus amblyrhnychos tagged at a large marine reserve where all fishing
was banned for at least five years appeared to be low, and most of the sharks tracked by
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satellite remained inside the reserve, while some moved over large distances outside. The
data were not statistically tested. Only 2% (five) of the 262 conventional tags deployed
on sharks were recovered (the rest were either not caught or not reported), captured by
small-scale fisheries at locations outside the reserve between 223-366 km away on
average 587 days after tagging. Four of six sharks tracked by satellite remained inside the
reserve boundaries for the entire monitoring period (1.3 years), and two were detected
outside the reserve for 9% and 57% of time, travelling distances of up to 88 and 810 km
respectively. Recovery of satellite-tagged sharks was not reported. Palmyra Atoll National
Wildlife Refuge (54,126 km?2) was established in 2001 (boundaries extended in 2009 and
2014) and prohibits all fishing and other extractive activities. From October 2006 to July
2009, a total of 262 grey reef sharks were caught in the reserve and marked with
conventional tags on the dorsal fin. Recovered tags were actively sought (in 2007, 2009
and 2013) and encouraged from fishers at the three nearest inhabited and fished atolls
several hundred kilometres away. During the same period, 11 fin-mounted satellite tags
were deployed on adult sharks at the reserve, providing adequate data on the movements
of six.

A site comparison study in 2015-2016 of five areas of mixed seabed type
(sand/seagrass/mangrove) in the Tasman Sea, eastern Australia (78) found that over 15
months, giant shovelnose rays Glaucostegus typus spent more than half of the time inside
marine reserves where all fishing was prohibited compared to fished areas outside, and
it varied seasonally. Data were not statistically tested. Overall, rays were detected inside
no-fishing areas compared to fished areas 58% of the days. In addition, ray detections
inside the no-fishing reserves varied with season (winter: 53%, rest of year: 23%).
Shovelnose rays were tracked from January 2015 to March 2016 in and around five
marine reserves (fishing and extractive activities prohibited; the year established was not
reported) located in Moreton Bay Marine Park. A total of 20 rays were surgically fitted
with acoustic transmitters and released at two seagrass sites adjacent to reserves. The
rays were tracked by 28 receivers (covering 180 km?2) located in no-fishing and fished
areas. Tracking data were analysed for 16 rays detected by receivers for longer than seven
days, up to the removal of the receivers fifteen months later.

A review of ten studies of the effectiveness of different types of marine protected
areas (study areas were not reported) (79) found that the total biomass of fish
populations was highest in no-take marine protected areas relative to adjacent partially
protected (some fishing permitted) marine protected areas and openly fished
unprotected areas. The biomass of the whole fish assemblage was on average 670%
greater within no-take protected areas than unprotected areas, and 343% greater than in
partially protected areas. Fish biomass in partially protected areas was 183% greater
than unprotected areas and was often similar. In addition, recovery of fish biomass over
time was found in no-take areas after protection (nine-19 years), but not in partially
protected or unprotected areas (data presented as log-ratios). The review surveyed peer-
reviewed studies (total number not reported) documenting the biomass of whole fish
assemblages of no-take marine reserves, partially protected marine protected areas, and
open access areas all within the same vicinity. A meta-analysis of seven published and
three unpublished studies (author and year reported only) comparing biomass data
between all three areas was done.
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2.16 Cease or prohibit all fishing activity in a marine protected area
with limited exceptions

e Four studies examined the effects of ceasing or prohibiting all fishing activity in a marine protected
area with limited exceptions on marine fish populations. One study was in each of the Pacific Ocean'
(USA), the Caribbean Sea? (US Virgin Islands), the Great Barrier Reef3 (Australia) and the
Skagerrak* (Norway).

COMMUNITY RESPONSE (1 STUDY)
¢ Richness/diversity (1 study): One site comparison study in the Caribbean Sea?found that in
marine protected areas closed to all fishing with limited exceptions for up to seven years, there
was lower total fish species richness compared to unprotected areas.

POPULATION RESPONSE (3 STUDIES)

e Abundance (2 studies): One replicated, site comparison study in the Pacific Ocean' found that
abundance of copper rockfish, quillback rockfish, china rockfish and lingcod was similar between
non-voluntary and voluntary ‘no-take’ reserve sites where all fishing with limited exceptions had
been prohibited for one to eight years, and sites open to fishing. One site comparison study in
the Caribbean Sea? found that restricting all fishing activity except for bait fishing in marine
protected areas for seven years resulted in similar total fish biomass and lower total fish density,
compared to unprotected areas.
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o Survival (1 study): One replicated, controlled, before-and-after study in the Skagerrak# found
that cod survival increased inside a marine protected area in the eight years after almost all
fishing was prohibited, compared to outside areas fished with a wider range of gear types.

BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated study in the Great Barrier Reef? found that immature pigeye sharks
and adult spottail sharks were detected frequently and over long time periods inside marine
protected areas five years after prohibiting almost all fishing except restricted line fishing and bait
netting, thus reducing the overall likelihood of fishing mortality.

Background

Marine Protected Areas are designations for marine sites in which fish (and other marine
animals and habitats) conservation can be promoted through management of the fishing
activity and other human activities. Many protected areas are ‘no-take’ areas in which no
harvesting or collection of marine organisms is permitted by any method. However, some
may prohibit almost all harvesting but permit very limited fishing activity (i.e. only one
type of harvest activity and/or target species), typically those that are considered to be
more selective and have no impact on the bottom habitat. depending on the purpose and
the characteristics of the species or habitats intended to be conserved. Ceasing or
prohibiting almost all fishing activity may benefit previously impacted populations by
allowing them to recover from the effects of fishing over time, whilst allowing the limited
use of other resources in the protected area or for it to be used for a specific purpose with
potentially little or no impact.

Evidence for similar interventions relating to prohibiting human activity, including
fishing, in marine protected areas is summarized under ‘Cease or prohibit all types of
fishing in a marine protected area’, ‘Control human activity in a marine protected with a
zonation system of restrictions’ and ‘Restrict fishing activity (types unspecified) in a marine
protected area’.

A replicated, site comparison study in 1998 of eight rocky and sandy sites in the San
Juan Archipelago, northwest Pacific Ocean, USA (1) found no differences in the
abundances of copper rockfish Sebastes caurinus, quillback rockfish Sebastes maliger,
China rockfish Sebastes nebulosus and lingcod Ophiodon elongatus between voluntary no-
take sites (no collection of finfish except for salmon) protected for one year, no-take sites
(all collection of marine organisms prohibited except for approved scientific research)
protected for eight years, and nearby sites open to fishing. Results were reported only as
statistical results (ordination analyses). The authors suggested the lack of increase in fish
abundance inside protected compared to non-protected areas was likely due to a lack of
compliance and enforcement of the restrictions. In July 1998, two marine protected areas
(designated 1997 as voluntary no-take zones where no finfish except salmon could be
collected - no gears specified), three research marine reserves (established 1990,
extractive activities prohibited except for research, sea urchin fishery closed since late
1970s), and three unprotected openly fished areas were surveyed. Two divers identified
and counted fish along 300 m? transects on reef slopes up to 20 m deep (4 transects/site).

A site comparison study in 2003-2008 of two reef areas in the Caribbean Sea, US
Virgin Islands (2) found that prohibiting almost all fishing except for bait within a marine
protected area resulted in lower fish species richness and density and similar fish
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biomass compared to adjacent unprotected areas in the seven years after protection.
Species richness and fish density was lower inside the protected area than outside
(species richness: 24 vs 27 species/100 m?2; density 229 vs 294 fish/100 m?) and biomass
was similar (inside: 7,900, outside: 8,800 g/100 m2). The Virgin Islands Coral Reef
National Monument was established in 2001 to extend the existing Virgin Islands National
Park. In the study area, all extractive uses and boat anchoring were prohibited, except for
a small area where bait fishing was permitted (no species or gears specified). Annually, in
July 2003-2008, protected areas (18-20 sites/year) and fished areas (15-18 sites/year)
were surveyed. Divers recorded fish number, length and species along 25 x 4 m belt
transects. Biomass was estimated using average length for each size class.

