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PREPARATION OF THIS DOCUMENT

The Seventh Session of the Sub-Committee on
Aquaculture of the FAO Committee on Fisheries
(COFI) acknowledged the growing importance of
spatial planning to promote aquaculture growth, and
requested the Food and Agriculture Organization of
the United Nations (FAO) to develop a step-by-step
guide for the implementation of spatial planning
tools and continue capacity building in developing
countries. Furthermore, environmental, aquatic animal
health and socioeconomic issues require an ecosystem
approach to management of the sector moving
beyond individual farms to the management of
spatial units such as aquaculture zones or aquaculture
management areas. To this end, FAO in partnership
with the World Bank have prepared this publication
on aquaculture zoning, site selection and aquaculture
management areas under the ecosystem approach

to aquaculture. It is aimed primarily at managers and
policy-makers, but has relevance to a wide range of
stakeholders.

An expert workshop on Site Selection and Carrying
Capacities for Inland and Coastal Aquaculture
convened on 6-8 December 2010 at the Institute

of Aquaculture, University of Stirling, the United
Kingdom of Great Britain and Northern Ireland, and
proposed the development of a guide for aquaculture
site selection and carrying capacity estimation within
an ecosystem approach to aquaculture.

This publication builds on the experiences gained in
that expert workshop. This document was validated
by contributors to this publication and other
international experts at a workshop in Izmir, Turkey,
on 5-8 July 2015. It was also tested in a few countries
such as Angola, Kenya and the United Republic of
Tanzania before it was finalized.

The purpose of the publication is to provide practical
guidance on spatial planning to managers, policy-
makers, technical staff and farmers. The publication
reviews spatial planning and management of
aquaculture development within the framework of
the ecosystem approach to aquaculture development,
and also presents suggestions for a strategy for their
implementation using an area management approach
to ensure greater sustainability for future aquaculture
development initiatives by governments. It is based on
the FAO Code of Conduct for Responsible Fisheries,
which contains principles and provisions in support of
sustainable aquaculture development. The publication
is global in its reach and is aimed to be of relevance
and use in developing countries.

The handbook and Annexes 1, 2, 3 and 4 were
edited by FAO/World Bank. However, Annexes 5
(case studies) and 6 (workshop report) have been
reproduced as submitted.

Aquaculture zoning, site selection and area management under the ecosystem approach to aquaculture | iii



ABSTRACT

The ecosystem approach to aquaculture provides

the conceptual guideline for spatial planning and
management. This publication describes the major
steps related to these activities. The rationale for and
objectives of each step, the ways (methodologies) to
implement it, and the means (tools) that are available
to enable a methodology are described in a stepwise
fashion. Recommendations to practitioners and
policy-makers are provided. A separate policy brief
accompanies this paper. The benefits from spatial
planning and management are numerous and include
higher productivity and returns for investors, and more
effective mitigation of environmental, economic and
social risks, the details of which are provided in this
paper. While the costs are not explicit, the publication
describes the resources required—some in broad terms,
others in more detail —to apply the methodologies and
to acquire and use essential tools.

This publication is organized in two parts. Part one is
the “Guidance”; it is the main body of the document
and describes the processes and steps for spatial
planning, including aquaculture zoning, site selection
and area management.

Part two of the publication includes six annexes that
present key topics, including: (i) binding and non-
legally binding international instruments, which set the
context for sustainable national aquaculture;

(i) biosecurity, zoning and compartments, infected
zones and disease-free zones; (iii) aquaculture
certification and zonal management; (iv) an overview
of key tools and models that can be used to facilitate
and inform the spatial planning process; (v) case
studies from ten countries—Brazil, Chile, China,
Indonesia, Mexico, Oman, the Philippines, Turkey,
Uganda and the United Kingdom of Great Britain and
Northern Ireland; and (vi) a workshop report.

The country case studies illustrate key aspects of the
implementation of spatial planning and management
at the national level, but mostly within local contexts.
Take-home messages include the ways in which
institutional, legal and policy issues are addressed to
implement the process, or parts of the process. Some
of the case studies such as Chile, Turkey and the
United Kingdom of Great Britain and Northern Ireland
provide examples of the benefits to the aquaculture
industry from the application of spatial planning and
management.

Aguilar-Manjarrez, J., Soto, D. & Brummett, R. 2017. Aquaculture zoning, site selection and area management
under the ecosystem approach to aquaculture. Full document. Report ACS113536. Rome, FAO, and World Bank

Group, Washington, DC. 395 pp.
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FOREWORD

With increasing wealth, health consciousness and
global population, coupled with continued reliance of
poor coastal communities on fish for protein, demand
for seafood is increasing. Current levels of wild capture
fisheries are unsustainable and declining. Aquaculture
is a key component of closing the distance between
demand and supply.

New investment in the order of US$100 billion is
needed to grow aquaculture, but the generally
small scale and organic growth of the aquaculture
industry has made it difficult to plan and regulate,
contributing importantly to the high levels of risk
perceived by potential new investors. In particular,
poor spatial planning can undermine the viability
of businesses and the social and economic benefits
derived from aquaculture development. Vulnerability
to external shocks, the outbreak and spread of
disease, environmental impacts, and social conflicts
with other resource users are all symptomatic of
bad planning. And, of course, the flip side is true:
good spatial planning can attract investment while
ensuring equitable access to ecosystem services by
communities, helping countries achieve the desired

Malcolm Beveridge
Acting Head
Aquaculture Branch
FAQ Fisheries and Aquaculture Department
Rome

social and economic outcomes resulting from
aquaculture development and at the same time
protecting the environment, all essential elements
of the “Blue Economy”. It is also a key element in
building resilience to climate change and resolving
transboundary issues around trade and biosecurity.

The Food and Agriculture Organization of the United
Nations (FAO) Fisheries and Aquaculture Proceedings
No. 21 on Site selection and carrying capacities for
inland and coastal aquaculture, published in 2013,
lays out the theoretical underpinnings of an ecosystem
approach to aquaculture. This handbook seeks to
describe its implementation and ensure that countries
and communities can integrate their investments in
aquaculture within the wider ecosystem, such that

it promotes sustainable development, equity, and
resilience of interlinked socio-economic systems.

Good spatial planning and management are absolutely
essential if aquaculture is to maximize its potential

to reduce poverty and hunger and meet the demand
from the growing middle class. The World Bank

and FAO together are delighted to have, at last, a
comprehensive handbook to help us do just that.

Valerie Hickey
Practice Manager, Strategy and Operations
Environment and Natural Resources Management
The World Bank
Washington, DC
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1. INTRODUCTION
1.1 Objectives and target audience

Generally, the starting point for national aguaculture
planning comes from a need for fish, jobs and/

or taxable revenues from organized aquaculture
development. Unplanned aquaculture development
has led to negative environmental and social impacts
that can outweigh the benefits of growing more

fish or other aquatic products. Some countries with
experience in aquaculture have adopted spatial
planning' based on a balance between environmental
carrying capacity, social risks and economic
opportunities to minimize negative impacts while
permitting the industry to contribute to the national
economy. The main objective of this publication is to
provide practical guidance on spatial planning to a
broad range of stakeholders. These stakeholders are
the target audience for this publication and include
policy-makers, regulators, developers, farm managers,
scientists and providers of extension services, whose
relevance is defined in Table 1.

TABLE 1. Users of this publication

This publication is presented in two parts. Part 1
“Guidance” is the main body of the document and
describes the processes and steps for spatial planning,
including agquaculture zoning, site selection and area
management.?

Specific processes and steps are placed in their relevant
context to highlight their rationale and how they

can be applied within a spatial planning framework.
The guidance (Part 1) can be used as a “standalone”
section by policy-makers, planners and stakeholders
with reference to Part 2 as appropriate. The guidance
is necessarily generic because the approaches will vary
significantly depending on location and application,
but broadly agreed-upon steps and a common
framework for more sustainable approaches are
described. Possible activities and spatial planning tools
are briefly introduced in Part 1 with a few examples of
their application.

Part 2 includes “six annexes” that present key topics:
(i) binding and non-legally binding international
instruments, which set the context for sustainable

Users Relevant processes and activities

Policy-makers

Regulators

Guide on policies, requirements and processes for responsible aquaculture planning and management

All the sections and steps are relevant to improve norms, regulations and enforcement, including

zoning, site selection, licencing and permitting, fish health management, area management systems,

monitoring and feedback

Farm developers

Relevant guide on farm site selection, carrying capacity and maximum production limits,

environmental impact assessments and biosecurity

Farm managers

Management of the farm and coordination with neighbouring farms within the aquaculture

management area for biosecurity, health management and environmental management

Scientists
surveys
Extension services
biosecurity

Zone and site selection tools, carrying capacity estimation, and environmental and health monitoring

Support zoning processes, aguaculture management area development and servicing, including

' Spatial planning refers to the methods used by the public sector to influence the distribution of people and activities in spaces of
various scales. Spatial planning takes place at the local, regional, national and international levels and often results in the creation of a
spatial plan. Spatial planning also entails a system that is not only spatial, but one that also engages processes and secures outcomes

that are sustainable, integrated and inclusive (FAO, 2013).

2 A separate policy brief accompanies this paper. See FAO & World Bank. 2015. Aquaculture goning, site selection and area management under
the ecosystem approach to aquaculture. Policy brief. Rome, FAO. (also available at www.fao.org/documents/card/en/c/4c777b3a-6afc-4475-bfc2-

a51646471b0d))




national aquaculture; (ii) biosecurity, zoning and
compartments, infected zones and disease-free zones;
(iii) aquaculture certification and zonal management;
(iv) an overview of key activities and relevant tools
that can be used to facilitate and inform the spatial
planning process; (v) case studies from ten countries
—Brazil, Chile, China, Indonesia, Mexico, Oman, the
Philippines, Turkey, Uganda and the United Kingdom
of Great Britain and Northern Ireland; and (vi) a
workshop report. A summary analysis of the ten case
studies is provided to highlight the main gaps and
issues in the processes of zoning, site selection and
design of aquaculture management areas. The ten
case studies are presented in detail to describe the
processes and steps carried out by each country.

Part 2 should be read in conjunction with Part 1, as the
latter provides the context and rationale for the former.
The most important activities and tools that can be used
to facilitate more integrated planning are reviewed.
Where appropriate, the reader is directed to other more
comprehensive reviews and other documents.

This publication provides practical advice based

on field experience in planning of aquaculture

using selected case studies from around the world.
Practitioners are encouraged to select, modify and
continuously adapt their approaches and tools to their
own specific circumstances. It calls for pragmatic and
systematic, but flexible planning and management,
combined with a good dose of participation, patience,
persistence, adequate funding and good governance
to create an enabling environment conducive to
sustainable aquaculture development.

1.2 Why spatial planning of aquaculture?
Inappropriate spatial arrangement and site selection
of aquaculture is a major constraint to sustainable
development and expansion of the industry. To create
a successful aquaculture business, it is necessary to

w

have farm sites based in locations that are suitable for
sustainable production. All aquaculture species have
specific biological needs such as oxygen, temperature
and good water quality that have to be fulfilled to
secure high production and to minimize stress and
disease. Location of aquaculture farms require access
to land and water where use must also co-exist

with other human activities. Access to roads and
electricity (infrastructure) is also necessary. A poor
location of an aquaculture farm or zone will not only
create environmental problems such as localized
eutrophication, it may also have a broader impact on
environmental, social and economic aspects, such as
conflicts with other human activities over the use of
inland and coastal zone resources, that can detract from
the benefits of a sustainable aquaculture industry.

Common problems arising from the lack of spatial
planning and management of aquaculture can be
categorized as: (i) fish disease; (ii) environmental
issues; (iii) production issues; (iv) social conflict;

(v) post-harvest and marketing issues; (vi) risk
financing; and (vii) lack of resilience to climatic
variability, climate change and other external threats
and disasters. Spatial planning and management

of aquaculture can be done at several geographical
scales to address problems in aquaculture and provide
opportunities to enhance development (Table 2).

When spatial planning is within a Blue Growth or
Blue Economy Programme, there are additional
opportunities to link to other initiatives such as
innovative financing and energy efficiencies which can
improve social, economic and ecosystem outcomes.?

Spatial planning could also be a means to improve
negative public perception about potential
environmental impacts, especially those associated
with marine fish farming, and on access to and use
of coastal resources.**

FAO. 2015. Achieving Blue Growth through implementation of the Code of Conduct for Responsible Fisheries. Policy Brief. Rome, FAO. (also available

at www.fao.org/fileadmin/user_upload/newsroom/docs/BlueGrowth_LR.pdf).

~

Bacher (2015) provides a global overview and synthesis of studies on perceptions of aquaculture in both developed and developing countries. The

document also includes recommendations for policy-makers, the industry and other stakeholders on improving public understanding of aquaculture

and on the roles various actors can play in this process.

@

The FAO workshop “Increasing Public Understanding and Acceptance of Aquaculture - the Role of Truth, Transparency and Transformation” was held in

Vigo, Spain, in October 2015. The workshop covered a number of core topics related to the perceptions of aquaculture, including transparency and
ethics, communication, collaboration, responsibilities and new approaches to better management of sector performance and perceptions (FAO,

2016a).
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TABLE 2. Problems associated from the lack of spatial planning and opportunities through

aquaculture zoning and area management

Problems

Opportunities

Fish disease and lack of effective biosecurity, e.g. when
farms are too close to each other and/or do not respect
basic rules of farm-level disease prevention.

Environmental issues such as eutrophication, biodiversity
and ecosystem service losses, e.g. when there are too many
farms in a given area or waterbody.

Production issues such as lower growth and biomass of
filter feeders (e.g. oysters, mussels) due to excessive farming
density and overharvesting of common-pool oxygen and
microalgae.

Social conflicts, equity issues and lack of public confidence
in the sustainability of aquaculture, e.g. when aquaculture

is competing with other users for access to water and space
use.

Post-harvest and marketing issues, e.g. when individual
neighbour farmers do not have access to post-harvest
services.

Risk financing. National governments and financing
institutions do not have a good knowledge of where
the prospects for aquaculture development are the most
promising before committing resources to development.

Lack of resilience to climatic variability, climate change,
and other external threats and disasters, e.g. hurricanes,
tsunamis, drought, and industrial pollution of water sources.

e Minimize fish disease risks and coordinated response to
outbreaks.

e Improve access to finance when overcoming biosecurity
concerns.

e Better coordinated and integrated approaches to the use
and management of natural resources.
e Improved animal welfare and growth rates.

¢ Improved filter-feeders’ productivity and yield

e Improved accountability and transparency through
relevant stakeholder involvement at all levels and
documented environmental management.

e improved public perception of aquaculture

e Clusters of farmers having better access to common
post-harvest processes and other services.

e Area-based management and certification as a
governance and risk-sharing model for sustainable
aquaculture.

* National-level information on areas available to invest on
aquaculture.

e Implementing area-based management strategies
(e.g. clusters of farmers) to facilitate access to finance.

e A more resilient sector, better adapted to shocks.

® More effective mechanisms for governments and other
institutions, including civil society organizations, to deliver
services and fulfil their commitments to sustainable
aquaculture development.

1.3 The ecosystem approach to aquaculture
One of the major challenges for the sustainable
development of aquaculture is the sharing of water,
land and other resources with alternative uses, such
as fisheries, agriculture and tourism. Spatial planning
for aquaculture, including zoning, site selection

and the design of aquaculture management areas,
should consider the balance between the social,
economic, environmental and governance objectives
of local communities and sustainable development.
It is now widely recognized that further aquaculture

development should be a planned activity that is
designed in a more responsible manner so as to
minimize negative social and environmental impacts
as much as possible. One essential step is appropriate
spatial planning at the local, regional and national
levels, and accounting for transboundary issues where
these are relevant. Although many of the social and
environmental concerns surrounding impacts derived
from aquaculture may be addressed at the individual
farm level, most impacts are cumulative. Impacts may
be insignificant when an individual farm is considered,

Introduction | 3



but potentially highly significant when multiple farms

are located in the same area, or when the entire

sector is taken as a whole. The process and steps

through which aquaculture is spatially planned and

managed, and integrated into the local economy and
ecological context is termed the ecosystem approach
to aquaculture (EAA). Three principles govern the
implementation of the EAA:

(i) Aquaculture should be developed in the context
of ecosystem functions and services (including
biodiversity) with no degradation of these beyond
their resilience.

(i) Aquaculture should improve human well-being
with equity for all relevant stakeholders (e.g. access
rights and fair share of incomes).

(iii) Aquaculture should be developed in the context of
other sectors, policies and goals, as appropriate.

The EAA provides a planning and management
framework to effectively integrate aquaculture into
local planning, and give clear mechanisms for engaging
with producers and the government for the effective
sustainable management of aquaculture operations by
taking into account local and national social, economic,
environmental and governance objectives.

The EAA benefits from having a national aquaculture
and/or other relevant policy (e.g. food security, coastal
zone management) to guide implementation, and
depends on legally binding and fair regulation and
allocation of user rights. Mandated under the EAA
are permanent stakeholder consultations and use

of best available knowledge to underpin policy and
enforcement (FAO, 2010).
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2. IMPLEMENTATION
OF AQUACULTURE SPATIAL
PLANNING AND MANAGEMENT

2.1 Process

A process for aquaculture site selection and carrying
capacity estimation within the framework of an
ecosystem approach to aquaculture was initially
elaborated by Ross et al. (2013). A comprehensive
planning process should begin with the formation

of an appropriate task team to evaluate the pros and
cons of aquaculture and to create a roadmap for its
sustainable development. The task team is usually
comprised of government policy-makers and technical
experts in aguaculture, business development and
aquatic ecosystem management.

The first activity of the aguaculture task team is

to undertake a national scoping exercise aimed at
establishing objectives for aquaculture, reviewing
relevant laws, identifying general areas that might be
suitable for various types of aquaculture, establishing
national priorities for ecosystem conservation and
conversion, and determining who might be the relevant
stakeholders to engage in decision-making. Scoping is
often done within the context of a national aquaculture
strategy or policy exercise and influences each
subsequent step in the spatial management process.

Once scoping has identified aquaculture as a priority
at the national level, detailed plans are elaborated for
progressively smaller geographical units at the regional
and local levels, as appropriate. The process of spatial
planning usually consists of the following three steps:

(i) Aquaculture zoning: bringing together the criteria
for locating aquaculture and other activities in
order to define broad zones suitable for different
activities or mixes of activities.

(ii) Site selection: identifying the most appropriate
locations for individual farm development within
zones.

(iii) Aguaculture management areas (AMAs): within
zones, AMAs contain a number of individual farms
that share a common water supply and/or are in

such proximity that disease and water quality are
best managed collectively rather than by individual
farms.

An aquaculture zone can be all or part of any
hydrological system that is at least partly suitable for
aquaculture, whether it be the open ocean (normally
within the exclusive economic zone), a bay, part of

a river or estuary, or any inland waterbody (lake or
dam). The creation of zones facilitates the integration
of aquaculture activities into areas already being
exploited by other users. The effectiveness of zoning
depends upon its simplicity, clarity and degree of local
support.

Site selection is the process by which the biophysical
attributes of a prospective site are compared

with the needs of cultured organisms and the
proper functioning of aquaculture farms. Poor site
selection is a major cause of failure in aquaculture
development. This process is normally led by the
private sector, local landowners and others seeking
to embark on an aquaculture business venture.
Governments maintain control through clear
regulations that define the process and requirements
for site licencing.

As all farms within a constrained space contribute

to nutrient loading, the spread of diseases and other
impacts of aquaculture, some kind of collective
management is often needed. AMAs are defined

as shared waterbodies, or parts thereof, where all
the aquaculture operators agree (coordinate and
cooperate) to certain management practices or
codes of conduct that act to minimize the overall
impacts from their collective activities. Estimation and
evaluation of the biological carrying capacity of zones,
farm sites and AMAs, and biosecurity considerations
are the baseline upon which allowable fish and farm
density are based.

Once AMAs have been established with a clear
management plan, a system for monitoring

the plan is needed to allow for review and
iterative adjustment as the need arises. Individual
components of the plan such as biosecurity,




social and environment measures will need to be
periodically adjusted as technology and the local
production and socio-economic context evolve.
A schematic diagram of the potential steps in
the spatial planning and management process is
presented in Figure 1.

2.2 Recommended steps
The order in which the main steps shown in Figure 1

and Table 3 are taken depends upon the local
situation. For example, when aquaculture is completely

new to a country or to a large geographical area,
practicioners might want to start with a broad scoping
exercise, followed by zoning, site selection, design of
aquaculture management areas, and elaboration of
the corresponding management plans. In countries

or geographical areas where aquaculture farms/
structures are well established, however, it may not
be possible to relocate farm/structures (e.g. ponds,
tanks, raceways) to meet carrying capacity, biosecurity
and socially acceptable thresholds. Under these
circumstances, there may be an obligation to begin
with the definition of AMAs and management plans;

TABLE 3. Main characteristics of the process for scoping, zoning, site selection and area

management for aquaculture

Characteristics

Scoping

Site selection Area management

Plan strategically for
development and
management

Main purpose

reduce risks;
maximize

Regulate development;
minimize conflict;

Protect environment;
reduce disease risk;
reduce conflict

Reduce risk;
optimize production

complementary uses
of land and water

Spatial scale Global to national Subnational Farm or farm clusters Farm clusters
Executing Organizations National and local Commercial Farmer associations;
entity operating globally; governments entities regulating agencies
national aquaculture with aquaculture
departments responsibilities
Data needs Basic, relating to Basic environmental, All available data Data for carrying
technical and economic  social and economic sets capacity and disease risk
feasibility, growth and models
other uses
Required Low Moderate High High
resolution
Results Broad, indicative Directed, moderately Specific, fully detailed Moderately to fully
obtained detailed detailed

Source: Kapetsky and Aguilar-Manjarrez (2013).
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FIGURE 1. Potential steps in the spatial planning and management process for coastal, marine and
inland aquaculture

a. Coastal and marine aquaculture b. Inland aquaculture

Identification of aquaculture Identification of aquaculture

Note: Note:

+ Schematic figure of a designated aquaculture zone (hatched area in + Schematic figure of an existing aquaculture zone (the whole depicted
blue colour) representing an estuary and the adjacent coastal marine area) representing individual land-based farms (F), e.g. catfish
area. Individual farms/sites (F), owned by different farmers, are ponds and/or other species, that may be owned by different farmers
presented in different colours and can incorporate different species (presented in different colours).

and farming systems. + The designation of AMAs depends upon mutual and exclusive use of

incoming and outgoing water supplies by a given set of farmers.

The order in which the main steps are taken above depends upon the local situation.
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this has been the case in countries where disease
outbreaks have forced governments and producers to
develop collective response protocols. In some cases,
an entire zone might share a common water supply
or be configured in such a way that it functions as
an AMA. There is no fixed pathway; the steps are
flexible and should be adapted to local/national
circumstances and capacities as necessary. There

are a range of different zoning, site selection and
AMA schemes that have been developed worldwide
to address different constraints to aquaculture
sustainability and local conditions. Selected examples
are described in the case studies in Annex 5.

The main steps for spatial planning and area
management can be broken down into a more
detailed set of processes, each drawing on a range
of activities and tools (Table 4). The components,
and the associated activities and tools, are briefly
described in the sections below. Some of the

main tools and their application to aquaculture
development and management are reviewed in
Annex 4.

The inclusion of all these components in any planning
initiative may be a formidable task. However, if the
larger goal of long-term sustainable development is
to be realized, most of these components will need
to be considered. The outcomes of the process will
also be more durable if the principles of stakeholder
participation and use of best available knowledge are
applied at all stages of the process.

Many of the processes and components in Table 3
are repeated in each main step defined in Table

4 (e.g. identification of issues) because each
component should serve to inform the scope and
focus of others steps, and because some countries
may want to focus more on specific aspects without
having to follow all the steps in sequence. It is
recommended that countries in which aquaculture
is a new activity would need to follow all the steps,
broadly in sequence.
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TABLE 4. Potential framework to guide the implementation of aquaculture spatial planning and area

management

Steps

National/
subnational
scoping

Zoning

Site
selection

Aquaculture
management
areas (AMAs)

Process

® Review national/subnational priorities
for aquaculture

o |dentification of relevant stakeholders
for consultation

® Review and possible adaptation of laws,
policies, regulations and institutional
frameworks affecting aquaculture

e |dentification of general issues and
opportunities

o |dentification of potential for cultured
species and farming systems

e |dentification of areas suitable for
aquaculture

e |dentification of issues and risks in
zoning

e Broad carrying capacity estimation for
aquaculture zones

e Biosecurity and zoning strategies

e Legal designation of zones for
aquaculture

e Assessment of suitability for
aquaculture

 Detailed estimation of carrying capacity
for sites

e Biosecurity planning and disease control

e Authorization arrangements

e Delineation of management area
boundaries with appropriate
stakeholder consultation

e Establishing an area management
entity involving local communities as
appropriate

e Carrying capacity and environmental
monitoring of AMAs

e Disease control in AMAs

e Better management practices

e Group certification

e Essential steps in the implementation,
monitoring and evaluation of a
management plan for an AMA

Activities and tools

e Review relevant policy and legal frameworks

e Institutional mapping and analysis

e Stakeholder mapping and analysis

e Aquaculture species/systems review

® [ssue trees

e Geographic information system (GIS), remote sensing and mapping
e Google Earth marking of aquaculture areas

e |dentification of high-level objectives

e Description and mapping (GlS-related tools)

e Zone selection and modelling

e |ssue trees

e Strategic environmental assessment and other related approaches
® Tools/proxies to estimate carrying capacity for large areas

e Land use planning maps

e Marine spatial planning

® Mass balance equation models

e Dynamic models

e Risk mapping and analysis

o Stakeholder consultation to identify issues and potential conflicts
e Environmental indicators such as the TRIX index

e Description and mapping (GlIS-related tools)

o Site selection modelling

e [ssue trees

¢ Environmental impact assessment, licences, permits

¢ Environmental management plan

e Description and mapping

¢ Nutrient mass balance equation models

e Dynamic models for environmental impact

e Landscape and seascape analysis

¢ Choice of environmental indicators (e.g. benthic diversity, water quality)

e Agreement on the administration and leadership of the AMA
e Description and mapping (GIS-related tools)

e Stakeholder identification

e Participatory, facilitation tools

® [ssue trees

® Mass balance equation models

e Dynamic models for environmental impact

e Bjosecurity tools

e Value chain tools

e Farmer organization inclusion and responsibilities

e Agreed management plan and management measures
e Environmental management tools

¢ Conflict resolution and communication tools

¢ Enforcement measures

e Better management practices

e Standard operating procedures

e Traceability

¢ HACCP and food safety guidelines

e Environmental monitoring surveys

Notes:

-+ Some of the main tools and models are described in Annex 4.

+ Scoping is also needed for goning and the design of management areas.

- Ehler and Douvere (2009) describe marine spatial planning (MSP) as ‘a public process of analyging and allocating the spatial and temporal distribution
of human activities in marine areas to achieve ecological, economic, and social objectives that are usually specified through a political process”.
Meaden et al. (2016) provide a comprehensive listing of additional information about MSP, including worldwide examples where MSP has been applied

under varied local conditions at highly variable geographic scales.
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Fish ponds for culture of Nile tilapia, African catfish and African bonytongue, Cameroon

There is considerable potential to expand inland aquaculture in Africa to improve food security. The first step in aquaculture planning
is identifying areas that have potential for aquaculture. In this scoping process, it is important to review any existing coastal zone
management plan to establish whether it facilitates aquaculture development. Legal and regulatory frameworks should establish

clear mechanisms for aquaculture zoning and site selection in waterbodies considered “common property” and the granting of
tenure rights, including aquaculture licences.

Courtesy of José Aguilar-Manjarrez




3. SCOPING

The first step in spatial planning is scoping, which
includes as the main tasks: collection of baseline
information, definition of priorities for aquaculture,
identifying stakeholders, and setting broad
objectives. It is important in this step to define the
boundaries of both the management unit and the
ecosystem, which are often different. Availability
of baseline data (through a baseline report) is
essential. Not only does a proper baseline report
enable a project to measure impact, it also ensures
that everyone is clear regarding the challenges,
opportunities and issues for sustainable aquaculture
development.

Led by the aquaculture task team, scoping is the
largely subjective weighing of national and regional
development and conservation objectives.

It influences decision-making at all subsequent levels
of aquaculture spatial planning and management.
The main processes undertaken in scoping include:

¢ review of national and subnational priorities for
aquaculture;

¢ identification of relevant stakeholders for consultation;

e review and possible adaptation of laws, policies,
regulations and institutional frameworks affecting
aquaculture;

¢ identification of general issues and opportunities;
and

¢ identification of potential for cultured species and
farming systems.

3.1 Review of national and subnational priorities
for aquaculture

The first step is to understand the priorities that

the government attaches to the aquaculture sector
relative to other national or subnational priorities

for economic development and natural resource
conservation. There is a need to understand whether
aquaculture is to be undertaken for food and/or
food security, income generation, expanding the tax

base, local jobs, some other expected benefit, or a
combination with differing priorities. The answers

to these issues will determine the amount of land,
water, institutional resources, types of systems,

and aquaculture species that will be targeted

for government support and development. For
example, government revenues may be higher with
a focus on high-value species for export grown in
seawater cages by large corporations with relatively
few employees, meaning that aquaculture sector
planning should focus on coastal areas and on
developing strong relationships with the private
sector. Pond aquaculture of cheaper species by small-
and medium-scale farms employing relatively large
numbers of local people could supply more fish to
local markets at reasonable prices for consumers,
but will require land and freshwater that may or may
not be locally available. Acceptable levels of risk to
important biodiversity or natural areas are other key
considerations to be weighed. Reviewing priorities,
therefore, influences the decisions made in relation to
the type of aquaculture development that could be
undertaken. Consultation with stakeholders is critical
in clarifying national priorities.

3.2 Identification of relevant stakeholders for
consultation

The identification of relevant stakeholders for
consultation is central to the success and durability
of aquaculture spatial planning. Box 1 provides
guidance for identifying and selecting stakeholders,
some of which may be more or less relevant
depending upon the step in the process: scoping,
zoning, site selection or area management. It may
not be necessary or possible to involve all stakeholder
groups throughout the whole process, so careful
consideration must be given as to who needs to be
encouraged and supported to participate, and at
what stage of the planning process. To make best use
of identified stakeholders, refer to the participatory
tools for facilitation of group decision-making
described by FAO (2010).




BOX 1
A guide to stakeholder identification in aquaculture planning and management

Criteria for selection of stakeholders:

- those who have sufficient political clout to draw in officials with the public authority to make decisions;

- those who have legal standing and therefore the potential to block a decision;

- those who control resources (or property rights) necessary for implementation of a decision;

- those who may not be sufficiently organiged to pose a relevant threat today, but may in the near future; and

- those who hold necessary information. The range of necessary types of information can be quite broad, and com-

plex issues often deal with phenomena about which data are limited or privately held. Including parties who may

have access to such information may be essential.

According to the criteria above, stakeholders could include:

- fish farmers;
- capture fishers;

+ local communities and/or businesses reliant on aquaculture and fisheries value chains;

- authorities (local, regional, national, other): aquaculture, fisheries, environment, animal health ete.

- tourism;

- environmentalists;

- scientists and other technical experts;
- homeowners;

- recreational users;

- enterprises directly using the waterbody concerned (marinas, ports, shipping, wind farms); and

- enterprises indirectly using the coast or waterbody (urban or industrial consumers of water, polluters, etc.).

Source: FAO (2010).

3.3 Review and possible adaptation of laws,
policies, regulations and institutional frameworks
affecting aquaculture

The collection of relevant information and the
review of policy and legal frameworks will need

to be undertaken. The need for different levels of
planning in order to identify aquaculture zones or
sites, to designate aquaculture management areas,
and to manage or overcome social conflicts such
as competition for space and conflicts of interest
and environmental considerations necessitate the
following:

* a clear and efficient institutional framework with
clearly defined competencies;

e clear policy and legal frameworks and rules
and regulations that govern development and

management of aquaculture, including, for example,
access use rights and duties; and

¢ encouragement and empowerment of the
aquaculture sector to self-regulate where
appropriate.

The policy and legal frameworks for sustainable
aquaculture must be based on the law of the sea, as
reflected in the United Nations Convention on the
Law of the Sea of 10 December 1982 (UNCLOS) and
international environmental law as well as various
soft law instruments (Table 5 and Annex 1). There is
also a need for a review of different areas of national
law and administration frameworks that may relate
to or have an impact on aquaculture activity. For
example, spatial and area management requirements
may exist in legislation relating to the authorization
and conduct of commercial or development activities,
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public works, zoning and planning, public health and
environmental legislation. A review of these legal
frameworks in the scoping phase will help determine
whether they need to be strengthened to include
aquaculture development. In countries where there is
no legal framework for aquaculture, which sets out
the main requirements for aquaculture management
including spatial planning and management in one
legislation, appropriate legislation may need to be
developed.

There has been an increase in effort in the
development of enhanced national policy, legal

and institutional frameworks for aquaculture
administration in the last decades with the

expansion of the sector. A corresponding growth in
environmental consciousness is also being noted in
the increased number and breadth of environmental
considerations in policy, regulations and management.
The FAOQ fisheries National Aquaculture Legislation
Overview (NALO) Web page (www.fao.org/fishery/
nalo/search/en) includes legal fact sheets for

61 countries. A list of legal issues for sustainable
aquaculture planning and management, adapted from
the NALO fact sheets are presented in Table 5.

Institutional analysis should cover both formal and
informal institutions (FAO, 2010). Formal institutions
are those such as government departments or
agencies that typically have a legally defined role

and structure. Informal institutions are those such as
business, social or family networks or associations.
The latter in this group also have structure and sets
of procedures, although they may have no legal

or written basis. In essence, institutional analysis
requires that a specific set of questions be addressed,
including: What are the rules? Who decides, and
how is this done (process and decision criteria)? Who
implements what rules, and how? How and when

is progress assessed? and What are the relationships
between different institutions (both formal and
informal)?

3.4 Identification of general issues and
opportunities

It is advisable to identify social, economic,
environmental, and governance issues and
opportunities. In most cases, environmental, social
and economic issues have a root cause that needs to
be overcome, such as governance and institutional
factors, lack of adequate knowledge, lack of training,
inappropriate legislation, lack of enforcement,
problems with user rights, and so on. It is important
that these root causes are investigated, and mitigation
or remedial actions proposed. These are not factors
that can always be overcome instantaneously and may
require investment of time and financial resources.
External forcing factors should also be considered

to include, for example, catastrophic events, climate
change impacts, sudden changes in international
markets, and the effects of other users of aquatic
ecosystems on aquaculture such as agriculture and
urban pollution of aquatic environments that may
negatively affect aquaculture.

A large number of issues can be identified, but their
importance varies greatly. Consequently, it is necessary
to have some way of prioritizing them so that those
that require immediate management decisions receive
more attention within a plan of action. Examples and
more details of issue identification and priorization can
be found in FAO (2010), FAO (2003) and APFIC (2009).

The identification of issues also represents an
opportunity for the implementation of a spatial
planning process under an ecosystem approach to
aquaculture, which ensures coordinated, orderly
development and promotes sustainability. As an
example, if one of the issues is fish disease and the
lack of effective biosecurity (e.g. when farms are too
close to each other leading to quick infection and
reinfection), there is an opportunity to minimize fish
disease risks and better respond to outbreaks through
good spatial planning.

Scoping | 13



TABLE 5. Policy, institutional and legal aspects involved in sustainable aquaculture planning and
management

Policy, institutional and legal aspects

Instruments, institutions, requirements

International binding and non-binding

instruments*

e Binding instruments include, for example, the Ramsar Convention on
Wetlands of International Importance (Ramsar, 1971)' and the United
Nations Convention on the Law of the Sea (Montego Bay, 1982)?

« Non-binding instruments include the Kyoto Declaration on Aquaculture,
Agenda 21, Rio Declaration, and the Code of Conduct for Responsible
Fisheries (FAO, 1995)%, among others

Institutions

e Fisheries and aquaculture authorities

¢ Health and sanitary authority

¢ Environmental authority

« Forestry and water resources authority
e Culture and tourism authority

¢ Indigenous peoples authority

e Commerce authority

e Local authorities

e Trade/farmer associations

Authorization system

e Leasing or permitting system
» Operation licence (duration, renovation, revocation)
» New site, change of use, or change of capacity

Control mechanisms

e Environmental assessments

» Self-monitoring

¢ Citizens’ participation
 Enforcement and penalties
 Conflict resolution procedures
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Policy, institutional and legal aspects

Instruments, institutions, requirements

¢ Notification and information
e Transport of species
o Accidental release of farmed species

Fish movement

e Quarantine
» Outbreak management
» Therapeutants

Disease control

Feed e Feed quality
o Effect of feed residues on environment

Product safety and traceability » Certification systems

Education, research and development ¢ Extension and training
¢ Research and development

e Public information and awareness

Aqualculture management areas (AMAs) e« Organization and management of AMAs

*For more details on binding and non-binding agreements, see Annex 1.

" United Nations. 1976. Convention on Wetlands of International Importance especially as Waterfowl Habitat. United Nations Treaty Series, Vol. 996, I-I-
1583. Entered into force 21 December 1975. (also available at
https://treaties.un.org/doc/Publication/UNTS/Volume%20996/volume-996-1-14583-English.pdf).

2 United Nations. 1994. United Nations Convention on the Law of the Sea. 10 December 1982, Montego Bay, Jamaica. United Nations Treaty Series, Vol.
1833, 1-31363. Entered into force 16 November 1994. (also available at
https://treaties.un.org/doc/Publication/UNTS/Volume%201833/volume-1833-A-31363-English.pdf).

3 FAO. 1995. Code of Conduct for Responsible Fisheries. Rome, FAO. 41 pp. (also available at www.fao.org/docrep/005/v9878e/v9878e00.htm).

Note:

Brugere et al(2010) provide practical guidance on policy formulation and processes. It starts by reviewing governance concepts and international
policy agendas relevant to aquaculture development and proceeds by defining “policy”, “strategy” and “plan” while explaining common planning
terminology. See Brugere, C., Ridler, N., Haylor, G., Macfadyen, G. & Hishamunda, N. 2010. Aquaculture planning: policy formulation and implementation
for sustainable development. FAO Fisheries and Aquaculture Technical Paper. No. 542. Rome, FAO. 70 pp. (also available at www.fao.org/docrep/012/

11601e/i1601e00.pdf).

3.5 Identification of potential for cultured species
and farming systems

Species should be mainly those with proven

culture technologies and with established national
or international markets. Some environmental
concerns can be overcome by selecting native
species depending on the region of interest, the
species already cultured, or those undergoing trials.
The identification of potential areas for aquaculture
should be based on criteria that would be favourable
for grow-out of these species. For instance, it is well
known that temperature affects the feeding, growth
and metabolism of fish and shellfish; thus, water
temperature is a common area selection criterion for
all species.

Also essential is a broad assessment of areas where it
is technologically feasible to place appropriate culture
installations. For example, sea cages for fish grow-out
and longlines for mussel grow-out are the prevalent
culture structures in current offshore mariculture
practice. Both sea cages and longlines are tethered
to the sea floor, and thus the key assumption is that
both sea cages and longlines will, for the time being
and until technology develops, be located close to
coastlines because of the technical and cost limits
related to the depth of tethering. For land-based
systems, especially ponds for the growth of relatively
cheaper species, costs become an issue, so ready
access to a suitable freshwater source is needed on
relatively flat land whose soil structure means ponds
do not need to be lined.
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Shrimp aquaculture ponds in Sinaloa, Mexico

The Mexican National programme for Aquaculture Management was created to: (i) enable an orderly and competitive aquaculture
sector that is sustainable; and (ii) requlate and administrate the sector using processes and tools such as the delimitation of aquaculture
zones. In this programme, shrimp farming in Sinaloa State is used as one example to illustrate how aquaculture is managed through
aquaculture production units or aquaculture zones.

Courtesy of Giovanni Fiore Amaral




4. ZONING

Zoning implies bringing together the criteria for locating
aguaculture and other activities in order to define

broad zones suitable for different activities or mixes of
activities. Zoning is a process that countries can use to
sustainably and responsibly identify and allocate areas
that are biophysically and socio-economically suitable
for aquaculture. In broad terms, zoning can be used to
identify potential areas for growth where aquaculture is
new, and help regulate the development of aquaculture
where it is already established (Table 6). Definition of
the legal boundaries of zones demands a consultative
process that aligns policy, law, local interests and
ecological carrying capacity (more details on carrying
capacity are found in Annex 4). More specifically,
zoning according to GESAMP (2001) can be used to:

e prevent and control environmental deterioration
at the farm and watershed scale;

e implement biosecurity measures and disaster risk
management;

e reduce adverse social and environmental
interactions; and

e serve as a focus for estimates of environmental
capacity.

Additionally, zoning can also be used to:

e increase production and social development;

e serve as a platform for dialogue to reduce conflict
among potential resource users;

e help potential developers identify prospective farm
sites where long-term investments are possible (user
rights);

e establish clear norms/regulations for commercial
behaviour within zones; and

* define the area over which planners and regulators
set and monitor objectives.

TABLE 6. Examples of zoning initiatives in different countries

Country

Australia

Zoning initiatives

The responsible minister may identify within state waters:

e Aquaculture zones, in which specified classes of aquaculture will be permitted.

e Prospective aquaculture zones, which are in effect for a specified period not
exceeding three years during which investigations are to be completed to
determine whether the zone should become an aquaculture zone.

Source

South Australia
Aquaculture Act
(2001, as amended
in 2003, 2005 and
2015)!

e Aquaculture exclusion zones, in which no aquaculture will be permitted.
e Aquaculture emergency zones for short-term relocation of aquaculture operations.

Chile

Twelve regions have been identified so far as authorized areas for the establishment
of aquaculture activities (A.A.A.: Areas autorizadas para el ejercicio de la

Fisheries and
Aquaculture Law?

acuicultura); defined as: “geographical areas classified as such by the Sub-Secretariat
of Fisheries to be adequate for the establishment of an aquaculture facility”. Only
areas so classified are eligible for aquaculture investments.

New Zealand
to designated coastal marine areas.

The regional council develops regional plans and policy statements in order to
manage coastal resources, including aquaculture,

The Resource Management Act establishes that aquaculture activities are restricted

Resource
Management Act
1991 as amended
in 20163

and the plans are approved by the Department of Conservation.

" South Australia Aquaculture Act. 2001. Consolidated version of Act No. 66 of 2001, as amended 1 July 2015, Australia (South Australia).
FAOLEX No. LEX-FAOC044087. (also available at http://faolex.fao.org/docs/pdf/sa44087.pdf).

2 General Law on Fisheries and Aquaculture (No. 18.892). Ley General de Pesca y Acuicultura (Ley No. 18.892 de 1989). Texto refundido, coordinado
y sistematigado ha sido fijado por el Decreto No. 430. Chile. FAOLEX No. LEX-FAOC001227. (also available at

http://faolex.fao.org/docs/pdf/chi1227.pdf).

3 Resource Management Act. 1991. Act No. 69 of 1991. Reprint as at 18 October 2016, New Zealand. (also available at

www.legislation.govt.ng/act/public/1991/0069/latest/DLM230265.html).
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The zoning process is normally led by the government
at the relevant geographical scale through a
consultative interaction with national and local
stakeholders, especially those who may invest or set
up fish farms, and those who may be affected by
aquaculture development (Hambrey et al., 2000).
Defining and agreeing on broad development
objectives for an aquaculture zone is the focus for
public involvement and participation. A range of rapid
rural appraisal communication techniques are available
and can be adapted to local circumstances to facilitate
quality dialogue (see tools in Annex 4).