A replicated study in 2009-2010 of two shallow coastal areas in the Great Barrier
Reef, Coral Sea, Australia (3) found that individuals of two shark species displayed
frequent and long-term use of marine protected areas prohibiting all fishing (except
restricted line fishing and bait netting) for five years, and thus were protected from
fishing for a proportion of time. Immature pigeye Carcharhinus amboinensis and adult
spottail Carcharhinus sorrah were detected inside protected areas an average of 23%
(range 2-67%) and 32% (range 0-67%) of time respectively, and for 4-676 days (average
190 days) and 28-566 days (average 281 days). In addition, the amount of time spent
inside protected areas was significantly different between sexes for spottail, but not
pigeye, with female spottail spending more time (38%) than males (21%). All the tracked
sharks left the protected areas during monitoring, on average 0.9 times/day for pigeye
and 1.7 times/day for spottail. Sharks were monitored in two marine protected areas in
Cleveland Bay (140 km?) off the wider Great Barrier Reef Marine Park (rezoned in 2003)
in which trawling and netting (bait netting excluded) are prohibited and line fishing is
limited to one line per person and one hook per line. Sharks are not targeted by the
permitted fisheries and 95% are released alive if captured. From 2009 to 2010, tracking
data was collected from 37 sub-adult pigeye and 20 adult spottail fitted with acoustic
transmitters by 55 underwater receivers deployed inside the two protected areas.

A replicated, controlled, before-and-after study in 2005-2013 of three seabed areas
in the Skagerrak, Norway (4) found that in a marine protected area prohibiting almost all
fishing, except for commercial hook and line fishing of cod Gadus morhua and research
sampling, cod survival increased over eight years, compared to outside areas where a
wider range of fishing gear types were allowed. Overall average survival probability of
cod inside the protected area increased after implementation (after: 0.2-0.4, before: 0.1-
0.2) and in comparison with areas outside the protected area (after: 0.2, before: 0.2).
Sampling was done in April-July 2005-2013. Cod were captured inside the protected area
and at two unprotected sites with fyke nets and tagged and released at the capture
location. Data on 10,764 recaptures of tagged fish were used: 1,454 tagged within the
protected area and 9,310 tagged in other areas along the Skagerrak coast. Survival was
estimated using a model, described in the original paper. The protected area (Flgdevigen,
1 km?) was implemented in September 2006 and allowed a hook and line fishery and
research sampling. At unprotected areas, hook and line, gillnets, fyke nets and other
fishing gear types were allowed, but not bottom trawling within 12 nautical miles from
the coast, with an exception for small scale coastal trawling for shrimp Pandalus borealis.

(1) Tuya F.C., Soboil M.L. & Kido J. (2000) An assessment of the effectiveness of Marine Protected Areas in
the San Juan Islands, Washington, USA. ICES Journal of Marine Science, 57, 1218-1226.

(2) Monaco M.E., Friedlander A.M., Caldow C., Hile S.D., Menza C. & Boulon R.H. (2009) Long-term
monitoring of habitats and reef fish found inside and outside the U.S. Virgin Islands Coral Reef National
Monument: A comparative assessment. Caribbean Journal of Science, 45, 338-347.
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(3) Knip D.M., Heupel M.R. & Simpfendorfer C.A. (2012) Evaluating marine protected areas for the
conservation of tropical coastal sharks. Biological Conservation, 148, 200-209.

(4) Fernandez-Chacén A., Moland E., Espeland S.H. & Olsen E.M. (2015) Demographic effects of full vs. partial
protection from harvesting: inference from an empirical before-after control-impact study on Atlantic cod.
Journal of Applied Ecology, 52, 1206-1215.

2.17 Control human activity in a marine protected area with a

zonation system of restrictions

e Eight studies examined the effects of controlling human activity in a marine protected area with a
zonation system of restrictions on marine fish populations. Three studies were in the Indian
Ocean'45 (South Africa), two were in the Coral Sea®8 (Australia), and one was in each of the
Southern Atlantic Ocean? (South Africa), the Ligurian Sea® (ltaly) and the Philippine Sea’
(Philippines).

COMMUNITY RESPONSE (1 STUDY)

Richness/diversity (1 study): One site comparison study in the Philippine Sea’ found a higher
number of fish species in the no-fishing/no access zone of a multi-zoned marine protected area
compared to two partially fished zones and unprotected fished areas 10 to 15 years after
implementation.

POPULATION RESPONSE (4 STUDIES)

Condition (4 studies): Two of four site comparison studies in the southern Atlantic Ocean?,
Ligurian Sea?, Indian Ocean* and the Coral Sea® found that controlling human activity in marine
protected areas with a zonation system of restrictions resulted in larger average lengths of
steentjies? and three seabream species three years after implementation3 compared to
unprotected fished areas, and lengths were largest within a no-take zone than a partially fished
zone2. Two other studies*8 found larger sizes of four of four coral reef fish in a zone where nearly
all fishing is prohibited compared to an adjacent zone with fewer fishing restrictions two to seven
years after protection4, and of two of six fish feeding groups in no-entry zones compared to both
no-take and fished zones protected between 10 and 20 years®.