At the zoning stage, it is important to include policy-
makers and government planners; scientists (fishery,
environment, rural sociology, economics) and farmer
leaders; private industry representatives (supply inputs,
traders, processors, exporters); and local authorities
(agriculture, forestry, industry, tourism) where local
development objectives and priorities are reviewed.

In some cases, the inclusion of non-governmental
organizations (NGOs) and/or consumer groups might
also be useful.

When the process of actual boundary definition, zone
allocation and identification of possible impacts and
mitigation strategies are discussed, it will be important
to have representatives of local government; the
fishery management agency; other local regulatory
bodies (agriculture, forestry, industry, tourism); farmer
groups; and relevant local communities, including
indigenous groups. Depending upon the nature of
the zone, valuable inputs from representatives of
private industry, consumer groups and agribusiness
associations might also be useful.

The key steps in the zoning process are:

(i) identification of areas suitable for aquaculture;

(i) identification of issues and risks in zoning;

(iii) broad carrying capacity estimation for aquaculture
zones;

(iv) biosecurity and zoning strategies; and

(v) legal designation of zones for aquaculture.

4.1 Identification of areas suitable for aquaculture

Zone boundaries are initially based on hydrographical
or hydrological parameters at a scale from a few to
hundreds of kilometres, and are usually all or part

of a contiguous waterbody or basin such as a fjord,
tributary of a river or whole river system, a whole
lake, a coastal bay, or an estuary or a semi-enclosed
sea.

Geographies with the potential to become an
aquaculture zone generally are those that have
relatively few existing users, abundant water of a
quality adequate for farmed species, have basic
production infrastructure (e.qg. electricity, roads)
and access to input and output markets (including
labour), and are not located near ecologically
sensitive sites.

At the subnational, national or regional scales, it
may only be possible to define in very general terms
where aquaculture would most likely prosper. Remote
sensing and geographic information systems (GIS)
are excellent for this kind of work, and are useful
tools to support stakeholder perceptions and insight.
Satellite images can show where human settlement
and other important land uses could be expected to
conflict with aquaculture development; for example,
GlS-based flood-zone mapping is commonly used

by insurance companies to identify areas prone to
inundation and can also provide useful information
on such risks.

At the zoning stage, some detail is needed to define
good places for aquaculture. In this context, local
knowledge, organized data collection, property
maps and site visits should be used to focus
stakeholder discussion on defining where boundaries
for aquaculture zones should be located within

the broader regions identified during the scoping
exercise.

The fundamental factors that determine the viability
of a zone for aquaculture are basic topography/
bathymetry (i.e. available flat land or open water),
temperature, current velocity, and water quantity

18 | Aquaculture zoning, site selection and area management under the ecosystem approach to aquaculture



and water quality (e.g. salinity, hardness). These
determine the species that can be cultured efficiently
in a particular area, and give a broad indication of
the production system that is best suited. The larger
the population, the greater the potential market

for aquatic products and the availability of labour
and services. Urban market centres are potential
locations for on-processing and marketing of the
fish. However, there are risks associated with urban
centres, including theft and pollution.

Pre-existing aquaculture also has an influence on
where new aquaculture should be placed. The
presence of successful aquaculture sites is indicative
of more general suitability, but should not be
automatically assumed. The presence of critical
infrastructure, such as roads, power facilities, feed
mills, processing facilities and so on, also argue for
clustering of aquaculture within zones. This must be
balanced with the need to provide sufficient space so
that effluents and disease from one farm cannot flow
onto another and the carrying capacity of the local
environment.

Table 7 outlines the main suitability criteria that apply
to most aquaculture farming systems. The various
criteria listed in Table 7 will each have their own
degree of importance, and it is essential that these
can be ranked or measured for specific locations,
even if this can only be done crudely. It is also
important to determine “thresholds” that pertain to
a desired level of suitability for each criterion. The
selection of the thresholds involves interpretation of
the data selected, and such interpretation should be
guided with literature research and opinions from
experts and farmers. Thresholds will vary according
to location, scale, environment, species and culture
systems, and some of the thresholds may change
over time. For example, species generally have an
optimal range within which they will grow well,
suboptimal ranges when stress is induced, and lethal
levels above and below this, but will change only

slowly or not at all. Social thresholds are likely to
me more flexible, as these can change over time. In
such cases, it is advisable to operate within optimal
ranges where possible to ensure efficiency and cost
effectiveness.

Knowledgeable technicians using the tools listed

in Table 4 can identify zones with potential for
aquaculture and provide advice on the most
suitable species. There is also a myriad of published
literature available on criteria for spatial planning
and management of aquaculture, many examples of
which can be found at:

® The GISFish Global Gateway to Geographic
Information Systems, Remote Sensing and Mapping
for Fisheries and Aquaculture
(www.fao.org/fishery/gisfish).

e GIS and spatial analysis. GIS and remote sensing
journal articles from the Institute of Aquaculture,
University of Stirling, the United Kingdom of Great
Britain and Northern Ireland (www.aqua.stir.ac.uk/
GISAP/gis-group/journal-papers).

A good example of the use of GIS to identify
potential aquaculture zones is an FAO study by
Aguilar-Manjarrez and Nath (1998), who estimated
inland fish farming potential at a continental scale. By
overlaying the temperature regime, water availability,
suitability of topography and soil texture, availability
of agricultural by-products, local markets and road
density on a map of Africa (Figure 2), they were able
to identify in broad terms which areas on the African
continent would be suitable for aquaculture.

While at this scale, it is not possible to identify exact
locations for aquaculture zones, at the scoping
stage this kind of information is useful to identify
parks, deserts, flooded areas, cities and other

major geographical features that would rule out
aquaculture a priori.
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FIGURE 2. Suitability for small-scale farming and potential yield (crops/year) of Nile tilapia in Africa

|| Suitable; 0.9-1.3
|| Suitable; 1.3-1.7
[ Very suitable; 0.5-0.9
I Very suftsble; 09-13
N very suitable; 1.3- 1.7

e

Source: Aguilar-Manjarrez and Nath (1998).

4.2 Identification of issues and risks in zoning

There are a broad range of issues and risks for zoning,
and it is advisable to identify, inter alia, those related
to environment, biosecurity, climate-related risks,
social conflicts and governance. A good approach to
identify issues is to focus on the different steps in the
aquaculture production process, including upstream
(e.g. feed supply) and downstream (e.g. post-harvest)
aspects, and understand the impacts on such
processes and the likelihood of occurrence. By doing
this, it should be possible to determine whether the
risk and likelihood of occurrence means a specific
zone is unsuitable to become an aquaculture zone.
Aguaculture as a production process may require
land/sea area as well as water and specific inputs,
including labour, to produce expected outputs

such as food and income together with unwanted
outputs such as nutrients or chemicals. Issues need
to be identified within a specific scale and ecosystem
boundary, so risks can be defined as local only, or
regional, or national. Tranboundary issues should also
be addressed where, for example (rivers), water starts

within one country, but flows through another and
then used for aquaculture development. The converse
is also true when water, potentially impacted by
nutrients from aquaculture, flows across borders into
another country or region.

In most cases, issues such as climate change impacts
and urban pollution of aquatic environments have
damaging effects on aquaculture. Aquaculture is
vulnerable to a number of potentially catastrophic
climatic and other disturbances. In addition to wildlife
(especially bird) predation, disease and theft, which
affect all aquaculture systems, there are likely to be
risks that apply only to specific production systems and
zone location, such as:

Risks specific for pond/raceway aquaculture:
¢ floods

e droughts

e severe winters

e earthquakes

e volcanic eruptions

e tidal surges/storm surges/tsunamis
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Risks specific to cage aquaculture include:

e 0oil spills/chemical spills/chemical runoff
e pollution

e superchill/ice

e storms

e harmful algal blooms and jellyfish

® hypoxia

In addition to these biophysical risks, conflicts with
other natural resource users are common. Chief
among these are the direct competition for water

and space with agriculture and real estate developers;
access to traditional sites of indigenous people; and
disagreements over visual impact with the tourism
sector. Conflict with fishers is also common, given that
sea space or lake space can become off limits when
structures such as cages are added, which reduces the
ability of fishers to exploit such areas.

Risk analysis involves answering the following
questions (Bondad-Reantaso, Arthur and Subasinghe,
2008): (i) What can go wrong? How likely is it to go
wrong and what are the consequence of its going
wrong? and (i) What can be done to reduce either the
likelihood or the consequences of its going wrong?

Risk mapping can help to identify the most important
threats. Examples of risk maps for aquaculture zoning
include:

* Fish cage farming and tourism. Use of GIS-based
models for integrating and developing marine fish
cages within the tourism industry in Tenerife, Canary
Islands (Pérez, Telfer and Ross, 2003a).

¢ Islands and wave strength. Climate-related wave
risk maps for offshore cage culture site selection
in Tenerife, Canary Islands (Pérez, Telfer and Ross,
2003b)

¢ Floods and aquaculture. Modelling the flood cycle,
aquaculture development potential and risk using
MODIS data: a case study for the floodplain of the
Rio Parand, Argentina (Handisyde et al., 2014).

e Monitoring algal bloom development.
Environmental information system using remote
sensing data and modelling to provide advanced

warning of potentially harmful algal blooms in
Chile so that their impacts can be minimized by the
aquaculture industry (Stockwell et al., 2006).

It is also important to assess the environmental and
socio-economic risks that aquaculture can pose

to other sectors and on itself. These may include
biodiversity losses due to organic and chemical
pollution, diseases generated by fish farms, and
impacts from escaped fish. These risks are evaluated
and mitigated through a solid understanding and
management of a zone, or AMA location, and carrying
capacity. For large industrial farms (e.g. salmon cages),
there are models to estimate the spatial distribution of
organic matter and related risks and the consequences
in terms of water quality and overall carrying capacity
(see section 4.3 and Annex 4).

4.3 Broad carrying capacity estimation for
aquaculture zones

For purposes of aquaculture zoning, carrying capacity
sets an upper limit for the number of farms and their
intensity of production that retains environmental and
social impacts at manageable and/or acceptable levels,
which then implies overall sustainability. At the zone
level, carrying capacity will typically be expressed as

a level of production (in tonnes) produced through

a number of farms located in geographic space, or
production in tonnes per hectare or km?. Within
aquaculture zones, carrying capacity has two primary
dimensions:

e ecological carrying capacity: the maximum
production that does not cause unacceptable
impacts on the environment; and

e social carrying capacity: the social licence for
the level of farm development that does not
disenfranchise people or result in net economic
losses to local communities.

At a large zone level, preliminary limits to the number
of farms and intensity of production are set based on
a large-scale understanding of the area or waterbody
proposed to be or already allocated to aquaculture.
This contrasts with setting more detailed carrying
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capacity estimates for AMAs and for individual
sites in which more specific assessment is made of
local conditions. There are circumstances where an
aquaculture zone could become an aquaculture
management area if a suitable management plan
is developed and implemented. Typically, however,
aquaculture zones are broader scale areas that may
contain one or more AMASs and numerous sites.

4.3.1 Ecological carrying capacity

To estimate carrying capacity in the context of fish
aquaculture, models are usually used to estimate a
maximum allowable production, limited primarily

by modelling changes to environmental conditions.
Nutrient input or extraction and oxygen changes
(depending on the species to be cultivated) can be
assessed, for example, on a specific catchment area
or waterbody for a given number of aquaculture
units. For extractive production, such as shellfish, food
depletion is the major consideration along with effects
on wild species and food availability for them.

The assessment of ecological carrying capacity is

based on the capacity of the ecosystem to continue

to function through the application of environmental
quality standards that cannot be exceeded when
aquaculture is included into the system. It is sometimes
referred to as assimilative capacity, implying the system
is able to assimilate a certain level of nutrients or
oxygen uptake without causing detrimental effects
such as eutrophication. Aquaculture produces or

uses dissolved and particulate matter that enter

the environment, uses oxygen and other resources,
and adds residues from diseases or parasites and

other treatment chemicals. It is the consequences of
these on the ecosystem that are used in estimating
ecological carrying capacity. The capacity of a
particular area also depends on water depth, flushing
rates/current velocity, temperature and biological
activity in the water column and bottom sediments,
and attempting to define the level of ecological
resilience. The multifactor nature of ecological capacity
is one of the reasons why models are often applied, as
models can attempt to integrate the multiplicative and
cumulative nature of these factors.

It may also be important to take into account
background wastes entering a shared waterbody,
coming from other sources such as sewage discharges
and diffuse inputs from agriculture, domestic

waste and forestry. The basic reasoning is that the
collective consequences of all aquaculture farms

and background inputs can be compared with the
ecological capacity of the ecosystem, which can then
determine how much aquaculture can sustainably

be conducted within a certain physical space. In
reality, diffuse inputs (as opposed to point sources)
are difficult to assess and measure, which makes
estimating the existing consequences of these
background wastes difficult. It may also be that
activities such as forestry or agriculture have occurred
for millennia already, and therefore current water
quality and conditions may already reflect the impacts
of such activity.

The negative impacts of exceeding ecological

carrying capacity include eutrophication, increases

in primary productivity and potential phytoplankton
blooms fueled by nutrients discharged from farms,
accumulation of noxious sediments in the form of

fish faeces and feed wastes, and loss of biodiversity
due to declining habitat quality. The consequences for
aquaculture farmers can be dramatic, including loss of
fish stocks on the farms because of blooms, oxygen
stress and disease; and exceeding ecological carrying
capacity often aggravates fish health problems and
social conflicts. Environmental impacts of aquaculture
vary with location, the production system and species
being grown. Fish cage culture is an open system that
extracts oxygen from water, and discharges faecal and
feed and other wastes into the surrounding water
and sediments. Pond culture is a closed system, and
releases nutrient-rich water and effluents during
water exchange and/or pond draining during harvest.
Bivalves depend upon natural productivity for their
food, but compete with other organisms for food
(organic matter, microalgae, etc.) and dissolved oxygen
in the water column, and seaweed production can
reduce light penetration affecting environmental
conditions and species below. The fact that there is no
“consequence free” aquaculture means that there is a
basic need to determine ecological carrying capacity.
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One of the earliest applications of mass-balance
modelling in aquaculture was the use of Dillon and
Rigler's (1974) modification of a model originally
proposed by Vollenweider (1968), which used
phosphorus (P) concentration to estimate the
ecological carrying capacity of freshwater lakes,
assuming that P limits phytoplankton growth and
therefore eutrophication (Beveridge, 1984). Inputs

to the environment from fish culture are evaluated

to determine likely changes in overall water quality.
This model has been used widely to estimate carrying
capacity of lakes to support fish farming, as in Chile.
Further modifications of this model have also been used
assuming nitrogen as the limiting factor (Soto, Salazar
and Alfaro, 2007).

Ecological carrying capacity models integrate
hydrodynamic, biogeochemical and ecological processes
in the environment with oxygen consumption, sources,
and sinks of organic matter and nutrients derived from
farm activity linked to the ecosystem state. There are
currently few models that assess carrying capacity fully at
the zonal scale; EcoWin (Ferreira, 1995) is one example
that combines hydrodynamic models with changes to
water biogeochemistry to look at large-scale, multi-
year changes under non-aquaculture and agquaculture
conditions (Ferreira, 2008a; Sequeira et al., 2008).

On a slightly smaller zonal scale, models such as the
Loch Ecosystem State Vector model (Tett et al., 2011)
resolve seasonal variations in oxygen and chlorophyll

in defined sea areas; and the Modelling—Ongrowing
fish farms—Monitoring (MOM) model used for farm
level assessment also contains a module for wider scale
evaluation of water quality and oxygen concentration
(Stigebrandt, 2011).

In Chesapeake Bay and the Puget Sound, United States
of America, the EcowWin model has been combined with
a farm-level model (FARM) and with other tools into a
production, ecological, and social capacity assessment
that builds together ecological carrying capacity
modelling with a stakeholder engagement process that
seeks to reduce social conflicts (see Bricker et al., 2013;
Saurel et al., 2014). Other similar projects have
occurred in Portugal (Ferreira et al., 2014) and Ireland

(Nunes et al., 2011). Availability of models to assess
freshwater systems is more limited.

Until more precise modelling can be undertaken at the
zonal level, it is possible to apply simplistic approaches
to limit production to acceptable levels. Examples
include the Philippines where a maximum of 5 percent
of an aquatic body can be used for aquaculture,
although this does not estimate carrying capacity per
se. In Norway from 1996 to 2005, feed purchases were
used to monitor aquaculture development.

This worked initially as a quota that limited the amount
of feed that could be delivered to farms.

As well as serving as an indicator of production (rather
than capacity), this system had the benefit of rapidly
reducing feed conversion ratio (FCR), as farmers tried
to optimize the use of the feed allocated to them

while maximizing production, which in turn reduced
environmental consequences. This was combined with
a limit on the cage volume of 12 000 m? per licence
together with a maximum fish density in cages. This
number of licences with volume limit, along with rules
for biomass and feed quota, was the framework used
to control production development. Norway's approach
has since been updated to now assess carrying capacity
directly at site and/or small area scales.

Indices have also been used to assign the status

of waterbodies into discrete categories that define
typically a specific water status with regards to
aquaculture development, or whether or not
aquaculture is liable to have an effect (e.g. in the latter
case, of eutrophication potential using the TRIX index
in Turkey, see Annex 5); or to define areas considered
to be the most environmentally sensitive to further

fish farming development due to the high predicted
levels of nutrient enhancement and/or benthic impact
(Gillibrand et al., 2002). Gillibrand et al. (2002) scaled
model outputs from 0 to 5, and the two scaled values
(nutrients and benthic impact) were added together to
provide a single combined index. On the basis of this
combined index, areas were designated as Category 1
(sensitive to more production, and therefore no more
production allowed); Category 2 (production potential,
with caution); or Category 3 (least sensitive, and
opportunities to increase production).
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Overall, the larger the area or zone being evaluated,
the more complex and more difficult it is to make
reliable estimations of carrying capacity owing to the
multiple interacting dynamic factors that affect it and
acceptable limits in environmental change.

4.3.2 Social carrying capacity

Social carrying capacity is less tangible than other
carrying capacities, but is the amount of aquaculture that
can be developed without adverse social impacts (Angel
and Freeman, 2009; Byron and Costa-Pierce, 2013).
Social licence for aquaculture is affected by cultural
norms, and can be affected by social mobility and wealth
of people and by the species grown and aquaculture
practices undertaken, seen as either polluting (e.g. fed
fish) or non-polluting (e.g. non-fed fish or extractive
species) whether or not this is explicitly correct. Social
capacity for aquaculture is also affected by perceived

or actual ecological degradation, the extent to which
aquaculture impacts other livelihoods, exclusion of
legitimate stakeholders from decision-making, and
incompatibility of aquaculture with alternative uses,
which are all key sources of social conflict.

Social conflicts can be minimized through good
engagement in the development and management of
aquaculture zones, adverse impacts on the ecosystem
and use of space. Fair business practices and the
creation of opportunities for local communities along
the aquaculture value chain from manufacture and
supply of inputs through to processing, transport

and marketing will build alliances among the local
population. Proper stakeholder engagement, sharing
of information and timely communication in the
planning process can help investors avoid social
conflicts.

4.4 Biosecurity and zoning strategies

Disease is probably the main threat and cause of
disaster to aquaculture everywhere and requires
planning at all scales, from individual farms to
aquaculture zones and aquaculture management
areas. The development and implementation of
biosecurity and zoning strategies is increasingly

recognized by countries and industries as essential

to sustainable growth in aquaculture (Hastein et al.,
2008; Hine et al., 2012). The World Organisation

for Animal Health defines a zone as a portion of a
contiguous water system with a distinct health status
with respect to certain diseases; the recognition of
zones is thus based on geographical boundaries.

A zone may comprise one or more water catchments
from the source of a river to an estuary or lake, or only
part of a water catchment from the source of a river
to a barrier that effectively prevents introduction of
specific infectious agents. Coastal areas and estuaries
with precise geographic delineation may also comprise
a zone. For more detail on zoning and spatial planning
from the biosecurity perspective, see Annex 2.

4.5 Legal designation of zones for aquaculture

The allocation of aquaculture zones is the final step in
zoning and is the legal and normative process that creates
an area(s) dedicated to aquaculture activities, whereby any
future development thereof must respect this zone.

Aquaculture zones should be established within

the remit of local or national aquaculture plans and
legislative frameworks with the aim of ensuring the
sustainability of aquaculture development and of
promoting equity and resilience of interlinked social
and ecological systems. Regulations and/or restrictions
should be assigned to each zone in accordance with
their degree of suitability for aquaculture activities
and carrying capacity limit. Zones to be allocated to
aquaculture activities can be classified, inter alia, as
“areas suitable for aquaculture activities”, “areas
unsuitable for aquaculture activities”, and “areas
for aquaculture activities with particular regulation
and/or restriction”. To this end, guidelines should be
developed by governments according to the specific
location.

Zoning plans guide the granting or denial of individual
permits for the use of space. This process includes
additional elements of implementation, enforcement,
monitoring, evaluation, research, public participation
and financing, all of which must be present to carry
out effective management over time.
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Salmon farming in a remote fjord in southern Chile
The location of a salmon farm must consider the environmental carrying capacity of the
context in order to be environmentally, socially and economically sustainable.

Courtesy of Doris Soto

recipient waterbody and the local social



5. SITE SELECTION

Site selection ensures that farms are located in a
specific location, which has attributes that enable the
necessary production with the least possible adverse
impact on the environment and society. Site selection
is a process that defines what is proposed (species,
infrastructure, and so on), estimates the likely outputs
and impacts from that proposal, and assesses the
biological and social carrying capacities of the site

so that the intensity and density of aguaculture do
not exceed these capacities and cause environmental
degradation or social conflicts. It also provides an
assessment for locating farms so that they are not
exposed to adverse impacts from other economic
sectors and vice versa.

Site selection for individual farms within designated
zones is normally led by private-sector stakeholders
with direct interest in a specific aquaculture
investment. The government assists by defining clear
site licencing, environmental impact assessment
procedures, and what is acceptable within the zones
where the sites will be located. The key steps in the
site selection process are:

(i)  assessment of suitability for aquaculture;

(i)  detailed estimation of carrying capacity for sites;
(ii)  biosecurity planning and disease control; and
(iv) authorization arrangements.

5.1 Assessment of suitability for aquaculture

Table 8 lists the most important criteria to be
considered in the selection of individual farm

sites within aquaculture zones. Because of the
multidisciplinary nature of the criteria and the
assessment that needs to be undertaken, it is

normal practice to employ professional aquaculture
technicians and/or consultants. It is always wise to use
conservative estimates (i.e. precautionary principle) in
production system planning.

The assessment should thus include a review of local
conditions (e.g. temperature, water quantity), historic
conditions (such as historical climate data from the

local meteorological agency or other sources), and
some prediction of impacts from aquaculture activity
and measures to be undertaken to minimize impacts
(i.e. mitigation). Before finalizing a site suitability
assessment, a historical review of external risks

should be done, which can include storm, flood and
drought frequency, and intensity data from the zoning
exercise (section 4.2), that should be made available to
individuals or groups seeking permits for aquaculture.

Spacing between the proposed site and other farms
and between the proposed fish farm and other
economic, cultural or ecological assets is of critical
concern in determining where a farm is likely to
succeed and how much product a farm can generate
(Table 9). This is particularly true in the case of disease
transfer, which has proved costly to the aquaculture
community. If farms are too close together, diseases
can easily spread from one farm to another, and
diseases can recirculate leading to persistent problems.
This is what happened in the Chilean salmon farming
industry prior to zoning and carrying capacity based
management, with too many farms crowded into too
small a space. When one farm had a disease outbreak,
it rapidly spread from one farm to another, resulting

in near collapse of the entire industry (see Chile case
study in Annex 5). In the Mekong Delta of Viet Nam,
farm overcrowding has been identified as a key factor
in the inability to manage disease outbreaks (World
Bank, 2014).

The choice of an aquaculture site should also take into
consideration the location and distance of sensitive
habitats, tourist facilities, sites of cultural importance
and other service infrastructure, with a consideration
of the potential to impact these activities or be
impacted by these activities. Table 10 provides an
example of distances from aquaculture facilities to
other areas or activity in British Columbia, Canada.

Being potential sources of pollution or introduction

of disease, human habitation has the potential to be

a threat to the viability of a farm and should, where
possible, be kept at a safe distance. Potentially, tourism
can also be negatively affected, both from a visual
perspective (e.g. visual impacts from tourists visiting
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TABLE 8. Criteria and data requirements to address production, ecological, and social opportunities

and risks

Farming system Production Ecological

Coastal marine Temperature Feed regime

cages Wind, waves, currents Critical habitats
Storm and tsunami exposure Biodiversity
Depth Eutrophication indicators
Salinity Bottom anoxia indicators
Oxygen Environmental impact assessment (EIA)
Diet type data in general
Feed regime Visual impact
Infrastructure Etc.

Investment costs

Nearness to other farms
Nearness to human settlements
Markets

Etc.

Social

Sea and coastal access rights
Access to capital
Beneficiaries

Workforce

Etc.

Freshwater cages Temperature Feed regime

and pens Wind, waves, currents Critical habitats
Depth Biodiversity
Storm exposure Eutrophication indicators
Oxygen Bottom anoxia indicators
Diet type Visual impact
Feed regime EIA data in general
Infrastructure Etc.

Investment, costs

Nearness to other farms
Nearness to human settlements
Markets

Etc.

Landownership

Water and riparian rights
Access to capital
Beneficiaries

Etc.

Bivalve culture Temperature Critical habitats

on the bottom, Wind, waves, currents Biodiversity

in plastic trays, Depth Bottom anoxia indicators
in mesh bags, Storm exposure Visual impact

on rafts or on Salinity EIA data in general
longlines, either pH Etc.

in shallow water or Chlorophyll and productivity

in the intertidal zone Investment, costs
Nearness to other farms
Nearness to human settlements
Markets

Sea and coastal access rights
Access to capital

Workforce

Beneficiaries

Etc.

Modified from Ross et al. (2013).
Notes: Includes social, economic, environmental and governance considerations. Takes into account considerations of carrying capacity for
site selection for different farming systems. The list of criteria is indicative rather than exhaustive.
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TABLE 9. Some examples of regulated site-to-site minimum distances

Country

Site-to-site distances in national regulations

Art. 11°- 15
Aquaculture
environmental
regulation, 2001

Chile Extensive production systems must maintain a minimum distance of 200
metres between them and 400 metres to intensive production systems.
Excluded from this requirement are cultures of macroalgae crops fixed to
a substrate. Suspended cultures of macroalgae must maintain a minimum
distance of 50 metres between them and to other centres.

Norway The act establishes a licencing system for aquaculture and provides The Aquaculture
that the Norwegian Ministry of Trade, Industry and Fisheries may, Act (2005)?
through regulations, prescribe limitations on the number of licences for
aquaculture that are allocated. Accordingly, the Norwegian Ministry of
Trade, Industry and Fisheries may prescribe:

e the number of licences to be allocated;
e geographic distribution of licences;
e prioritization criteria;
e selection of qualified applications in accordance with prioritization
criteria; and
e licence fees.
Turkey Distance between cage farms is determined by the Central Aquaculture Aquaculture

Department, according to criteria such as projected annual production
capacity, water depth and current speed. Distance between tuna cage

Regulation
No. 255073

farms and tuna and other fish farms may not be less than 2 kilometres,
and less than 1 kilometre between other fish farms.

" Environmental Regulations for Aquaculture. 2001. Reglamento ambiental para la acuicultura (Decreto No. 320), 14 de Diciembre de 2001, Chile.
FAOLEX No. LEX-FAOC050323. (also available at http://faolex.fao.org/docs/pdf/chi50323.pdf).

2 Act of 17 June 2005, No. 79, relating to aquaculture (Aquaculture Act). Lov om Akvakultur (Akvakulturloven), | 2005 hefte 8, Norway. FAOLEX
No. LEX-FAOC064840. (English translation by Norwegian Directorate of Fisheries of 24 April 2006 (also available at https://www.regjeringen.no/
globalassets/upload/kilde/fkd/reg/2005/0001/ddd/pdfv/255327-1-0525_akvakulturloveneng.pdf).

3 Aquaculture Regulation No. 25507. Su Uriinleri Yetistiriciligi Yonetmeligi, T.C Resmi Gazete No. 25507. 29 June 2004, Turkey. FAOLEX No. LEX-
FAOC044968. (also available at http://faolex.fao.org/docs/texts/tur44968.doc).

picturesque places that also contain aquaculture) and
from an environmental perspective, whereby negative
impacts on water quality may impact a tourist’s
enjoyment of a local area. It is generally desired

that fish farming operations be located away from
tourist areas. Conversely, biological assets, such as
coral reefs, mangroves, seagrass beds, shellfish beds,
fish spawning grounds and other biodiversity assets,
should be protected by locating aquaculture sites at a
safe distance, preferably downstream where effluents
cannot cause problems. Sites sacred to indigenous
peoples and sites of historical significance should be
respected and only developed through consultation
with stakeholders and with explicit permission.

5.2 Detailed estimation of carrying capacity
for sites

Assessment of carrying capacity at the site level

is much more developed than the assessment at

the zonal or area scales, especially for the marine
environment, but nonetheless still contends with
many of the complexities outlined above when
considering production impacts on water quality

and sediments, and resolving what an acceptable
level of production is. In the majority of cases, site-
level carrying capacity models estimate nutrient inputs
to the environment and assess impacts on sediments,
on the water column, or both. More often than

not, models assess these impacts against minimum
environmental quality standards, often defined
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TABLE 10. Distances between salmon aquaculture sites and other areas in British Columbia, Canada

Distance

At least 1 km
At least 1 km

At least 1 km
At least 300 m

At least 125 m
An appropriate distance
An appropriate distance

At least 30 m

At least 1 km

Not within a 1 km line

In order to not

Not in areas

Not in areas

At least 3 km

Not in areas

Not in areas

At least 3 km

To

in all directions from a First Nations reserve (unless consent is received from the First Nations).

from the mouth of a salmonid bearing stream determined as significant in consultation with
the Department of Fisheries and Oceans Canada (DFO) and the province.

from herring spawning areas designated as having “vital”, “major” or “high” importance.

from intertidal shellfish beds that are exposed to water flow from a salmon farm and which
have regular or traditional use by First Nations, recreational or commercial fisheries.

from all other wild shellfish beds and commercial shellfish-growing operations.

from areas of “sensitive fish habitat”, as determined by DFO and the province.

from the areas used extensively by marine mammals, as determined by DFO and the province.
from the edge of the approach channel to a small craft harbour, federal wharf or dock.

from ecological reserves smaller than 1.000 ha, or approved proposals for ecological reserves
smaller than 1 000 ha.

of sight from existing federal, provincial or regional parks, or marine protected areas (or ap-
proved proposals for these).

infringe on the riparian rights of an upland owner, without consent, for the term of the tenu-
re licence.

that would pre-empt important aboriginal, commercial or recreational fisheries, as determined
by the province in consultation with First Nations and DFO.

of cultural or heritage significance, as determined in the Heritage Conservation Act.
Consistent with approved local government by laws for land use planning and zoning.

from any existing finfish aquaculture site, or in accordance with a local area plan or Coastal
Zone Management Plan.

that would pre-empt important aboriginal, commercial or recreational fisheries, as
determined by the province in consultation with First Nations and DFO.

of cultural or heritage significance, as determined in the Heritage Conservation Act.
Consistent with approved local government by laws for land use planning and zoning.

from any existing finfish aquaculture site, or in accordance with a local area plan or Coastal
Zone Management Plan.

Source: Dow (2004).

nationally through scientific endeavour and (in some
cases) set specifically by regulators, which then set

a maximum production level, often derived through
an iterative process. Some models take this further

by assessing profitability to ensure the ecological limits
defined are profitable for the farmer as well.

balance for many different parameters, the most widely
used being nitrogen and phosphorus concentrations
into and from aquaculture systems. There is a
determination of how much of a specific nutrient
enters or is removed from a local (site) system and
analysis of the consequences of that input/removal for
the waterbody.

Site carrying capacity models can range from simple

mathematical calculations to more complex integrated
processes that require specialized software. In perhaps
the simplest form, model equations produce a mass

A relatively simple example of a nutrient-based carrying
capacity model was developed by Halide, Brinkman
and McKinnon (2008) and is available online at
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http://epubs.aims.gov.au/handle/11068/7831;
it is in part based on the MOM model (see below).

Other models are significantly more complex, and

a few only are summarized here to indicate what

is possible. The MOM model (Ervik et al., 1997;
Stigebrandt, 2011) defines, among other things,
changes to sediment oxygen concentration from the
deposition of particulate matter for a certain level

of production, which is compared with a minimum
environmental quality standard. Additionally, the Farm
Aquaculture Resource Management (FARM) model
assesses species growth and the likely impacts of that
growth on environmental conditions (Ferreira, Hawkins
and Bricker, 2007; Cubillo et al., 2016).

Another approach to carrying capacity estimation at the
farm scale uses depositional models (Cromey, Nickell and
Black, 2002; Corner et al., 2006; Ferreira, Hawkins and
Bricker, 2007; Ferreira et al., 2008a, 2008b; Cubillo et
al., 2016), which predict the accumulation of particulate
outputs from fish cage aquaculture in the sediments
below fish cages (Figure 3) or other aquaculture systems,
and can be used in local-scale assessment of the effects
of fish cages on sensitive demersal flora and fauna. The
DEPOMOD model (Cromey, Nickell and Black, 2002)

is a particle tracking model for predicting flux and
resuspension of particulate waste material and assesses
the associated benthic community, the outcome of
which can be a definition of an allowable zone of effect;
see Cromey (2008). The ORGANIX model (Cubillo et al.,
2016) can be used to evaluate settlement of wastes,

and combined with the FARM model can assess the
local impacts of multiple species, individually, and in
combination in an integrated multi-trophic aquaculture
(IMTA) system.

To estimate carrying capacity of shellfish and seaweeds,
which do not pollute through nutrient outfall, but

do compete with wild organisms for food, nutrients
and oxygen, models should calculate the amount of
shellfish that can be grown in a particular site without
starving either the cultured or wild animals in the

area. Ferreira (1995), Nobre et al. (2005, 2011), and
Ferreira et al. (2008a) describe a carrying capacity
model applicable for such systems. EcoWin is based on

hydrodynamics, suspended matter transport, nitrogen
cycle, phytoplankton and detrital dynamics, shellfish
growth and human interaction and has been field
tested in a number of locations, notably in Ireland
(Ferreira, Hawkins and Bricker, 2007) and China
(Ferreira et al., 2008Db).

An efficient production plan for aquaculture

needs to consider carrying capacity and site
characteristics to determine how much production

can be accommodated in a particular location and,
consequently, the amount of money that could be
generated in order to achieve sustainability. Crowded
production units mean that the stock can suffer from
crowding stress, which lowers productivity (Figure 4),
in addition to the disease transfer risks outlined
previously. Figure 4 shows the evolution of productivity
for three fish species in Chile over time, with dips in
productivity associated with overcrowding, particularly
of Atlantic salmon (Sa/mo salar). The decrease was
critical in 2008 and 2009, and at this time saw the
introduction of new regulations that established area
management and coordinated fallowing periods, which
resulted in improved productivity for all three species.
Achieving production within the carrying capacity

of the local system means managing for maximum
productivity rather than maximum standing stock

(e.g. the number of fish in the water at any one time),
which will reduce pollution and costs while ensuring the
welfare and maximizing the growth rate of the stock.

Carrying capacity estimation for individual farm sites
is usually undertaken as part of the environmental
impact assessment (EIA) and the licencing procedure
(FAO, 2009). A fair and equitable licencing procedure,
an EIA and an assessment of carrying capacity enable
the setting of limits on farm size, including permits to
discharge nutrients or other wastes to a waterbody, to
ensure that there is no deterioration of water quality.
This is particularly important for fed culture systems
that generate wastes, but also for extractive species
where wild stocks also need to be maintained.

For project planners at all levels, estimating carrying
capacity is crucial to ensure overall sustainability of
farms, and a number of modelling tools are available
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FIGURE 3. Output from a particulate waste distribution model developed for fish culture in Huangdun
Bay, China, using GIS, which provides a footprint of organic enrichment beneath fish farms
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Source: Corner et al. (2006).

to be able to better understand what the limits are
(see Annex 4). Models are generally the domain of
knowledgeable specialists, and it is recommended
that a suitable consultant conversant with appropriate
models be engaged to develop systems relevant to
specific circumstances.

5.3 Biosecurity planning and disease control

Diseases cause up to 40 percent of all losses in
aquaculture systems, so biosecurity is an essential
component of proper farm management at the site
level. Diseases can spread to and from wild animals
in the water surrounding a farm and through the
water to other farms, and thus they are of concern
to all stakeholders locally and within an aquaculture
zone. Individual farms must maintain strict measures
to prevent diseases coming into the farm (e.g. using
certified disease-free stock), and maintain healthy and
unstressed stocks and implement good hygiene practices
so that diseases cannot gain a foothold and spread.

Most diseases affecting aquaculture organisms are
more or less ubiquitous, present in low numbers
in wild populations or in the environment. In most
populations, some individuals will be resistant to a
disease, but could still be a carrier. The onset of a

disease outbreak not only requires the pathogen

to be present, but stocks will also need to be in a
vulnerable state, typically induced by some kind of
stress. Common stressors in aquaculture include rough
handling, low dissolved oxygen, inadequate feeding,
and temperatures being either too high or too low

or fluctuating. The combination of stressed fish and
pathogen presence can lead to a disease outbreak.

The World Organisation for Animal Health is

the leading international authority on disease
management, including fish and shellfish. It proposes
guidelines, published as the Aquatic Animal Health
Code (available at www.oie.int/international-standard-
setting/aquatic-code/access-online). Additionally,

the fundamentals of aquaculture animal disease
management have been reviewed by Scarfe et al.
(2009). The basic components of a farm- or site-level
biosecurity plan are:

e Screening and quarantine—all animals coming onto
the farm should be certified disease free and tested
for disease on arrival, and be maintained in separate
holding facilities for a period of time to ensure that
they are not infected.

e [solation—nets, tanks and other equipment should
be routinely disinfected, and farm workers should
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FIGURE 4. Changes in productivity for three species of fish (kg harvest per smolt) under overcrowded
(pre-2009) and properly spaced (post-2008) farm density
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maintain good hygiene, including handwashing
and foot or boot washing. The amount of vehicular
traffic (cars, boats) between the farm and the
surrounding area should be kept to a minimum and
disinfected upon return when possible.

Proper handling—to avoid stress, fish should be
kept in well-oxygenated water at an optimum
temperature during holding and transport, and
handled as little as possible during transport and
when on site.

Proper stocking density—in addition to causing
stress, high-density conditions increase the
frequency of contact among individual fish, leading
to increased rates of disease transmission and
infection.

Regular monitoring—one of the first signs of disease
is loss of appetite. Fish should be monitored closely

during routine feeding to ensure that the fish are
eating well and are healthy. Suspect animals should
be removed immediately.

e Veterinary services—a licenced veterinarian should
sample the farmed stock at regular intervals to
ensure that any latent problem is detected as early
as possible. If a government veterinarian is not
available, farmers should call on a local specialist.

A more detailed analysis of the biosecurity implications
for spatial planning and management can be found

in Annex 2. Overall, a well-managed site, with
maintained and healthy, well-fed stock along with
appropriate and implemented hygiene procedures,
reduces the likelihood of a disease outbreak and
transmission between sites.
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5.4 Authorization arrangements

The aquaculture leasing, licencing or permitting
system is normally established through legislation or
aquaculture-specific regulations. Implementation of
these legislative or regulatory instruments and any
protocols that define the procedures to be followed
leads to the issuance of authorization to conduct
aquaculture, usually containing specific terms and
conditions that bind the lease, licence or permit
holder.

The leasing, licencing or permitting system provides
the authorities with the means to verify the legality
of an aquaculture operation at a proposed site, and
can be used as a basis for controlling and monitoring
the potential environmental and social impacts of
the operation. These authorizations/licences/permits
typically outline what the holder is permitted to do
by establishing the permitted physical dimensions of
the site, the species that can be grown, acceptable
operating conditions in relation to production and
nutrient load limits, and the period over which
permission to operate is valid.

A proper leasing, licencing or permitting system
provides a legally secure right to conduct
aquaculture operations in a specific location for a
specified period of time. It provides exclusivity and
ownership over the farmed organisms to the holder
of the authorization, and protects investors from
interference and from political vagaries in order to
provide investor confidence. The authorization also
allows the holder of such authorization to enforce
the right accorded under the authorization against
third parties, if the right is frustrated or denied or
cancelled without good or legal reason for such
cancellation.

Regulations governing the issuance of leases, licences

and permits should consider the different stages of

aquaculture development in a particular locale:

* New site—a proposal for a new previously
undeveloped site for aquaculture. Most countries
have specific rules for the location of a new

farm to avoid locating it near habitats of special
interest (recreation, wildlife, fishing zones) or near
industries and sewage outfall. In many cases, site
selection decisions are made in response to singular
applications.

e Change of use—proposals that involve a change
in the species that will be farmed on site, new
or modified production practices, or requests
to increase production. A new EIA and carrying
capacity estimation could be needed to make an
appropriate decision.

All leasing, licencing and permitting systems should
include consideration of distances among aquaculture
sites existing and planned, and between aquaculture
and other, potentially conflicting, uses. Safe minimum
site distance depends on many factors, including, but
not necessarily limited to, wind direction and speed,
water currents and direction, visibility of installations,
wildlife corridors and nature reserves,

and transportation routes.

5.4.1 Aquaculture licences or permits

Each separate company or legal entity operating

within an aguaculture zone should be required to have

an aquaculture licence or permit that defines:

e species to be cultured,;

e maximum permitted annual production or peak
biomass;

e culture method;

e site marking for navigation safety; and

e any special conditions such as regular environmental
surveys and other monitoring.

There should be penalties or measures taken for
contravening a condition of an aquaculture licence.
In addition, a licence should also contain a provision
giving the licensor the right to cancel, suspend

or not renew a licence where the holder fails to
adhere to the required standards, or where new
information means the site is no longer acceptable
or sustainable.
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5.4.2 Aquaculture leases

Each separate company or legal entity operating

within the zone should be granted legal tenure by

way of an aquaculture lease issued by the competent

authority. The aquaculture lease would include terms

and conditions that specify:

e the terms or duration of the lease and its renewal
options;

e perimeter location (latitude and longitude);

* |ease fees; and

e other specific criteria such as what happens if there
is no operation of the site within a specified time, or
penalties for non-payment of fees or abandonment.

For both licences and permits, there should be regular
surveys to monitor social and environmental impacts
to ensure that they remain within acceptable levels.

In cases where problems are occurring, flexibility in the
licencing, permitting and/or lease terms should provide
the farmer/owner with sufficient time to enable
mitigation measures to be put in place and changes to
be made before more drastic action is taken (such as
removal of the licence).
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Tilapia cage culture in Beihai, China

When there are several farms in an enclosed or well contained waterbody, it is essential to develop and implement an area management
plan to minimize risks of disease and environmental risks.

Tilapia is cultured in many types of production systems. This flexibility makes the fish attractive to farmers in many parts of the world
for subsistence and commercial production. Tilapia is also a favourite for many consumers. Fish from this farm in China is destined for

the American market, although consumption is increasing locally. This strong demand is supporting increased production around the
world in ponds and cages, in fresh and brackish water. However, as the industry grows, the risks also grow. Farmers must do their part
to reduce environmental and disease risks on each farm as part of a larger resource management system that will protect the quality
of water resources and the livelihoods for producers. Standardizing production practices and coordinating disease risks through area
management strategies are key aspects for ensuring sustainable growth of the industry.