Abundance (6 studies): Two of four site comparison studies (one replicated) in the Ligurian
Sea?, Philippine Sea’ and the Coral Sea®?® found that controlling human activity in protected areas
with a zonation system of restrictions resulted in a greater biomass and/or abundance of fish
species after 3-15 years compared to unprotected areas outside®7, and between the zones fish
abundance varied with the level of restriction37 and between individual fish groups and sizes’.
The other two studies®8 found higher density, biomass®8, and abundance® of fish in non-fished
zones (no-entry and no-take) compared to fished zones inside areas protected for 10 to 27 years
depending on region, but the effect varied between fish feeding groups®:8, zone protection level68
and reef region8. One site comparison study in the Indian Ocean# found higher abundances of
four of four reef fish species in a zone where nearly all fishing is prohibited, compared to an
adjacent zone with fewer fishing restrictions. One site comparison study in the Southern Atlantic
Ocean? found that steentjies in a protected zone closed to fishing but open to other recreational
activities had a different age and sex structure to a fished multipurpose zone, and both were
different to a distant unprotected fished site with low steentjie exploitation.

BEHAVIOUR (2 STUDIES)

102



e Use (2 studies): Two site comparison studies in the Indian Ocean'found that in marine protected
areas with zonation systems of activity controls, most of the individuals of the reef fish species
tagged and released inside the protected areas were recaptured again at almost the same locations
over the following nine' or four yearss, and mainly in the zones where all' or nearly all® fishing was
prohibited for up to 20 years, indicating increased protection from fishing.

Background

Marine Protected Areas are legally protected marine sites in which fish (among other
marine animals and habitats) conservation can be promoted through controls on the
fishing and other human activities that take place within its boundaries. The level of
protection varies widely in protected areas, from the banning of all human access to
permitting selected activities including some fishing types. Marine protected areas that
want to allow a wide range of human activities are generally divided into zones with
different rules on access and use in each. They may typically have reserve zones where all
fishing is prohibited and ‘partially-protected zones’ that allow fishing with specified gears
or for certain species only. Zoning of marine protected areas is considered an easy
management measure to implement (Sale 2002) and is a way of providing or maintaining
socio- and economic benefits to local regions and communities.

Evidence for similar interventions relating to prohibiting human activity, including
fishing, in marine protected areas is summarized under ‘Cease or prohibit all types of
fishing in a marine protected area’, ‘Cease or prohibit all fishing activity in a marine
protected area with limited exceptions’ and ‘Restrict fishing activity (types unspecified) in a

marine protected area’.
Sale P.F. (2002) Coral reef fishes: Dynamics and Diversity in a Complex Ecosystem. Elsevier Science, USA.

A site comparison study in 2001-2013 of four surf-zone sites in the Indian Ocean, off
South Africa (1) found that the majority of recaptures of tagged fish from five species
made over a nine-year period, occurred inside a marine reserve where fishing activity
was controlled by zones, mainly in the no-take zone where all fishing has been banned for
over 20 years. Most individuals of the five main study species were recaptured within 200
m of their original release site: grey grunter Pomadasys furcatus: 88%, catface rockcod
Epinephelus andersoni: 84%, yellowbelly rockcod Epinephelus marginatus: 92%, cavebass
Dinoperca petersi: 88% and speckled snapper Lutjanus rivulatus: 79%. Overall, 61% of
fish were originally tagged at sites in the no-take zone and the rest in the zone that allows
shore angling, recreational boat angling and spearfishing for pelagic gamefish only. In
addition, the maximum times between release and capture ranged from 287-3,163 days;
average recapture rate was 29%, and 632 of the 3,224 fish tagged were recaptured at
least once. The St Lucia Marine Reserve in South Africa was established in 1979. From
November 2001- 2013, a total of 6,613 fish from 71 species were tagged and released at
four sites in the reserve: two in a no-take zone and two in a restricted fishing zone. Over
the same sampling period, details of fish recaptured in the reserve by the research team
and angling public, and other reported recaptures in fished areas outside the reserve
were recorded.