Courtesy of Jack Morales




6. AQUACULTURE MANAGEMENT
AREAS

The designation and operation of an aquaculture
management area (AMA) lies at the heart of the
ecosystem approach to aquaculture. It is at this level
of organization that collective farm and environmental
management decisions are made that can more
broadly protect the environment, reduce risk for
aquaculture investors, and minimize conflict with
other natural resource users.

There are activities that are amenable to area
management that often fail to be effective when
implemented at the individual farm level. Examples
include the coordination of cropping cycles for sales
and marketing purposes; synchronicity of treatments
in disease management; environmental monitoring
that ensures the cumulative effects of multiple farms
are not unduly harming the environment; waste
treatment and management; collective negotiation of
input (e.g. feed supply) and service (e.g. monitoring)
contracts; collective certification and marketing of
products; the ability to implement a comprehensive
biosecurity and veterinary plan; and provision of
collective representation to the government and with
other stakeholders. The key steps in the definition and
management of AMAs are:

(i) delineation of management area boundaries with
appropriate stakeholder consultation;

(i) establishing an area management entity involving
local communities as appropriate;

(iii) carrying capacity and environmental monitoring of
AMAs;

(iv) disease control in AMAs;

(v) better management practices;

(vi) group certification; and

(vii) essential steps in the implementation, monitoring
and evaluation of a management plan for an
AMA.

6.1 Delineation of management area boundaries
with appropriate stakeholder consultation

Within a defined aquaculture zone, AMA boundaries
can be based on biophysical, environmental,
socioeconomic and/or governance based criteria that,

by overlapping, result in one geographical area with
an identifiable physical/ecosystem base. For ease

of regulation, AMAs should ideally be within one
governance administrative unit (e.g. municipal,
state, district, region). The AMA should be large
enough to make a real difference in the ability of the
components to increase their operating efficiency, but
small enough to be functional and easily managed.
Without specific governmental interference, farms and
farmers will often self-organize around areas that are
good for aquaculture. Their designation as aquaculture
management areas simply allows for more formal and
better overall management.

The most common means to delineate an AMA

is related to disease, in particular disease transfer,
which is spread through a common water

source. Since diseases move through water and
environmental loading is a function of the outflow
of nutrients and wastes from all farms within a
given area, it would be typical for the AMA to be
delineated by the water surface/supply that is shared
by all farms within it. Ensuring that all users of a
common water source are in the same AMA creates
incentives for cooperation in maintaining good water
quality and in coordinated disease management.

In cases where it is not obvious how water flow

and diseases move from farm to farm, it may be
necessary to develop a hydrological (freshwater)

or hydrodynamic (marine water) map of the area.
Such a map would identify major water sources, or
tides and currents, that effect water movement or
flows, and will assist in determining where the AMA
boundaries should be located.

It is important that all farms within a designated AMA
cooperate. Failure by one or a few farms to participate
fully and to find solutions to problems when they
occur may result in farmers who do participate
becoming discouraged with a resultant loss of interest
in cooperating. This is potentially wasteful in terms

of time and energy on the part of the government
seeking to sustainably develop aquaculture.

It is not always the case that farms in close physical
proximity necessarily share a common water supply.
In these circumstances, due to their close proximity,
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it may increase the likelihood of a disease transfer
through other means (e.g. sharing workers, predation
of diseased stock by birds that are then dropped

into the neighbouring farm), and these farms should
be extra vigilant in managing how they interact to
minimize the overall risks.

Broadly, designating physical boundaries for cage
aquaculture in a lake or embayment is relatively
straightforward (Figure 5a). Pond aquaculture systems
are more complex, as it is often difficult to spatially
arrange ponds in any meaningful way; for example,
in a river delta where the catchment (and therefore
the water source) may be significantly larger and
more dispersed than the aquaculture activity using
that water. Nonetheless, attempts should be made
to delineate AMAs for freshwater pond systems

(e.g. Figure 5b), and then to undertake periodic
assessments to ensure they function correctly. It is
much easier to organize AMAs before aquaculture
becomes well established, and therefore difficult

to move, rather than later when farms are already
operating and unable to relocate. Nonetheless, the
rewards from better management, perhaps increased
production, better coordination of shared resources
and reduction of risk, mean that even where farms are
long established the development of an AMA system
is worth the time and effort.

It is not necessary that an AMA is specific to a single kind
of aquaculture system or to a single species. For example,
IMTA provides the by-products, including waste, from
one aquatic species as inputs (fertilizers, food) to another.
Farmers combine fed aquaculture monitoring

(e.g. fish, shrimp) with inorganic extractive (e.g. seaweed)
and organic extractive (e.g. shellfish) aguaculture to
create balanced systems for environment remediation
(biomitigation), economic stability (improved output,
lower cost, product diversification and risk reduction),
and social acceptability (better management practices).
IMTA is most appropriate at the landscape level, and

it is thus very relevant for an AMA. The delineation

of management area boundaries should be done in
consultation with all relevant stakeholders.

A consultation process is an opportunity for
stakeholders to obtain information as well as give
feedback. Stakeholders can use the opportunity

to educate about the local context, raise issues

and concerns, ask questions, and potentially make
suggestions for the delineation of the management
area. Therefore, a planned participatory process with
consultation with all relevant stakeholders needs to
be in place, commencing with clear objectives about
what is to be achieved.

6.2 Establishing an area management entity
involving local communities as appropriate

In any specific farm, it is imperative that the farmer
operates to the highest standards in managing the
site. It may not, however, be possible to influence
everything that happens in the wider area, especially
when other farms are in operation. Added to this,

the impacts of disease and environmental loading to

a waterbody or watershed are the result of all farms
operating in that waterbody or watershed; and control
cannot be managed by any single farm working
alone, and collective activity becomes important in
these circumstances. Where possible, all operating
farms within an AMA should be members of a
farmers’ or producers’ association as a means to allow
representation in an area management entity, and
which can set and enforce among members the norms
of responsible behaviour, including, for example, the
development of codes of conduct.

There is more than one way to develop an entity for an
AMA, given that the legal, regulatory and institutional
framework will vary at the national, regional and local
levels. While the main impetus for the establishment
of a farmers’ or producers’ association must come
from the farmers themselves, there is nonetheless a
significant role for the government as a convening
body and, ultimately, the government has specific
responsibility as the regulator and can place a high
degree of impetus on the farmers to coordinate.

The government could help by providing basic services
(e.g. veterinary, environmental impact monitoring,
conflict resolution) through the farmers’ association,
which will encourage cooperation by all farmers.

Importantly, the government may also need to create
a formal structure through which it engages with the
farmers’ associations that develop.
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FIGURE 5a and 5b. Conceptual arrangement of aquaculture farming sites clustered within management
areas designated within aquaculture zones

a. Coastal and
marine aquaculture

Note:

Schematic figure of a designated aquaculture zone (hatched area in blue colour) representing an estuary and the adjacent coastal marine area.
Individual farms/sites (F), owned by different farmers, are presented in different colours and can incorporate different species and farming systems.
Four clusters of farms illustrate examples of AMAs, grouped according to a set of criteria that include risks and opportunities and that account for
tides and water movement.

b. Inland aquaculture

Note:

Schematic figure of an existing aquaculture zone (the whole depicted area) representing individual land-based farms (F), e.g. catfish ponds and/or
other species, that may be owned by different farmers (presented in different colours). In this example, there are four AMAs. The commonality in the
AMA is the water sources and water flow (arrows) as the priority criteria (e.g. addressing fish health and environmental risks) used to set boundaries
of the AMAs.
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The number of individual farmers to be included in

an AMA should be carefully planned and discussed

to make the AMA operational. Some good examples
of farmer associations include those in Chile, Hainan
Island (China), India and the United Kingdom of Great
Britain and Northern Ireland.

In Chile, there are approximately 17 corporate entities in
the main producer’s association, Salmon Chile, and when
a significant disease outbreak occurred, aquaculture
area management was used to overcome and manage
the outbreak, with Salmon Chile developing and
implementing some of the response measures.

The Scottish Salmon Producers Organisation (SSPO)
incorporates 10 commercial decision-making
entities, all of whom adhere to common principles of
behaviour, adopt best practices, and share important
disease and market information for the benefit of

all members. In Scotland, the United Kingdom of
Great Britain and Northern Ireland, AMAs were

also developed out of a need to contain a disease
outbreak, infectious salmon anemia (ISA), and which
included control measures to eliminate transfer of
stock between AMAs.

The Sustainable Fisheries Partnership (SFP) organizes
farmers’ associations into groups of approximately 20
on Hainan Island (China) and continues to support
the Hainan Tilapia Sustainability Alliance. It is driven
by a group of leading local companies who support
the associations with seed, feed, technical support,
farming and processing, and increasingly involving
more of the local industry.

Cluster management, used to implement appropriate
better management practices in Andhra Pradesh,
India, can be an effective tool for improving
aquaculture governance and management in the
small-scale farming sector, enabling farmers to work
together, improve production, develop sufficient
economies of scale and knowledge to participate

in modern market chains, increase their ability to

join certification schemes, improve their reliability of
production, and reduce risks such as disease (Kassam,
Subasinghe and Phillips, 2011).

To be effective, it is important that all or nearly all of the
farmers are part of the management plan, so as to
avoid cheating on best practices that can lead to
disaster for all. The SSPO in Scotland, the United
Kingdom of Great Britain and Northern Ireland, and
Salmon Chile in Chile represent ~90 percent of
production in their respective management areas, and
have been successful in coordinating and expanding
production.

Where there is already a well-established aquaculture
industry, it may be practically difficult to reorganize
farms into defined aquaculture areas, in which case it
may be necessary to adopt a strategic approach that
establishes a working area management entity around
a core of interested farmers, and gradually expanding
to incorporate as many other farmers in the watershed
as possible. If a serious problem occurs, such as a
disease outbreak or pollution problems that affect an
aquaculture area, and a sizeable number of farmers
refuse to cooperate with the area management entity,
it may be necessary for the government to impose
regulations that require participation in an AMA as part
of the permitting/leasing process to force the process.

The different scales of farmer groups will have a
different internal governance and management
system. Any system developed must formally identify
how decisions will be made, have clear leadership
and hierarchy within the group, and determine
how the costs and any profits will be managed. In
small farmer groups, it is easy for all members to

be involved in day-to-day decision-making, but as
farmer groups become larger, representatives are
usually chosen to manage the group on behalf of
members. In some cases, group members may not
have sufficient business and management skills and
experience to manage the AMA effectively and could
employ professional managers from outside the
group to manage their organization until sufficient
experience is gained. Management of larger, more
complex AMAs can be a time-consuming task,
leaving little time for people to focus on their own
individual farm management and production, and is
another reason why a professional manager may be
useful.
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The structure of the AMA entity will vary depending
on whether parties are the same size. AMA entities
should be inclusive, as appropriate, for identification
of issues, and stakeholder participation is essential.
Under these circumstances, undue dominance by
one or more larger commercial entities within an
AMA can lead to disagreement on a course of
action (e.g. affordable by some but not all), which
might place a burden on the larger companies in
providing the needed financial and other support to
smaller farmers within the AMA. Conversely, there
are instances where larger companies that support
small farmers facilitate overall development and
support to small farmers who have less capacity to
take action. Some AMAs will make more sense for
large-scale commercial aquaculture, while other
AMAs could include a mix of producer sizes and
types or could be designed just for small-scale
farmers.

6.2.1 What does the area management entity
do?

The purpose of the area management entity is the
setting and implementation of general management
goals and objectives for the AMA, developing
common practices that ensure commonality in
operations to the best and highest standards
possible, and focusing on the activity that cannot be
achieved by each farmer alone. In doing so, the entity
is able to develop a management plan for the AMA.

A range of issues that could be best addressed at the
level of the farmer’s association are listed in Table

11. What is important is that the activity is of direct
relevance and benefit to farmers, and that it leads

to effective management of the AMA. The entity is
not there specifically to resolve individual disputes
between farmers, although the management entity
can of course play a conciliation role where this does
occur.

A major justification for collective action on the
part of fish farmers is the reduction of risk to the
farming system and to natural and social systems.
To guide the creation of an area management plan,

a thorough risk assessment should be considered to
prioritize the most important risks that should be
addressed, and identify actions to be implemented to
overcome or otherwise mitigate the risks.

The majority of relevant threats “from and to”
aquaculture have a spatial dimension and can be
mapped. Risk mapping of AMAs should include those
risks associated with the clustering of a number of
farms within the same water resource, as well as
external impacts that can affect the farm cluster, for
example:

e eutrophication or low dissolved oxygen levels;

® impact on sensitive habitats;

e impact on sensitive flora (e.g. posidonia beds) or
fauna;

e predators (e.g. diving birds, otters, seals);

e epizootics/fish disease outbreaks (e.g. ISA);

e social impact and conflict with local communities
and other users of the resource, including, for
example, theft;

e storms and storm surge;

e flooding; and

e algal blooms.

A variety of data and tools exist to support risk
mapping analysis. Some GlIS-capable systems are
specifically targeted at risk mapping, and many
general-use GIS systems have sufficient capability to
be incorporated into risk management strategies.
Remote sensing is a useful tool for the capture of
data subsequently to be incorporated into a GIS,
and for real-time monitoring of environmental
conditions for operational management of
aquaculture facilities. Satellite imagery has an
important role to play in the early detection of
harmful algal blooms (HABs). For example, in
Chile, an early warning service based on Earth
observation data delivers forecasts of potential
HABs to aquaculture companies via a customized
Internet portal (Figure 6). This Chilean case was led
by Hatfield Consultants Ltd (Hatfield, UK), using
funding from the European Space Agency-funded
Chilean Aquaculture Project.
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FIGURE 6. Monitoring and modelling of bloom events in the Gulf of Ancud and Corcovado, south of
Puerto Montt in Chile
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Source: Stockwell et al. (2006).
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Another example of early warning for aquaculture is in
Europe: the project Applied Simulations and Integrated
Modelling for the Understanding of Toxic and Harmful
Algal Blooms (ASIMUTH) funded by the European
Union (www.asimuth.eu) used a collection of satellite
and modelling data to construct a HAB forecasting
tool. They incorporated ocean, geophysical, biological
and toxicity data to build a near-real-time warning
system, which took the form of a Web portal, an SMS
alert system for farmers, and a smartphone app. The
Web portal is curated and maintained by scientists

in each country participating in ASIMUTH (France,
Ireland, Portugal, Spain and the United Kingdom of
Great Britain and Northern Ireland).

Over and above the issues listed in Table 11 are the
key management measures that have been taken to
address the key issues listed above where collective
action is better than singular action, namely:

Improving aquatic animal health management

and biosecurity

® Develop a common aquatic animal health and
biosecurity plan for the area. Defines the approach
to mitigate against disease risks for the area.

e Implementation of single year classes of stock
(e.g. fish) where juvenile inputs are coordinated
and managed in order to ensure there is no disease
transfer through mixing stocks and to allow for a
fallow period to break disease cycles.

e Disease control through regular disease surveillance
and synchronized disease and parasite treatments.
Treatment with the same medication is useful, and
use of only authorized medication is expected.

e \Vaccination of stock for specific diseases, where
vaccines are available, with vaccination of all
juveniles prior to stocking.

TABLE 11. Common issues to be addressed in aquaculture management areas

Social Economic

Production losses due to fish
diseases and fish kills

User rights conflicts

Production losses due to
thievery and general security

Resource use conflicts
(e.g. water use, space, etc.)

Poor access to markets/low
selling prices, etc.

Lack of training

Limited access to inputs
(seed, feed, capital, etc.)

Lack of adequate services

Lack of employment and Lack of post-harvest facilities

poor labour conditions

Lack of opportunities
for women

Food safety problems

Environmental

Eutrophication

of the common area
Poor discard of solid
wastes (feed sacs,
dead fish, etc.)
Disease and parasite
transfer to wild stocks

Escapes impacting
biodiversity

Use of chemicals
impacting biodiversity
Use of fish as feed

with negative impacts
on local fisheries

Poor management
of water use

Habitat disturbance
(on mangroves,

coral reefs, seagrasses,
etc.)

Governance

Weak management body

Non-compliance
by farmers

Inadequate monitoring
and control

Poor or slow conflict
resolution

Lack of institutional
capacity

Lack of political will
towards aquaculture

Absence of biosecurity
frameworks

Damage to the farms
caused by climatic variability,
climate change or other
external forcing factors
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e Coordination for fallowing and restocking dates.
Synchronized fallowing, leaving the whole area
empty of cultured fish for a specified time, and
subsequent coordinated restocking supports
biosecurity. Dates should be agreed upon between
all parties and should be obligatory.

® Monitor the health status of newly stocked juveniles.

There should be agreement on the quality of

the juveniles to be stocked into a management

area, which may include: physiological status of

juveniles; use of vaccines; sourcing juveniles from
specific pathogen free sources; and tests for specific
pathogens on arrival.

Control of movement of gametes/eggs/stock

between the farms within the AMA and into the

AMA from external sources.

e Disinfection of equipment, well boats, and so on
at farms, and following any movements between
different farms by defining the expected disinfection
protocols.

e Regular monitoring and reporting of aquatic animal
health status, regular monitoring of disease criteria,
and other management measures within the AMA.
This should include measures to be taken against
non-conforming or non-complying farmers.

e Reconsidering the AMA boundaries to control a
disease; for example, following the definition of
epidemiological units in order to limit spread and
impact of disease outbreaks within the common
area.

For more information on biosecurity, see Annex 2.

Control of environmental impact, particularly
cumulative impact

e Establishing the carrying capacity for the area to
receive nutrients. In most cases, this is one of the
first measures needed to adjust production and plan
for the future of the AMA.

e Protecting natural genetic resources. Preparation
of containment and contingency plans to minimize
escapes and to control the input of alien (non-
native) species introduction.

* Improving water quality by reducing contribution to
eutrophication. This will involve an improvement in

FCR so that excess nutrient wastes are also reduced.
May involve re-siting farming structures (e.g. in the
case of cages) where a new layout for the AMA
could improve nutrient flows. This is also related to
the first bullet point above.

e Environmental monitoring and implementation
of regular environmental monitoring surveys and
reporting and sharing of results.

e Fallowing of aquaculture areas. Synchronized
fallowing of aquaculture areas, which leaves
the whole area empty of cultured fish for a
specified time. This is a biosecurity as well as an
environmental management measure. It helps to
break the disease and parasite cycle and allows
the sediments and water quality to partially
recover.

Improved economic performance of member
farms

e Negotiation of supply and service contracts, whereby
effective economies of scale and better terms can
be achieved by negotiating contracts for common
services (such as environmental monitoring), as
well as for technology, fertilizer and feed supplies,
among others.

* Marketing. Sharing post-harvest facilities (ice
machines, packing facilities, refrigeration facilities,
etc.). Establishing a common marketing platform.

e Sharing of infrastructure, such as jetties, boat
ramps, feed storage facilities, sorting, grading and
marketing areas, and ice production plants.

e Sharing of services, such as net-making, net-washing
and net-repair facilities.

e Data collection, reporting, analysis and information
exchange. Information exchange may include:
veterinary reports; mortality rates; timing and types
of medicines used; and mutual inspections for
assurance purposes, both within the AMA entity
and with external stakeholders, such as government
departments.

e Coordinated harvesting and marketing that
allows farms within the AMA to have a larger and
continuous sales and marketing platform from
which to sell products.
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Social management measures and minimizing
conflict with other resource users

e Facilitating and strengthening clusters and farmer
associations.

e |dentifying relevant social issues generated by
aquaculture in the coastal communities.

e Social impact monitoring by agreeing on and setting
indicators of impacts and regular monitoring of the
impacts on local communities and other users of the
water and other resources.

e Management of labour by monitoring workers’
health and that of their families, implementing
safety standards, providing appropriate wages and
benefits, and identifying additional employment
opportunities along the value chain. This will also
include developing and implementing training
activities to upgrade the skills of workers.

e Implement conflict resolution and measures to avoid
conflict. If conflict does occur between farmers and
between the management area and local interests
(with fishers, for example), then resolution procedures
should be fair, uncomplicated and inexpensive.

Once key issues are identified and agreed upon

by the group, the management entity should

develop management measures to address the key
issues. These will then be incorporated into an area
management agreement or plan that can guide
future action for implementation.® The measures
should be the most cost-effective set of management
arrangements designed to generate acceptable
performance in pursuit of the objectives.

Without a clear set of objectives and time frame for
their achievement, the area management entity can
turn into a “talk shop” and lose credibility among
farmers, reducing its effectiveness and influence.
Some elements of an area management agreement or
plan that should be considered are as follows:

e agreement on the participants;
e clear statements on the objectives and expected
outcomes;

e definition of the area and the farms included;

* agreement on the management measures;

® 3 management structure must have a mechanism
to engage with public agencies and organizations,
representatives from stakeholders, NGOs and other
sectors that use the aquatic resource;

e responsibilities for implementation of the
management plan must be clearly allocated to
particular institutions and individuals;

e all farmers within the AMA must agree to conform
to the management plan;

e the management structure must be able, willing, and
allowed to implement or administer the incentives
and disincentives to farmers who do not conform to
the management plan;

® an agreed upon timetable;

e the roles and responsibilities and desired
competencies for the key persons participating in
key management positions within the zone; and

e financial arrangements supporting the management
plan and area management entity.

6.3 Carrying capacity and environmental
monitoring of AMAs

Estimates of environmental carrying capacity of the
area should be made and regular surveys conducted
to reassess the area. Carrying capacity at the AMA
scale could be undertaken, for example, using
depositional models (particle tracking) that predict
the particulate outputs from fish cage aquaculture
and that can be used in local-scale assessment of the
effects of fish cages on the organic footprint impact
on the sediment and sensitive demersal flora and
fauna. Particulate tracking models use the output
from a spatially explicit hydrodynamic-dependent
particle tracking model to predict (organic) flux

from culture sites to the bottom. At the local scale,
screening models may be used to look at aquaculture
yields,local impacts of fish farming and water quality.
Figure 7 shows the modelled sediment impact below
a cluster of fish farms in Panabo Mariculture Park,
the Philippines, based on the existing situation (2012)
and proposed rearrangement of the layout to increase
production while trying to minimize impact.

& For more information on EAA management plans, see FAO (2010); FAO (2012); Gumy, Soto and Morales (2014); and FAO (2016b).
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FIGURE 7. Output from a particulate waste distribution model (TROPOMOD) developed for fish cage
culture, which provides a footprint of organic enrichment beneath clusters of fish farms (Panabo
Mariculture Park, the Philippines)
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Source: Lopez and White. Case study of the Philippines; Annex 5 of this publication.

Regular environmental monitoring surveys of the regulation of Turkish marine finfish aquaculture
individual farms for local impact and aquaculture area to protect coastal waters, especially those of enclosed
monitoring for clusters of farms are needed. In Turkey, bays and gulfs from pollution by fish farming.
aquaculture zones are monitored using the TRIX index, Environmental monitoring systems are essential to

which is a measure of eutrophication, and is a tool for address climatic variability and climate change (Box 2).

BOX 2
Area-based environmental monitoring systems to address climatic variability and climate change

Even though each farmer may collect some information and may have access to meteorological forecasts,

these may not be enough for early warning on local extreme events. Simple information collected and shared on

a permanent basis (e.g. water temperature, oxygen, transparency, water level, fish behaviour, salinity) can be

highly relevant for decision-making, especially when changes can produce dramatic consequences. For example,
temperatures above or below average can trigger diseases, or can bring anoxic water to the surface or trigger

algal blooms that Kill fish. The monitoring of environmental variables such as oxygen and water transparency can
also indicate excessive nutrient output from farms, etc. The sharing of monitoring information in common areas
combined with early warning systems can assist rapid response to diseases and other threats such as algal blooms
and anoxic bouts. In general, environmental monitoring systems should follow a risk-based approach that recognizes
that increased risk requires increased monitoring efforts. The involvement and value of locally collected information
should be seen as very relevant to farmers to better understand the biophysical processes and become part of the
solution, e.g. rapid adaptation measures and early warning, long-term behavioural and investment changes. Key
activities include training of local stakeholders on the value of the information, monitoring, and use of the feedback
for decision-making. It is also advisable to provide/implement some simple network/platform to receive and analyse
the information, to coordinate and connect with broader forecasts and monitoring systems, and to provide timely
feedback that is useful to local stakeholders. In such cases, well organized AMAs can generate information and
facilitate feedback for faster responses.

A recent consultation on developing an environmental monitoring system to strengthen fisheries and aquaculture
resilience and improve early warning in the Lower Mekong Basin took place in Bangkok, Thailand, in 2015 (FAO, 2017).
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Capacity building

The FAO-INPESCA workshop on estimating carrying capacity for shrimp farming in Estero Real, Gulf of Fonseca, Nicaragua, targeted
25 stakeholder representatives, including national and local government aquaculture technical personnel, shrimp farmer companies,
shrimp farming cooperatives, local communities, and representatives of fishers from Estero Real. The workshop focused on the process
and steps to assess carrying capacity for shrimp farming in a Ramsar area and review current aquaculture zoning and management
measures to ensure a sustainable shrimp farming sector.

Courtesy of Doris Soto




6.3.1 Some key actions to establish ecological
carrying capacity and maximum allowable
aquaculture production in aquaculture zones and
aquaculture management areas

1. Define the boundaries of the aquaculture
zone or aquaculture management area,
considering it as an ecosystem unit. In
freshwater systems boundaries are generally
physical boundaries such as a river basin, a water
catchment, a lake or oxbow lake. Boundaries
in marine systems for enclosed bays or Fjordic
systems can be defined as the point at which
they connect with the open sea, and are easier to
define than an open coastal zone or offshore area.
The latter marine cases may require operational
boundaries such as a current border or a sharp
change in hydrography, oceanographic conditions
or benthic morphometry.

2. Establish baseline conditions for the
aquaculture zone or AMA. This requires data
collection (either remotely or directly) to establish
the pre-existing conditions. Here, satellite remote
sensing is useful to define physio-chemical
properties such as temperature in marine systems,
and land use in freshwater systems. Direct data
collection can include samples for water quality and
benthic conditions.

3. Agree a set of standards or thresholds that
determine environmental, ecological and
social limits of change to the zone/area
through stakeholder consultations, scientific
research and local knowledge. All aquaculture
has “impact”, whether this is change to conditions
in the immediate vicinity of fishpond outlets or
further down river systems, under or surrounding
fish cages and mussel rafts, or changes to water
flows, where there may be temporary deterioration
of some environmental conditions. Standards
account for the baseline conditions and determine
acceptable changes in those conditions, leading
to definitions of maximum acceptable criteria.
What is important is to ensure resilience in the
overall area or ecosystem unit to ensure sufficient

sustainability in the long term, so that there
remain areas without aquaculture, with buffers
and where no other human interventions are
permitted. Environmental standards tend to be
related to biological and chemical parameters
such as maximum chlorophyll (eutrophication).
Ecological standards could include the presence
and abundance of indicator species such as a fish,
crab, marine grass, or maximum water abstraction.
Social limits might involve ensuring fishing rights/
areas are maintained, or minimising visibility from
urban or tourism areas.

. Estimate the maximum ecological carrying

capacity of the ecosystem unit to include the
maximum aquaculture production permitted;
estimated using the best available models (see
Annex 4) and application of the standards

and thresholds agreed. There are some classical
models for assessing lakes and contained water
bodies (e.g. modifications of Vollenweider, 1968;
Beveridge, 1984) to estimate likely changes in
phosphorus and nitrogen according to the known
inputs from aquaculture and certain thresholds
for chlorophyll concentration, as an indicator of
ecosystem response (i.e. eutrophication effects).
Establishing carrying capacity in coastal ecosystems
or open water systems is much more challenging
due to complex oceanographic and biological
conditions and the lack of clear boundaries. Some
models can estimate likely changes over large
areas, others assess impact of individual fish farms
or mussel farms that could be extrapolated to
larger areas. The application of GIS is also useful in
determining physical limits on location through the
application of basic criteria such as water depth
and buffers from existing activities. This could also
include minimum distances between aquaculture
sites and other areas (see distance ranges in Tables
9 and 10 in Chapter 5 on site selection) along
with sufficient distance from each other, adequate
water depth, and circulation. Figure 8 provides

an example of the application of GIS to estimate
possible locations of farms and broad evaluation of
overall capacity in Saudi Arabia based on physical
limits.
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5. Invest in appropriate research to address
carrying capacity estimation of complex systems or
open systems for aquaculture development.

6. Permit production to commence through a
set application and licencing system. Increase
production slowly at first, applying a conservative
approach, and increase production when it is
clear the current production is not having undue
environmental and social impacts. It is better to be
able to increase production slowly as ecosystem
indicators show that there is no or minimal harm
to the ecosystem and/or the farming system,
instead of starting big and being forced to reduce

production due to serious environmental and/or fish

health damage.

7. Establish an integrated environmental

monitoring system at the farm scale and/or
at the system scale. Integrated monitoring is
required since monitoring individual farms is not
sufficient on its own to establish multiplicative
effects of many farms in a zone/area. The
monitoring of reference areas, away from farms
but in key positions in the AMA or aquaculture
zone, can provide the reference conditions to
evaluate and compare ecosystem change. Also,
permanent monitoring of other similar habitats,
such as aquatic reserves, marine reserves and
protected areas, can be useful to compare with
areas being used by aquaculture.

FIGURE 8. Example output from GIS to identify potential sites for cage aquaculture within a zone along
the Red Sea coast of Saudi Arabia

Small white boxe

Note:

Water depth
30-80m

Marine
protected areas

Potential cage sites
(centre) with 3km
exclusion zone (donut)

Basic criteria has bee applied to delimit suitable locations (i.e. maximum distance from coast, water depth, protected species and areas, and basic
criteria for distance between sites. This does not define ecological capacity, which requires investigation of ecosystem quality and use of models to

assess actual capacity.
Source: Saunders et al. (2016).
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6.4 Disease control in AMAs

Disease outbreaks pose one of the most significant
risks to the sustainability of aquaculture. There are
many examples of how the introduction of a disease
or diseases has brought large aquaculture industries to
the verge of collapse with serious economic and socio-
economic consequences. Biosecurity can be broadly
described as a strategic and integrated approach that
encompasses both policy and regulatory frameworks
aimed at analysing and managing risks relevant to
human, animal and plant life, and health, as well as
associated environmental risks (FAO, 2007a; 2007b).
As such, it has direct relevance to the sustainability

of aquaculture, protection of public health, the
environment, and biodiversity.

In the context of aquatic animal health, the term
biosecurity is used to describe the measures used

to prevent the introduction of unwanted biological
agents, particularly infectious pathogens, and

to manage the adverse effects associated with
contagious agents. It encompasses both farmed and
wild aquatic animals; exotic, endemic and emerging
diseases; and is applied from the farm to the
ecosystem, and at the national and international levels
(Scarfe et al., 2009). Farmers should be encouraged
or possibly mandated to follow sound biosecurity
practices that provide the framework for disease
management on the farm and that are implemented
through documented standard operating procedures.
At the farm level, the owner or operator is responsible
for ensuring implementation of biosecurity. Auditing
and certification of the efficacy of a biosecurity
programme is provided by the attending veterinarian
and competent government officer.

Biosecurity planning, applied from the farm to

the national level, provides an effective means of
implementing disease control at multiple levels and
for preventing catastrophic disease events. At the
zone, compartment or AMA level, the biosecurity

plan provides an auditable process of management
procedures that can be evaluated by hazard analysis
and critical control point (HACCP) methodologies
(Zepeda, Jones and Zagmutt, 2008). Control measures

designed to mitigate the impact of aquatic animal
diseases may include containment, eradication,
disinfection and fallowing. Control measures should
be based on the ability to define epidemiological units.
Depending on the infection pathway of an aquatic
animal disease, the epidemiological unit may need

to encompass the entire AMA, or a subpopulation
within the AMA, for instance, one of a group of farm
sites within an AMA. Well-defined subpopulations of
aquatic animals can then be managed according to
realistic outcomes. The identification and prioritization
of hazards represents the first step justifying
implementation of a biosecurity scheme. This is
followed by assessment of the risk posed by these
hazards and the evaluation of critical control points
whereby the risk can be remediated. Establishment
of appropriate measures against a defined hazard or
disease, including appropriate contingency planning,
allows the risk to be mitigated. A programme of
disease surveillance is instituted for the AMA to
monitor occurrence or absence of a disease. Where a
hazard or disease is detected or has been introduced,
eradication and disinfection provides a method of
managing the impact of disease with the possibility
of reinstating a disease-free status. One of the
outcomes of a biosecurity scheme is audited third-
party certification. In order for a third party to provide
disease status assurances, transparent and credible
written records must demonstrate the effectiveness of
the biosecurity scheme in preventing, controlling and
eradicating disease within an AMA.

The devastation of the Chilean salmon farming industry
by the ISA disease in 2007 provides an example of
how AMAs have been implemented in this country to
help rehabilitate the farming of salmon and to create
an environment conducive to the sustainable growth
of the industry (Ibieta et al., 2011). Establishment of
AMAs appropriate for aquaculture has been legislated
in Chile through the so-called “neighbourhood
system”. These areas represent suitable zones for
aquaculture activities according to appropriate
epidemiological, oceanographic, operational

or geographic characteristics, and incorporate
complementary environmental, sanitary and licencing
regulations. Epidemiological, operational and logistical
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characteristics of the AMASs are aimed to address the
ISA virus infection and control. These site regulations
include movement of all aquaculture concessions to
AMAs, limiting the life span of a concession to 25 years
(renewable), and banning the movement of fish from
and between sea sites. This limits the movement of
broodstock from sea sites to freshwater facilities, as
well as the temporary use of estuarine sites. Fish inputs,
disease prophylaxis, therapeutic interventions, sanitary
issues, harvesting and fallowing are coordinated
among the farms within the AMAs (neighbourhoods).
The distance between neighbourhoods has been
established at a minimum of 3 nautical miles (about
5.6 km), and aquaculture sites must be spaced out by
at least 1.5 nautical miles (about 2.8 km) from each
other and from marine protected areas (natural parks
and reserves) (Ibieta et al., 2011).

6.5 Better management practices

Better management practices (BMPs) are a set of
guidelines that promote improved farming practices
to increase production through responsible and
sustainable aquaculture. There is a significant level of
variation in BMPs for different commodities, culture
systems and locations. In India, BMPs implemented by
farmer clusters have resulted in improved yields, fewer
disease occurrences and higher profitability, as well as
other private and public benefits.

In the Philippines, each mariculture park has an
operations manual containing production guidelines
and management measures following the principles of
good aquaculture practices, and serves as the guideline
for all activities within the parks. The guideline covers
zone and farm location, layout and design, biosecurity
sanitation and hygiene, waste storage and removal,
good farm management measures, including feeds and
feeding, farm effluent treatment, worker health and
safety, disease diagnosis, treatment and chemical use,
harvesting, post-harvest, traceability and food safety.

In Scotland, the United Kingdom of Great Britain
and Northern Ireland, area management agreements
follow the Code of Good Practice for Scottish

Finfish Aquaculture. The code, developed in 2006,

is an evolving document that is regularly reviewed

to incorporate essential changes in legislation and
emerging priorities in environmental management and
the sustainable development of the industry. It brings
the standard of practice of every participating farmer
up to a specified acceptable level, and is based on
science and experience, reflecting the industry’s desire
to remain at the forefront of good practice.

6.6 Group certification

The ability to provide third-party auditing and
certification through an effective and justifiable
biosecurity plan, when applied at the farm or
compartment level, can allow farmers to access
markets that require disease-status assurances that
may not be available on a national level. This allows
trade from a suitably certified AMA, even where a
region or country is not certified free from a disease
and cannot provide relevant disease-status guarantees.

If the environmental or social indicator threshold

was breached, there would be need for measures to
reduce the impact. For instance, these could include
improved feeding strategies to reduce FCR, longer
fallowing periods, synchronization of grow-out
calendars to minimize excessive biomass at any one
time, and other measures. If these fail to reduce the
impact to the acceptable level, a drastic step may be
needed, including reductions in the total production or
maximum standing biomass levels within the AMA.

6.7 Essential steps in the implementation,
monitoring and evaluation of a management
plan for an AMA

The implementation of the management plan should
be time bound. Two aspects are important relative to a
time frame. The first is to decide on a base year for
the management system. This will represent a year

(or period) against which progress can be measured.
The second time aspect relates to target years or
periods by which various aspects of the work plan can
be achieved, or by which any quantitative programme
output should be attained. Overall, it is likely that the
management system should be envisaged as spanning
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TABLE 12. Examples of indicators for aquaculture management areas

Social Economic

* Quality of labour
conditions

* Socio-economic benefit to
the local community

e Positive perception by
local community

* % of local people
employed

* % of local women
employed

* Average farm profitability

* Level of disease outbreak

* % of losses during
production period

» Market demand

e Product quality and
safety

* % certified

Environmental Governance

« Average food conversion ¢ Adoption of Code
rate of Conduct or good

« Level of eutrophication aquaculture practices
(e.g. TRIX index) o AMA certification

« Benthic diversity at edge ¢ Compliance of farmers to
of area (cages) management measures

» Water quality at outfall e Level of transparency
(ponds)

a 5- to 10-year time frame, but during this period the
system will need periodic reviews over shorter time scales.

The management plan must address all the relevant
issues, have very clear and achievable operational
objectives for each issue, and a clear timeline for
completion with targets and indicators (Table 12).

The management plan must have responsible
people/institutions/entities and requires adequate
funding for each management approach and also
must have resources to implement the measures
as appropriate. Since it will generally be the
central government that will be implementing the
work, financing will mainly come from general
tax revenues, though other sources of funding
include stakeholder contributions, funding from
external donors, international and multinational
organizations, grant funding, foundations and the
private sector. Since many of the activities that
stand to gain from a management system will be in
the private sector, it would not be unreasonable to
expect that a range of business associations might
be willing to help with financing. For example, an
alternative source of funding tried in China is that
all users of the sea must pay a “marine user fee”
if they intend to carry out production and other
economic activities.

It is almost certain that the eventual financial
support will be delivered from more than one
source. Clearly, funding will need careful planning
ahead of the systems implementation.

Performance indicators must be set to inform
whether set targets are being achieved, while
efficiency indicators would show if there has
been any improvement. The indicators that are
selected should cover sustainability dimensions—
social, economic, environmental, and overarching
governance—at the aquaculture area scale. For
each objective, an indicator and its associated
performance measures should be selected so that
the performance of each objective can be measured
and verified (Table 12 and Table 13). The choice
of indicators to be measured should reflect the
cumulative impacts within the management area.

A monitoring programme to keep track of
implementation must be put in place. In the context
of an AMA, monitoring keeps track of the progress
of the management plan based on indicators. Just
as important, it provides an indication of compliance
by AMA members with the agreed plan. Monitoring
involves: (i) continuous or ongoing collection and
analysis of information about implementation to
review progress; and (i) compares actual progress
with what had been planned so that adjustments
can be made in implementation.

Corrective measures can be implemented, an
important part of which are sanctions to non-
conforming members. The result of monitoring gives
a factual, objective basis for a sanction. Should
non-compliers persist, a defined conflict-resolution
mechanism has to be agreed on and firmly applied.
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That said, the use of incentives for compliance can
be a more effective measure than a sanction.

The regular monitoring of management performance
may show that the area management plan needs to
be adjusted. If current management measures do not
seem to be working or are deemed inappropriate,
alternative measures need to be introduced. In some
cases, some measures may be rendered unnecessary
if the issue has been solved. In other cases, changes
in issues or priorities could end the relevance of a
measure. The management plan should in any case
be reviewed periodically, e.g. once a year or every
two years according to needs. This underlines the
importance of monitoring and evaluation.
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GLOSSARY

Aquaculture
licence

A legal document giving
officialauthorization to carry out
aquaculture. This authorization may
take different forms: an aquaculture
permit, allowing the activity itself to
take place; or an authorization

or concession, allowing occupation
and/or for aquaculture of an area in
the public domain so long as the
applicant or holder of the
authorization complies with the
environmental and aquaculture
regulations and other conditions of
the authorization (IUCN, 2009).

An aquaculture zone is an area
dedicated to aquaculture, recognized
by physical or spatial planning
authorities, that would be considered
as a priority for local aquaculture
development (GESAMP, 2001;
Sanchez-Jerez, et al., 2016).

Aquaculture
zone

Area A plan for the management of a
management  defined area for aquaculture where
plan the farmers undertake aquaculture

Biosecurity

Carrying
capacity

Coastal zone
management

Ecosystem

Ecosystem
boundaries

Evaluation

in accordance with agreed strategies,
management practices and codes of
conduct, and manage production in
order to reduce and manage risks
posed by disease and parasites,
including cumulative environmental
impacts and social conflict.

Mitigating the risks and impacts on
the economy, the environment, social
amenity or human health associated
with pests and diseases.

Carrying capacity is the amount

of a given activity that can be
accommodated within the
environmental capacity of a defined
area. In aquaculture, it is usually
considered to be the maximum
quantity of fish that any particular
body of water can support over a
long period without negative effects
to the fish and to the environment
(FAO, 2009; Ross et al., 2013).

The management of coastal and
marine areas and resources for
the purposes of sustainable use,
development and protection
(IUCN, 2009).

A dynamic complex of plant, animal
and micro-organism communities and
their nonliving environment interacting
as a functional unit (Millennium
Ecosystem Assessment, 2005).

The boundaries of a system of
complex interactions of ecosystem-
linked populations (including humans)
between themselves and with their
environment.

Evaluation is the systematic
examination of a project in order to
determine its efficiency, effectiveness,
impact, sustainability and relevance of
its objectives.
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Fallowing

Indicator

Issue tree

Management
areas

Monitoring

Operational
objectives

This refers to leaving an aquaculture
site empty of fish stock and all
removable production structures for
a certain period of time. It can be
done for environmental or sanitary
reasons. For an aquaculture company,
fallowing implies having several

sites in order to maintain production
capacity year-round (IUCN, 2009).

Site selection

Indicator is a parameter, or a value
derived from parameters, which
points to, provides information
about, and describes the state of a
phenomenon/environment/area, with
a significance extending beyond that
directly associated with a parameter
value (OECD, 2003).

Site
management

An issue tree, also called a logic
tree, is a graphical breakdown of an
issue that dissects it into its different
components vertically.

Management areas are defined
geographical waterbody areas where
all the operators in the management
area agree (coordinate and cooperate)
to certain management practices or
codes of conduct.

Monitoring is the continuous or
periodic surveillance of the physical
implementation of a project to ensure
that inputs, activities, outputs and
external factors are proceeding as
planned.

Social carrying
capacity

Stakeholder

Operational objectives are measurable
production, environmental and
additional socioeconomic targets to
be achieved within immediate and
long-term scales.

Risk assessment Risk assessment focusing on a variety

of ecological attributes in order to Surveillance

protect the environmental, economic,

social and cultural values identified by
society.

Site selection is the process by

which various factors indicated are
considered to enable one to decide
on the right site for a specific culture
system, or alternatively, to decide

on a culture system that suits the
available site (Kutty, 1987; Ross et al.,
2013).

Refers to all the actions involved in
maintaining the activity on the site,
including the environmental, legal,
administrative and managerial aspects
of the activity (IUCN, 2009).

Spatial planning Refers to the methods used by

the public sector to influence the
distribution of people and activities
in spaces of various scales. Spatial
planning takes place at local,
regional, national and international
levels and often results in the creation
of a spatial plan. Spatial planning
also entails a system that is not only
spatial, but one that also engages
processes and secures outcomes
that are sustainable, integrated and
inclusive (FAO, 2013).

Social carrying capacity is the level
of development above which
unacceptable social impacts would
occur.

Person, group or organization that
has a direct or indirect interest in

an activity normally initiated by a
management authority or other
stakeholders or is affected or has an
interest in an objective or policies
established by such management
authority (IUCN, 2009).