A site comparison study in 2006-2007 of three seabed sites in the Southern Atlantic
Ocean, off South Africa (2) found that in a multi-zoned protected area steentjies
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Spondyliosoma emarginatum in a zone closed to all fishing were larger, and had a different
age and sex structure, than a fished multipurpose zone and both showed differences to a
distant unprotected fished site with low steentjie exploitation. Overall, average size of
steentjies was larger in the no-fishing protected zone than the fished zone (non-fished:
238-271 mm, fished: 210-262 mm) and both were larger compared to a distant
unprotected fished site (187-218 mm). The frequency of females was highest in the fished
protected zone (reserve non-fished: 53%, reserve fished: 83%, distant non-targeted:
39%) and the frequency of males was highest at the distant site (reserve non-fished: 17%,
reserve fished: 5%, distant non-targeted: 57%) (transitional males make up the
difference). In addition, larger and older females and larger male steentjies were fewer in
the fished protected zone compared to the no-fishing zone (data presented graphically).
Steentjies were captured by line fishing at two sites inside Langebaan Lagoon reserve in
April-September 2007. One site was a no-fishing zone permitting sailing and canoeing
only and one was a multi-purpose recreational zone permitting fishing and other
activities (year of implementation not reported). Steentjies were also caught at a third
site off Struisbaai by research vessel from November 2006 to April 2007. Commercial and
recreational fishing is permitted but steentjies are not generally targeted. A total of 319
steentjies were sampled for length, sex and age.

A site comparison study in 2004-2005 of four rocky reef areas in the Ligurian Sea,
Italy (3) found that length, biomass and density of three seabream Diplodus species was
greater in a three year old marine protected area split into three fishing management
zones, compared to adjacent unprotected fished areas, and differences between zones
varied with sampling season (length) and level of restrictions (biomass and density). The
average seabream length was greater in all three zones of the protected area than outside
(inside: 12-24 cm, outside: 8-13 cm), however differences between the protected zones
varied with sampling season. The density and biomass of sharpsnout seabream Diplodus
puntazzo varied between protected zones and was higher overall than outside the
protected area (results reported as statistical analysis). White seabream Diplodus sargus
density and biomass was higher inside compared to outside, except in the management
zone with intermediate protection where only biomass was higher and was affected by
zone and sampling time. The biomass, but not density, of common two-banded seabream
Diplodus vulgaris differed between protected zones and was higher in the two
management zones with a greater level of protection compared to outside. The Portofino
marine protected area (346 ha) was established in 1999, with protection enforced in
2001. Three levels of management protection were in place: a no-entry, no-take zone, a
zone permitted only for local traditional commercial and recreational fishers (see paper
for specified gears), and a zone where, in addition, non-resident shore fishing with hook
and line is permitted. Fish were sampled by underwater visual census (25 x 5 m
transects) in November 2004 and 2005 at two sites in each management zone of the
protected area and at six sites in unprotected areas.

A site comparison study in 2006-2011 of two coral reef areas in a zoned marine
protected area in the Indian Ocean, South Africa (4, same experimental set-up as 5) found
higher abundance and larger size of four of four coral reef fish species in a ‘no-take’ zone
where almost all fishing is prohibited, compared to an adjacent zone with fewer fishing
restrictions, two to seven years after protection. In each year, individual catch rates were
higher inside the no-take zone than the fished zone for all four species: slinger
Chrysoblephus puniceus (3.1 vs 0.8 fish/angler/h), Scotsman Polysteganus praeorbitalis
(1.2 vs 0.3 fish/angler/h), poenskop Cymatoceps nasutus (0.4 vs 0.2 fish/angler/h) and
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yellowbelly rockcod Epinephelus marginatus (0.6 vs 0.1 fish/angler/h). Average lengths
were also higher (slinger: 293 vs 240, Scotsman: 415 vs 359, poenskop: 417 vs 380,
rockcod: 495 vs 435 mm). In addition, three of the four species (slinger, Scotsman,
rockcod) showed increases in size over time (data not tested statistically). The Pondoland
Marine Protected Area (800 km?) was designated in 2004 and comprises a central ‘no-
take area’ (400 km?2) closed to all offshore (vessel based) exploitation. On either side of
the no-take zone are two controlled fishing areas where offshore line fishing and
spearfishing are permitted. No commercial fishing, such as trawling or long-lining, is
permitted anywhere in the protected area. From April 2006 to June 2011 quarterly
research angling was conducted at two sites in the no-take zone and two in the nearby
exploited zone (6 h angling in each zone) at 10-30 m depth. Data were analysed for four
species that had been depleted by line fishing.