Means a systematic series of
investigations of a given population
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Surveillance
zone

Targeted
surveillance
Zone

Zoning

Zoning

of aquatic animals to detect the
occurrence of disease for control
purposes, and which may involve
testing samples of a population.

Means a zone in which a systematic
series of investigations of a given
population of aquatic animals takes
place.

Means surveillance targeted at a
specific disease or infection.

Means a portion of one or more
countries comprising an entire
catchment area from the source of
a waterway to the estuary, more
than one catchment area, part of a
catchment area from the source of
a waterway to a barrier, or a part of
the coastal area, or an estuary with
a precise geographical delimitation
that consists of a homogeneous
hydrological system.

Means identifying zones for disease
control purposes.
(aquatic animal health)

Zoning implies bringing together the
criteria for locating aquaculture and

other activities in order to define broad
zones suitable for different activities or
mixes of activities. Zoning may be used

either as a source of information for

potential developers (for example, by
identifying those areas most suited to
a particular activity); or as a planning

and regulating tool, in which different

zones are identified and characterized
as meeting certain objectives
(GESAMP, 2001).
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Annex 1. Binding and Non-
Legally Binding International
Instruments That Govern
Sustainable Aquaculture

Arron Honniball and Blaise Kuemlangan

BINDING INSTRUMENTS

Ramsar Convention on Wetlands of International
Importance (Ramsar, 1971). The Ramsar Convention is
an intergovernmental treaty that provides the frame-
work for national action and international cooperation
for the conservation and wise use of wetlands and their
resources.

Convention on International Trade on Endangered
Species of Wild Fauna and Flora, CITES (Washington,
DC, 1973). CITES strives to ensure that international
trade in listed specimens of wild animals and plants
does not threaten their survival.

Convention on the Conservation of Migratory Species
of Wild Animals, CMS (Bonn, 1979). The CMS raises
the need to consider aquaculture impacts on listed
migratory species, which include various marine
mammals and waterbirds.

United Nations Convention on the Law of the Sea, UNCLOS
(Montego Bay, 1982). UNCLOS governs all aspects of ocean
space and sets out jurisdictional rights and conservation
responsibilities relating to marine living resources.

United Nations Framework Convention on Climate
Change, UNFCCC (New York, 1992). The UNFCCC has
provided a foundation for fostering national mitigation
and adaptation commitments to address climate
change and ocean acidification. Those commitments
have been further elaborated through the Kyoto
Protocol (1997) and the Paris Agreement (2015).

Convention on Biological Diversity, CBD (Rio de Janeiro,
1992). The CBD calls upon Member States to conserve
and sustainably use biodiversity, and to ensure access
and benefit sharing from genetic resources. The CBD
supports ecosystem and precautionary approaches and
promotes in situ conservation in protected areas.

Cartagena Biosafety Protocol (Cartagena, 2000). The
Protocol seeks to protect biological diversity from the
potential risks posed by living modified organisms
resulting from modern biotechnology.

NON-BINDING INSTRUMENTS
AND GUIDELINES

Kyoto Declaration on Aquaculture (1976). Adopted at
the first FAO organized aquaculture conference, the

Honniball, A. & Kuemlangan, B. 2017. Binding and Non-Legally Binding International Instruments That Govern Sustainable Aquaculture. In J. Aguilar-
Manjarrez, D. Soto & R. Brummett. Aquaculture zoning, site selection and area management under the ecosystem approach to aquaculture. Full document,
pp. 63-66. Report ACS113536. Rome, FAO, and World Bank Group, Washington, DC. 395 pp.
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Declaration placed the spotlight on the absence of
an adequate legal basis for aquaculture development
in many countries. Governments are urged to enact
aquaculture legislation facilitating the establishment
of aquaculture industries and enabling the zoning of
suitable coastal and inland areas for aquaculture.

Agenda 21 (1992). Chapter 17 of this global action
plan for achieving sustainable development urges
countries to: provide for an integrated policy and
decision-making process, including all involved sectors;
promote compatibility and balance of use; implement
integrated coastal and marine management plans;
apply preventative and precautionary approaches in
project planning and implementation; and prepare
land and water use and siting policies.

Rio Declaration on the Environment and Development
(1992). Adopted at the Rio Conference on Environment
and Development, the Declaration sets out 27 principles
as sustainable development guideposts. Key principles
to be followed at the national level include: intra- and
intergenerational equity (principle 3); public participation
(principle 10); the precautionary approach (principle 15);
and environmental impact assessment (principle 17).

FAO Code of Conduct for Responsible Fisheries (1995).
Applying to fisheries but also to aquaculture, the
Code encourages States to: develop and maintain
appropriate legal and administrative frameworks to
facilitate the development of responsible aquaculture;
produce and regularly update aquaculture develop-
ment strategies and plans; establish environmental
assessment and monitoring procedures specific to
aquaculture; and to integrate aquaculture into coastal
area management. States are urged to ensure respon-
sible siting and management of aquaculture activities,
which could affect transboundary aquatic ecosystems.

FAQO Technical Guidelines for Aquaculture Develop-
ment (1997). The Guidelines promote the siting of
aquaculture activities in locations which: are suitable
for sustainable production and income generation;
are economically and socially appropriate; prevent
or minimize conflicts with other resource users;

and respect nature preserves, protected areas and
critical or especially sensitive habitats. To ensure that
livelihoods of local communities and their access

to fishing grounds are not negatively affected by
aquaculture, government authorities are encouraged
to foster agreements between aquafarmers and fishers
to avoid resource conflicts and to subject large-scale
aquaculture developments to social and economic
assessments.

Bangkok Declaration and Strateqy for Aquaculture
Development Beyond 2000 (2000). The Declaration
emphasizes that aquaculture should be pursued as
an integral component of development, contributing
through sustainable livelihoods for the poor and
enhancing social well-being. The need for national
aquaculture policies and regulations to promote
economically viable but also environmentally respon-
sible and socially acceptable farming practices is also
highlighted. The Strategy notes the importance of
integrating aquaculture into coastal area and inland
watershed management plans and ensuring aqua-
culture developments are within local and regional
carrying capacities. The Strategy calls for clarifying
legal frameworks and policy objectives regarding
access and user rights for farmers and developing
comprehensive and enforceable laws and procedures
that encourage sustainable aquaculture.

International Principles for Responsible Shrimp Farming
(2006). The International Principles are aimed at
countering inappropriate and unplanned siting of
shrimp farms. Guidance is given for farm siting, in
particular, not building new shrimp farms above the
intertidal zone; ensuring no net loss of mangroves

or other sensitive wetland habitats; not locating new
shrimp farms in areas already at their carrying capacity
for aquaculture; retaining buffer zones between farms
and other users; and obeying land use and coastal
management plans. The International Principles

urge the preparation of integrated coastal area
management plans that designate environmentally
suitable locations for shrimp farms and other types of
aquaculture.

FAO Guidelines on the Ecosystem Approach to
Aquaculture (2010). The Guidelines stress the need

for integrated planning and management systems and
the need to pay more attention to the watershed scale
where clusters of farms may have cumulative ecosys-
tem effects. The Guidelines clarify that zoning may
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be used either in planning to identify potential areas
for aquaculture or a regulatory measure to control the
development of aquaculture.

Sustainable Development Goals (2015). Goal 14 of
the 2030 Agenda for Sustainable Development is to
conserve and sustainably use the oceans, seas and
marine resources for sustainable development. Target
14.7 addresses agquaculture and calls for increasing by
2030 the economic benefits from the sustainable use
of marine resources including through the sustainable
management of fisheries, aquaculture and tourism,
to small island developing states and least developed
countries.
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Annex 2. Biosecurity Zoning
and Compartments, Infected
/ones, Disedase-rree Zones

David Huchzermeyer and Melba G. Bondad-Reantaso

1. INTRODUCTION

The impact of infectious diseases poses an ever-
increasing challenge to aquaculture and marketability of
aquaculture products as the farming of aquatic animals
increases in intensity to meet growing global demand.
Aquaculture and all levels of aquatic resource manage-
ment play an important role in food security, and may
have far reaching effects on rural development, water
management, the environment, poverty alleviation,
livelihoods, trade, and gender and household nutrition
(FAO/RAP, 2003). This chapter details how the concept
of biosecurity is used to limit disease transmission in the
aquatic environment and how this is applied to zoning
in aguaculture.

Agquaculture farming creates large densely stocked
populations of agquatic animals that are susceptible to
numerous infectious agents. In unstressed populations
or where environmental conditions do not favour
expression of clinical symptoms, a disease may go
undetected. Where a contagious aquatic pathogen

is present within a susceptible population of aquatic
animals, the expression of disease (morbidity and
mortality) will depend on numerous factors, including
life stage of the host and environmental and husbandry
conditions. Intense aquaculture environments tend to
be conducive to expression of diseases that may remain

undetected in wild aquatic animals sharing the same
waters. Water in which aquatic animals are farmed
provides an effective medium for the transfer of these
pathogens. Where farmed and wild aquatic animals
share a common water source, pathogen transfer may
take place not only among the farmed population, but
also from farmed-to-wild, and from wild-to-farmed
individuals. Furthermore, inadvertent release of infec-
tious agents from aquaculture farms into the natural
environment poses serious ecological concerns and
has the potential to impact on natural species diversity.
Biosecurity zoning and compartmentalization provide
a holistic approach to managing the threats posed by
such diseases in the aquatic environment with the aim
of establishing and maintaining populations of aquatic
animals with distinct health status and effectively
separating these from populations with a different
health status (Zepeda, Jones and Zagmutt, 2008).

Far reaching consequences for both farmed and wild
aquatic animals may occur when exotic diseases

are introduced, often inadvertently, into the aquatic
environment. Changes in the behaviour or distribution
of an established endemic disease, or the emergence
of a previously unknown disease, may be equally
detrimental (Arthur et al., 2005). Disease outbreaks
have proved to be one of the major constraints limiting
growth and sustainability of aquaculture, and in certain

Huchzermeyer, K. D. A. & Bondad-Reantaso, M. G. 2017. Biosecurity, zoning and compartments, infected zones, disease-free zones. In J. Aguilar-Manjarrez,
D. Soto & R. Brummett. Aquaculture zoning, site selection and area management under the ecosystem approach to aquaculture. Full document, pp. 67-86.
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instances have resulted in the complete collapse of
aquaculture fisheries with serious socioeconomic
impact (Bondad-Reantaso et al., 2005; Subasinghe,
2005). There are numerous such examples that in
recent years have resulted in tens of thousands of

lost jobs, billions of dollars in direct loss, and collapse
of economies reliant on aquatic animal production,
particularly in developing countries (Brummett

et al., 2014). The introduction of the infectious salmon
anaemia (ISA) virus into Chilean salmon farms (Asche
et al.,, 2009), the emergence of bacterial disease, such
as acute hepatopancreatic necrosis disease (AHPND)
in shrimp farms in a number of Asian countries (FAO,
2013) and spread of white spot syndrome (WSS)

virus to shrimp farms in two countries bordering the
Mozambique channel (World Bank/RAF, 2013; FAQ,
2015), underscore the vulnerability of aquaculture
farming (Brummett et al., 2014; Oidtmann et al., 2011).
Such disease outbreaks have the potential of seriously
compromising investment in future aquaculture devel-
opment. Exotic disease incursions do not only affect
aquaculture; they may also pose serious risk to natural
fish stocks. The important role of ornamental fish in
transmitting disease is well illustrated by epidemics

of koi herpesvirus disease in cultured and wild carp
populations in Indonesia following introduction of
the disease in 2002 (Sunarto, Rukyani and Itami,
2005). Other poorly managed pathways of disease
transmission may involve spread from non-native
food stocks (live, fresh or frozen material) used in
aquaculture as in the case of pilchard herpesvirus that
decimated wild Australian pilchard stocks following
the introduction of the disease into these waters in the
late 1990s (Whittington, Jones and Hyatt, 2005). Wild
populations of aquatic animals may harbour diseases
and act as reservoirs for infection in cultured stocks.
This is particularly relevant to shrimp and marine finfish
(Bondad-Reantaso et al., 2005). Interactions between
wild and cultured populations are thus of particular
concern for aquaculturists and natural resource
conservation officers.

Movement of live aquatic animals, within and between
countries, associated with aguaculture, marketing of
live aquatic animals, and the ornamental fish trade is

an increasingly important route of pathogen spread
(Oidtmann et al., 2011). Advances in trade in live
aquatic animals and the efficiency of modern transpor-
tation methods have created opportunities for highly
contagious transboundary aquatic animal diseases
(TAAD:s), that have the potential to cause serious
socioeconomic impact and to spread rapidly across
national borders (Baldock, 2002; Bondad-Reantaso,
2004; Subasinghe, 2005; Rodgers, Mohan and Peeler,
2011). Once a pathogen becomes established within
the natural ecosystem, treatment and eradication

may become virtually impossible (Hine et al., 2012).

In recent years, the emergence of koi herpesvirus, a
highly contagious disease of carp (Cyprinus carpio),
epizootic ulcerative syndrome (EUS), an oomycete
infection that affects a wide range of fresh and
brackish-water finfish; and ISA, a serious viral disease
of Atlantic salmon, have had a major impact on finfish
production in various parts of the world where these
diseases previously did not occur. Among invertebrate
aquatic animals, the emergence of the viral diseases of
shrimp: white spot syndrome, yellow head disease and
Taura syndrome; and in bivalves: the parasitic disease
Bonamia ostreae and the ostreid herpesvirus have led to
enormous financial losses and socioeconomic disruptions
in affected countries (Bondad-Reantaso et al., 2005;
Oidtmann et al., 2011).

For aquaculture development to remain sustainable,
wherever possible, timeous measures need to be
applied to prevent transfer and introductions of
aquatic animal pathogens and to limit the conse-
quences of disease outbreaks (Hine et al., 2012).

The development and implementation of biosecurity
and zoning strategies is increasingly recognized by
countries and industries as essential to sustainable
growth in aquaculture (Hastein et al., 2008; Hine et al.,
2012). One of the strongest incentives for implement-
ing national biosecurity programmes is the ability to
move and trade aquatic animals and their products
free of specific pathogens (Hastein et al., 2008). This
requires international recognition of a country’s ability
to demonstrate effective biosecurity and zoning
strategies, including the ability to maintain zones and
compartments of known disease status.
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2. DEFINITIONS OF BIOSECURITY,
ZONING AND COMPARTMENTS,
INFECTED ZONES AND DISEASE-
FREE ZONES

2.1 Biosecurity

Biosecurity can be broadly described as a strategic and
integrated approach that encompasses both policy and
regulatory frameworks aimed at analysing and manag-
ing risks relevant to human, animal and plant life and
health, as well as associated environmental risks (FAQ,
2007a). Biosecurity has direct relevance to the sustain-
ability of aquaculture while ensuring protection of
public health, the environment and biological diversity.

The term biosecurity in the context of aquatic animal
health is used to specifically describe the measures
used to prevent introduction of unwanted biological
agents, particularly infectious pathogens, and to man-
age adverse effects associated with contagious agents.
It encompasses both farmed and wild aquatic animals;
exotic, endemic and emerging diseases; and is applied
from the farm to the ecosystem, and at national and
international levels (Scarfe et al., 2009). Subasinghe
and Bondad-Reantaso (2006) defined biosecurity

in aguaculture as a collective term that refers to

the concept of applying appropriate measures (e.g.,
proactive disease risk analysis) to reduce the prob-
ability of a biological organism or agent spreading to
an individual, population or ecosystem and to mitigate
the adverse impact that may result. Such analysis is
done in a way that incorporates best available informa-
tion on aspects of good husbandry, epidemiology and
good science.

Where farming of aquatic animals takes place in open
water systems connected to natural waterways, it
may be impossible to exclude all infectious diseases.
Biosecurity practices provide the procedures that limit
the impact of infectious diseases. These include the
prevention, control and eradication of diseases (Scarfe
et al., 2009). Farmers are increasingly encouraged, and
in some cases mandated, to follow sound biosecurity
practices. In order to have a predicted outcome, these
should be formulated into a structured biosecurity plan
that provides the framework for disease management
on the farm and is implemented through documented
standard operating procedures. Scarfe et al. (2009)

propose the following essential elements to ensure that
the biosecurity plan is effective, justifiable and useful:

e apply to a defined epidemiological unit or area
(compartment) or geographical zone;

e identify specific disease hazards (infectious
pathogens);

e evaluate the risk of these hazards to the unit;

e evaluate critical points where diseases can enter or
leave the unit;

e evaluate and monitor disease status of the unit;

e have contingency plans in place if disease does
break out;

e have written records for third-party auditing and
certifying, particularly where markets require live
animals or their products to be certified as free of
disease or specific pathogens; and

* be transparent and credible.

For purposes of disease control, biosecurity principles
should be applied to all levels of aquatic animal disease
management, from farm to national and regional levels.

Export markets may source aquatic commaodities from
countries where establishing and maintaining freedom
from a particular disease for the entire country may be
difficult, or from regions of the world where countries
may not have the infrastructure, expertise and
resources needed to provide disease-status guarantees
on a national level, as required by the importing
countries. In such cases, distinct advantages are linked
to applying biosecurity principles to subpopulations

of aquatic animals restricted to compartments and
zones within the country. With application of relevant
biosecurity measures to compartments, trade from an
individual farm unit becomes possible, even when a
country as a whole is unable to provide guarantees of
freedom from diseases of relevance.

2.2 Zones

The World Organisation for Animal Health (OIE)
defines a zone as a portion of a contiguous water
system with a distinct health status with respect to
certain diseases (Corsin et al., 2009; OIE, 2016). The
recognition of zones is thus based on geographical
boundaries (OIE, 2016). A zone may comprise one or
more water catchments, from the source of a river to
an estuary or lake, or only part of a water catchment
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from the source of a river to a barrier that effectively
prevents introduction of specific infectious agents
(OIE, 2016). Coastal areas and estuaries with precise
geographic delineation may also comprise a zone (OIE,
2016). The boundaries of zones must be scientifically
justifiable, and should not be based on administrative
regions or industry/production-related convenience
and needs (OIE, 2016). An integral part of a biosecurity
strategy is the ability to identify, maintain and
effectively manage subpopulations of aquatic animals
relative to the presence or absence of disease within
defined zones. For official disease control purposes,

it is important that diseases restricted to zones are
regulated and compulsorily notifiable under relevant
legislation of the concerned country (Subasinghe,
McGladdery and Hill, 2004).

2.3 Compartments

On a smaller scale, compartmentalization is based on
the concept that animals sharing the waters within

the same geographical location will share a common
exposure risk to pathogens. The factors defining

a compartment are based on management and
biosecurity practices, and criteria are established by the
relevant aquatic animal health services of a country with
the objective of facilitating trade in aquatic animals and
their products and as a tool for disease management
(OIE, 2016). Compartments are epidemiologic units
that define both the disease status of the population
and the level of risk for entry of new pathogens (Corsin
et al., 2009). For the purpose of international trade,

a compartment is defined by the OIE as one or more
aquaculture establishments under a common biosecu-
rity management system, containing an aquatic animal
population with a distinct health status with respect

to a specific disease or diseases for which required
surveillance and control measures are applied and basic
biosecurity conditions are met (Corsin et al., 2009; OIE,
2016). One or more compartments within the same
geographic delineation may make up a zone.

2.4 Infected Zones

An infected zone represents a clearly delineated area
within a country or region with shared waterways in
which a specific disease has been detected or is estab-
lished as an endemic infection within the population of
farmed or wild aquatic animals (Subasinghe, McGladdery

and Hill, 2004). Where possible, eradication or control
measures may be implemented. A zone will retain its
status as infected until eradication of the disease has
been proved through appropriate targeted surveillance.
If eradication is not possible, an infected zone may be
surrounded by a clearly demarcated buffer zone that is
subject to targeted surveillance for the disease in order
to protect surrounding areas with a disease-free status
(Subasinghe, McGladdery and Hill, 2004).

2.5 Disease-Free Zones

Zones free of specific diseases may constitute geo-
graphical or hydrological areas within which suscep-
tible aquatic animal populations have been shown,
through targeted surveillance and protection from
exposure, to be free of a specific infectious disease.
Disease-free compartments constitute farms or aqua-
culture establishments with independent, protected
water supplies that meet specific regulated biosecurity
and surveillance measures that demonstrate absence
of a specific infectious disease and guard against
introduction of the disease. For trade purposes, such
establishments must be officially registered with the
relevant national authority. Facility-based, disease-free
compartments may be located within an infected
zone or within zones of unknown disease status.

The acceptance of disease-free compartments for
international trade purposes opens opportunities for
aquaculture producers to access international markets
from countries where resources, skilled manpower,
infrastructure or hydrologic limitations preclude
collection of sufficient national surveillance data to
prove absence of disease from larger zones.

3. WORLD ORGANISATION
FOR ANIMAL HEALTH (OIE)
GUIDELINES AND OTHER
TECHNICAL GUIDELINES

To meet the aims and needs of modern society,
biosecurity systems need to be based on robust

and transparent scientific inputs to standard-setting
processes, in particular those relating to trade in
agricultural products (FAO, 2007a). One of the
fundamental principles of the General Agreement on
Tariffs and Trade (GATT), established after the end
of World War |l, ensured that all nontariff barriers
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to international trade should be prohibited. This was
retained in full with the establishment of the World
Trade Organization (WTO) in 1995 (Chillaud, 1996).
The 1995 WTO Agreement on the Application of
Sanitary and Phytosanitary Measures (SPS Agreement)
aims to minimize the effects of health restrictions

on international trade. To achieve this, the animal
health measures established by countries to ensure
the protection of human and animal life and health
are based on international standards, guidelines and
recommendations, primarily those developed by

the OIE, and the OIE code plays a central role in this
process (Chillaud, 1996). The SPS Agreement requires
states to not introduce or maintain health measures
that result in a higher measure of protection than that
advocated by these international standards, unless
scientific justification for the need for such measures
can be demonstrated (Chillaud, 1996). The SPS
Agreement also emphasizes the need for transpar-
ency in import health measures that states enforce
(Chillaud, 1996). Similarly, the Codex Alimentarius,
established by the Food and Agriculture Organization
of the United Nations (FAO) and the World Health
Organization (WHO) of the United Nations in 1963,
provides international food standards, guidelines and
codes of practice, including those relating to veterinary
drug residues that contribute to the safety, quality and
fairness of international food trade. Through the SPS
Agreement, the Codex also has far reaching implica-
tions for resolving trade disputes.