A site comparison study in 2006-2010 of four coral reef sites in the Indian Ocean, off
South Africa (5, same experimental set-up as 4) found that the majority of recaptures of
four of four fish species that were tagged inside a marine protected area where fishing
activity is controlled by zones, occurred close to the original release site, mainly in the
zone where nearly all fishing is prohibited, thus were protected from most fishing activity.
Overall, 94% of recaptured individuals of four of four species were recorded within the
same zone where they were originally tagged (mainly in the no-take zone), and most
within 250 m of release site (Scotsman Polysteganus praeorbitalis: 72%, slinger
Chrysoblephus puniceus: 76%, yellowbelly rockcod Epinephelus andersoni: 90%, catface
rockcod Epinephelus marginatus 97%). In addition, recaptures for only 19 fish were
recorded outside the protected area (3-1,059 km away). Recapture rates ranged from 8-
60% and time between release and capture from 0 to 1,390 days. A total of 1,022 fish (780
in the no-fishing zone) of the four study species were tagged inside the two-zoned
Pondoland Marine Protected Area (800 km?2, of which half is restricted no-take, year
implemented was not reported) from April 2006 to July 2010. Fish data (tag recaptures)
were collected quarterly in the protected area by line fishing at two sites in the ‘no-fishing’
zone (no offshore vessel based fishing) and two sites in a controlled fishing zone (permits
offshore line fishing and spearfishing). No commercial fishing such as trawling or
longlining is permitted anywhere in the protected area. Recapture data from areas
outside the protected area were reported by the angling public.

A site comparison study in 2011-2013 of 18 coral reef sites in the Great Barrier Reef,
Coral Sea, Australia (6) found that in a marine protected area where human activity has
been controlled by zones for 10-20 years, two of six different groups of fish were more
abundant and two had alarger size and biomass in no-entry zones than no-take and fished
zones. Densities of apex predators and browser herbivores were higher in the no-take
zone compared to both the no-take and fished zones but there were no differences
between areas for targeted and non-targeted medium-sized predators and two other
groups of herbivorous fish (data reported graphically and as statistical results). Fish size
and biomass differed between areas only for the targeted and non-targeted predator
groups and were higher in the no-entry zone than the other zones (data reported as
statistical results). In addition, the differences in the predator groups due to protection
level were not found to influence the density, size or biomass of the herbivorous fish
groups. Reefs in three management zones within the Great Barrier Reef Marine Park were
surveyed from October-April 2011-2013: no-entry (protection >20 years), no-take
(protected 10-20 years where fishing is prohibited but non-extractive activities like
diving are allowed), and fished areas. Fish were categorized into six groups according to

105



food chain position and exploitation status (see original paper for details). At each reef
(six/zone), apex predators were surveyed 2-6 times using 45-minute timed swims (20 m
wide transect) and medium-sized predators and herbivores >10 cm total length using 10-
16 transects (10 x 50 m).

A site comparison study in 2009-2014 of a coral reef area off San Miguel Island in the
Philippine Sea, Philippines (7) found more fish species and a higher overall fish
abundance of commercially important fish in a no-entry zone of a marine protected area,
compared to two partially fished zones and unprotected fished areas 10-15 years after
implementation, and the effect of protection varied between individual species groups
and sizes. Across all years, the average species richness and fish abundance of
commercially important species was highest inside the no-entry zone (species: 11-12,
abundance: 28-41 fish/transect) and was similar between partially fished protected
zones (species: 3-8, abundance: 5-30 fish/transect) and non-protected fished areas
(species: 4-7, abundance: 10-15 fish/transect). For the top six commercial fish family
groups, the abundance of market-sized individuals of five groups differed between all
three levels of protection, whereas for non-target sizes only one differed (see paper for
individual data). The San Miguel Island Marine Protected Area was designated in 1998
and had two zones with different levels of protection: a 1.0 km? sanctuary area (no fishing
or recreational activity) and a 1.25 km? partially protected area (traditional fishing - gill
net, spear, traps and line - permitted), with an outer 100 m buffer protected zone. The
unprotected area was fished with active (e.g. seines) and passive gears. In May 2009 and
2010 and December 2014, fish were surveyed in each of the three zones and the adjacent
unprotected open area by underwater visual census along a total of 10 haphazardly
placed transects (50 m?) at least 10 m apart. Transects were located at reefs 1.3 km
offshore and at depths of 9-21 m.

A replicated, site comparison study in 2013-2014 of two coral reef regions of the
Great Barrier Reef, Coral Sea, Australia (8) found that although density and biomass of
fish from all feeding groups