The OIE is recognized by its member countries as the
international organization responsible for develop-
ment and promotion of international animal health
standards, guidelines and recommendations affecting
safe international trade in live animals and their
products. These are documented in the OIE Aquatic
Animal Health Code (OIE, 2016) and the OIE Manual
of Diagnostic Tests for Aquatic Animals (OIE, 2015).
Zoning and compartmentalization, with risk assess-
ment and epidemiological disease surveillance and
monitoring, form an essential component of bios-
ecurity and import risk analysis (OIE, 2016). To keep
abreast with changing challenges, the input of experts
and working groups and the contributions of member
countries result in an annual review and update of the
Code and the Manual, and authorities should refer to
the most recent issue. Central to these documents is

a list of diseases that are notifiable to the OIE. Where
new outbreaks of these diseases occur, the member
states are obliged to report on these outbreaks to the
OIE. For a disease to be listed, several standard criteria
are applied (OIE, 2016):

e the disease has been shown to cause significant pro-
duction losses at a national or multinational level;

e the disease has been shown to or scientific evidence
indicates that it is likely to cause significant morbid-
ity or mortality in wild aquatic animal populations;

e the agent is of public health concern;

e an infectious aetiology of the disease is proven;

e an infectious agent is strongly associated with the
disease, but the aetiology is not yet known;

e |ikelihood of international spread exists, including via
live aquatic animals, their products or fomites;

e several countries or countries with zones may be
declared free of the disease based on the general
surveillance principles outlined in the Code; and

e a repeatable and robust means of detection/
diagnosis exists.

Many countries in the world are members of the

OIE, and as such have a commitment to apply the

OIE standards through relevant national policy and
legislation (Oidtmann et al., 2011). Supernational and
political unions, such as the European Union (EU),

may apply common policies and legal frameworks

to ensure that member countries apply equivalent
standards in order to facilitate trade between member
states. In the EU, the Council Directive 2006/88/EC (on
animal health requirements for aquaculture animals
and products thereof, and on the prevention and
control of certain diseases in aquatic animals) provides
the instrument for the biosecurity framework applied
in the EU with an emphasis on promoting prevention
of aguatic animal diseases (Oidtmann et al., 2011). The
directive is particularly relevant to countries outside

of the EU, so-called third countries, wishing to export
aquatic animals or their products to the EU. While
standardizing aquatic animal health controls across the
European Community (EC) to facilitate trade within the
EU, it makes provision for protecting areas of higher
health status. Such additional animal health control
measures applying to certain diseases and areas may
include a requirement for specific disease guarantees
that will reflect on relevant model animal health

Biosecurity Zoning and Compartments, Infected Zones, Disease-Free Zones | 71



certificates required for imports into the country from
third countries. For example, England and Wales

have import requirements for a number of diseases

in addition to diseases considered exotic to the EC
(Oidtmann et al., 2011).

The bulk of world aquaculture production takes place
in Asia. The Asia Regional Technical Guidelines on
Health Management for the Responsible Movement of
Live Aquatic Animals, and their associated implemen-
tation plan, the Beijing Consensus and Implementation
Strategy (FAO, 2000) have been adopted by Asian
countries in a regional effort to reduce and manage
the risk due to the transboundary movement of live
aquatic animals (Mohan, Chinabut and Kanchanakhan,
2008). These guidelines provide a comprehensive
framework for dealing with aquatic animal diseases
emergencies.

A number of other international guidelines provide
technical information on fisheries, aquaculture and
biodiversity with information relevant to biosecurity.
The FAO Code of Conduct for Responsible Fisheries,
adopted by member states on 31 October 1995,
applies to both fisheries and aquaculture, and includes
principles and international standards of behaviour

for responsible practices with a view to ensuring the
effective conservation, management and development
of living aquatic resources, with due respect for

the ecosystem and biodiversity (FAO, 2011). Further
technical information on health management for

the responsible movement of live aquatic animals is
provided in the FAO Technical Guidelines for Respon-
sible Fisheries (FAO, 2007b).

Zoning is an important element of a National Aquatic
Animal Health Strategy (NAAHS), a broad yet com-
prehensive strategy to build and enhance capacity for
the management of national aquatic biosecurity and
aquatic animal health. It contains the national action
plans at the short-, medium- and long-term using
phased implementation based on national needs and
priorities; outlines the programmes and projects that
will assist in developing a national approach to overall
management of aquatic animal health; and includes
an Implementation Plan that identifies the activities
that must be accomplished by government, academia

and the private sector. It cannot be implemented in
isolation and is interlinked with other elements of a
NAAHS (FAO, 2007b).

A number of other codes and conventions contribute
to standardization of international protocols and
responsibilities (Hastein et al., 2008). These include:

e International Council for the Exploration of the Sea
(ICES) Code of Practice on the Introductions and
Transfers of Marine Organisms;

e International Maritime Organization Guidelines
for the Control and Management of Ships’ Ballast
Water to Minimize the Transfer of Harmful Aquatic
Organisms and Pathogens;

e International Union for the Conservation of Nature
Guide to Designing Legal and Institutional Frame-
works on Alien Invasive Species;

e European Inland Fisheries Advisory Commission
(EIFAC) Codes of Practice and Manual of Procedures
for Consideration of Introductions and Transfers of
Marine and Freshwater Organisms; and the

e WTO Convention on Biological Diversity.

4. PURPOSE OF ZONING

Zones make distinctions between populations of
aquatic animals depending on respective disease preva-
lence. Zones are therefore used to manage and control
the spread of contagious aquatic animal diseases. By
establishing zones of known disease status, control
measures can be implemented, disease prevalence can
be established, and intensity of surveillance can be
determined. Zones should not be proposed as admin-
istrative regions based on production-related needs or
convenience (Corsin et al., 2009).

Zoning is an important procedure for disease control
and eradication, and for maintaining international
trade opportunities, and control measures should

be under the direct control of a competent author-
ity (Zepeda, Jones and Zagmutt, 2008). Where a
particular aquatic animal disease posing international
risk is present in only part of a country, the establish-
ment and preservation of disease-free zones may
allow declarations of freedom from disease, thereby
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ensuring safe trade from such zones. To provide such
declarations, the specified subpopulations of aquatic
animals within a zone must become the target of
surveillance (Corsin et al., 2009). The identification and
traceability of subpopulations within a zone must be
clearly defined, and the procedures used to establish
and maintain a distinct health status of a zone must
be appropriate to the disease, taking into account the
epidemiology of the relevant disease, environmental
factors, risk of introduction, and establishment of
disease and applicable biosecurity measures (OIE,
2016). Disease-specific recommendations for OIE-listed
diseases are provided in the OIE Manual of Diagnostic
Tests for Aquatic Animals (OIE, 2015). Relevant guaran-
tees applicable to a disease-free declaration, as often
required by importing countries, depend on the ability
of the exporting country to demonstrate that one or
more zones within a country or region do not harbour
infected animals and can be kept safe from transfer of
the disease from potentially infected zones.

5. PURPOSE OF
COMPARTMENTALIZATION

Compartmentalization represents the functional
separation of subpopulations of aquatic animals based
on disease status through the implementation and
documentation of management and biosecurity mea-
sures (Zepeda, Jones and Zagmutt, 2008; OIE, 2016).
In contrast to a zone, the biosecurity management of
a compartment is the responsibility of those in control
of compartments (Zepeda, Jones and Zagmutt, 2008).
Active surveillance for presence of a specific infectious
disease can lead to declaration of freedom of disease
where no evidence of infection can be found in a
zone or compartment. Such declarations are difficult
when dealing with large transboundary watersheds. In
such cases, declarations need to be limited to distinct
compartments, the smallest compartment being an
individual farm and its water source.

The management of a compartment should encom-
pass disease-specific epidemiological factors, a defined
aquatic animal species within the compartment,
production systems, biosecurity practices, infra-
structural components and surveillance (OIE, 2016).

Compartments should be clearly documented by the
respective competent authority of a country.

Declaration of freedom of a particular disease from a
compartment has many advantages relating to trade
where the market or the importing country requires
disease-status guarantees. Where a country is unable
to supply such guarantees on a national or zone level,
either through a lack of supportive data or because

a zone is infected with a disease, biosecurity and
management practices within a compartment may be
used to prove negligible disease risk from a subpopula-
tion. To meet the requirements of importing countries,
compartments need to be under the responsibility of
the competent authority of the country (OIE, 2016).
Provided an aquaculture operation meets the required
biosecurity standards, compartmentalization offers

an internationally acceptable means of providing
guarantees.

6. ELEMENTS OF ZONING AND
COMPARTMENTALIZATION

6.1 Management of a Compartment or Zone
6.1.1 Physical and Spatial Factors

Where a serious disease has been identified in a
country and eradication is not feasible, establishment
and maintenance of free zones can limit the impact

of a disease on the ability to market products both
locally and internationally (FAO, 2007b). Such zones or
compartments may be established based on ecologi-
cal, hydrological and climatological barriers (FAO,
2007b), bearing in mind that numerous pathogens
can survive protracted periods in water and have the
ability to be transmitted downstream via water and
sediments. Fomites, such as fishing equipment, fish
transport tanks, people, clothes, boats and vehicles,
may aid in the transfer of aquatic animal pathogens
and may circumvent natural barriers between infected
and noninfected zones. Within watersheds, fish
migrations may be accountable for spread of certain
pathogens. One example of a pathogen that has
spread unexpectedly is EUS, a disease that spreads by
the release of infective spores into the water. After the
first outbreak of EUS, in the Zambezi River upstream
of Victoria Falls in southern Africa in 2006, the disease

Biosecurity Zoning and Compartments, Infected Zones, Disease-Free Zones | 73



was found to spread rapidly upstream with its greatest
impact in the floodplains of the upper Zambezi, yet
few cases were reported downstream of the Falls
(Huchzermeyer and Van der Waal, 2012).

Where wild-to-farmed and farmed-to-wild fish
interactions favour pathogen transfer, biosecurity
measures, including containment and stamping out
procedures, may be most successful in farms supplied
by a protected water supply (Jeremic, Dobrilla and
Radosavljevi¢, 2004). The degree of confidence with
which biosecurity and surveillance are applied may be
influenced by a number of factors that must be taken
into account, as indicated in the OIE Aquatic Animal
Health Code (OIE, 2016):

e the disease status of adjacent areas and areas epide-
miologically linked to the compartment;

e the location, disease status and biosecurity of the
nearest epidemiological units or other epidemiologi-
cally relevant premises;

e the distance and physical separation from other
aquatic animal populations with different health sta-
tus in close proximity of the compartment, including
wildlife and their migratory routes;

e slaughterhouses or processing plants; and

e fish exhibitions, put and take fisheries, fish mar-
kets and restaurants selling live aquatic animals,
and any other points where aquatic animals are
concentrated.

Functional, structural or natural barriers must ensure
that adjacent animal populations with a different
health status are adequately separated from a
compartment (OIE, 2016). Protected water sources are
generally those that contain none of the susceptible
species of a particular disease or diseases and are
usually a prerequisite for the issue of specific pathogen
free (SPF) certification. Spring water and borehole
water are considered the safest form of water supply.
Compartments utilizing recirculated water systems
based on a secure water source preclude the risk of
introduction of pathogens via the water supply. Unless
such a system is managed as a closed system, patho-
gens may still enter the system with introductions of
aquatic animal stock.

6.1.2 Infrastructural Factors

Where establishing and maintaining a disease-free
status throughout an entire country or zone is impos-
sible or difficult, particularly where a specific disease
exists in wild aquatic animal species or can cross
international borders, recognition of disease status
based on biosecurity management of a compart-
ment is possible (OIE, 2016). With the objective to
facilitate trade and minimize the impact of disease on
aquaculture farms, compartments within countries

or zones need to strive for third-party disease-status
recognition. All epidemiological factors that affect

the disease transmission are taken into account to
create disease-specific separation of subpopulations
(OIE, 2016). For the purpose of facilitating trade,
compartments must be under the control of a relevant
competent authority. A compartment should be clearly
defined, taking into account physical and special
factors that affect the biosecurity of the compartment
(OIE, 2016). These include location of its components
and related functional units such as broodstock ponds,
hatchery, nursery, grow-out facilities, slaughterhouse
and processing plants. The effectiveness of the
compartment depends on a number of infrastructural
aspects, including the following (OIE, 2016):

e water supply, in particular, the degree to which a
water supply is regarded safe or protected from
disease risks;

e efficacy of physical separation;

e people entry facilities (disinfectant foot baths, pro-
tective clothing, etc.) and access control;

e vehicle and vessel access, and washing and disinfec-
tion procedures;

e unloading and loading facilities;

e isolation facilities for introduced aquatic animals;

e facilities for the introduction of material and
equipment;

e infrastructure for feed and veterinary product
storage;

e aquatic animal waste disposal facilities;

® measures to prevent exposure to fomites, mechani-

cal and biological vectors; and

feed supply and source.
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6.2 Biosecurity Plan

The wide diversity of farmed aquatic animal species,
the variation in culture methods, environments,
intensity of farming and interactions with wild aquatic
animals and natural ecosystems make control of
aquatic animal diseases challenging. The concept of
biosecurity planning, applied from farm to national
level, provides an effective means of implementing
disease control at multiple levels (Pali¢, Scarfe and
Walster, 2015). At the compartment level, the biosecu-
rity plan provides an auditable process of management
procedures that can be evaluated by hazard analysis
and critical control point (HACCP) methodologies
(Zepeda, Jones and Zagmutt, 2008). Implementation
of effective biosecurity programmes requires an
integrated approach encompassing epidemiology,
pathobiology, clinical and laboratory diagnosis,
diagnostic assay interpretation, biosecurity, disease
transmission routes, risk analysis, critical control point
assessment, auditing, certification and associated
ethics and liability, producer goals, and government
and trade regulations (Pali¢, Scarfe and Walster, 2015).
Sound epidemiological principles and a logical and
sound science-based approach used in formulating a
biosecurity plan include the following elements:

¢ Hazard identification and prioritization that
involves all diseases that pose a threat to the country
or to marketability of export products, and varies
depending on the level of application (farm, national,
international) (Oidtmann et al., 2011). Routes of
introduction and pathways of spread (transport of
live animals or animal products, spread via water
or fomites) are identified (Oidtmann et al., 2011).
Where water connectivity occurs between farmed
and wild animals, priority should focus on preven-
tion. In simple terms, the question of “What can go
wrong?” needs to be addressed (Arthur et al., 2005).

¢ Risk assessment evaluates the chances of a patho-
gen carried by an aquatic animal commodity enter-
ing a zone or compartment and the chances that
wild or farmed animals within the zone or
compartment will be exposed to infection. It poses
the question, “How likely is it to go wrong?”
(Arthur et al., 2005).

e Critical control point evaluation and reme-
diation defines the pathways by which critical

infectious pathogens may enter a compartment and
the measures that can be implemented to control
and monitor them, including clinical evaluation and
diagnostic testing (Scarfe et al., 2009).
Risk mitigation defines correctable critical con-
trol points, including contingency plans that make
provision for actions such as isolation, treatment and
fallowing. “What can be done to prevent diseases
getting in or escaping?” (Scarfe et al., 2009).
Disease surveillance represents the systematic
series of investigations of a given population of
aquatic animals for the clinical detection of disease
occurrence or for detecting the presence or absence
of a pathogen within a specified compartment,
zone or country and includes monitoring of existing
health problems (OIE, 2016). Single surveys seldom
provide sufficient evidence to prove absence of a
disease. Surveillance therefore encompasses ongo-
ing collection, collation and analysis of information
related to animal health. A function of surveillance
includes the timely dissemination of information to
those that need to know (Corsin et al., 2009). Sur-
veillance activities are usually performed to achieve
one or more objectives (OIE, 2016; Corsin et al.,
2009; Cameron, 2002):
e demonstrate absence of disease to facilitate inter-
national trade;
¢ provide an early warning system of incursion or
emergence of disease;
¢ identify events that require official notification and
action; and
e determine occurrence and distribution of endemic
disease, and changes in incidence and prevalence,
to provide information needed for domestic
control programmes and for risk assessment by
trading partners.
Surveillance can range from basic passive surveil-
lance systems, relying on the reporting of unusual
disease events, to comprehensive targeted
programmes to demonstrate absence of a defined
disease or infection (Cameron, 2002; OIE, 2016).
Passive surveillance systems depend on the ability
to recognize and the willingness to report unusual
events and require the ability to investigate and
identify pathogens when such events are reported.
Mortality rates, growth rates, and other health and
production benchmarks should be used to alert

Biosecurity Zoning and Compartments, Infected Zones, Disease-Free Zones | 75



authorities of a disease outbreak. In countries with
limited resources, a range of other information can
be sourced for basic surveillance, including anecdotal
information, farm records, private and government
laboratory reports, certification records, research
investigations and fishery stock assessments (Corsin
et al., 2009). Active or targeted surveillance follows
a structured surveillance design, targeting specified
diseases or pathogens often with the purpose

of demonstrating the disease status of a defined
population (Corsin et al., 2009).

* Control measures designed to mitigate the impact
of aguatic animal diseases may include containment,
eradication, disinfection and fallowing procedures.
Control measures should be based on the ability to
define epidemiological units. Well-defined sub-
populations of aquatic animals can then be man-
aged according to realistic outcomes. Contingency
planning makes provisions for the control measures
that need to be applied in case of disease outbreaks
and are best documented from the animal health
management and biosecurity plan at the farm level
to national and regional biosecurity strategies. This
reguires an active commitment from all stakehold-
ers, including farmers, industry leaders, the compe-
tent authority and policy makers, with due consid-
eration to differing attitudes and beliefs among role
players (Delabbio et al., 2005).

e Eradication of the disease may be possible by
destroying the stock within an affected epidemio-
logical unit or units, followed by fallowing, in cases
where a disease incursion within a compartment
or zone has occurred. Eradication and disinfection
provide a method of managing the impact of an
introduced disease with the possibility of reinstating
a disease-free status where effective barriers exist
between the farmed and natural environment, and
the water supply can be secured. Where a water
body in which aquatic animals are farmed is con-
tinuous with or connected to the natural aquatic
ecosystem, surveillance and early warning critical
control points can be used to reduce the economic
impact of a disease outbreak by timeous destruc-
tion of stock and a period of fallowing followed
by reintroduction of SPF stock. This concept has
been applied with particular success in the aqua-
culture of shrimp in a number of countries, and has

contributed significantly to a resurgence of sustain-
able growth in this industry (Lightner, 2011).

An important motivation for aquaculture industries to
actively participate in national biosecurity programmes
is the ability of a country to compensate for officially
ordered destruction of diseased populations and the
implementation of enforced fallowing periods (Hastein
et al., 2008). In this way, Denmark was successful in
eradicating viral haemorrhagic septicaemia (VHS), a
highly contagious salmonid disease, from more than
400 endemically affected farms after 45 years of surveil-
lance and stamping out (OIE, 2015). Similar successful
eradication of acute incursions of VHS disease has been
reported from Norway and the United Kingdom of
Great Britain and Northern Ireland (OIE, 2015).

Nations have developed biosecurity strategies to
differing levels. Countries such as Australia, Canada,
the United States of America and some European
countries have developed operational national bio-
security plans in response to several serious diseases
(Mohan, Chinabut and Kanchanakhan, 2008). The
Aquatic Veterinary Emergency Plan (AQUAVETPLAN)
of Australia represents one such effective emergency
preparedness and response plan. Many other countries
are in the process of developing similar regional and
national biosecurity strategies (Bondad-Reantaso, Lem
and Subasinghe, 2009).

6.3 Surveillance

Management of aquatic animal diseases on a farm,
national, regional and international level requires
relevant knowledge about the occurrence of disease.
Surveillance activities provide the information on the
occurrence of important aquatic animal diseases within
compartments, zones and countries. It is important to
prioritize the diseases to be included in a surveillance
system. This may depend on the need to provide
disease-status assurances for trade purposes, the
financial and socioeconomic impact of the threat that
a disease poses, the importance of an industry-wide
disease-control programme within a country or region,
and the resources of a country (OIE, 2016).

Surveillance is the systematic ongoing collection,
collation and analysis of information related to animal
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health and the timely dissemination of information to
those who need to know so that action can be taken
(Cameron, 2002; Corsin et al., 2009). For purposes of
disease surveillance, farmed and wild populations and
subpopulations of aquatic animals are managed as
epidemiological units. An epidemiological unit repre-
sents a defined population or subpopulation of aquatic
animals that share the same chance of exposure to a
pathogen within a defined location in which infectious
diseases can be transmitted, but that is separated from
other populations by some means (Corsin et al., 2009;
OIE, 2016). An epidemiological unit may represent a
population of wild aquatic animals inhabiting a distinct
geographic location or be as small as a single pond

or cage on an aquaculture farm. Where management
practices cannot preclude a common exposure route

in a shared environment, the epidemiological unit
becomes larger and will apply to all the ponds or cages
on a farm or even to an entire waterway or catchment.

Surveillance programmes can be implemented

once epidemiological units have been defined. As a
minimum, this is based on comprehensive general
surveillance activities aimed at establishing the extent
of endemic disease situations and as an early warning
system for outbreaks of new or exotic diseases (Sub-
asinghe, McGladdery and Hill, 2004). More detailed
information about the status of a defined disease is
gathered through targeted surveillance aimed at a
specific disease or infection (OIE, 2016).

Countries have a number of responsibilities to ensure
effective disease surveillance (Subasinghe, McGladdery
and Hill, 2004). These include:

e support national surveillance schemes by ensuring
that relevant diagnostic capacity is available, and
that field and laboratory personnel are sufficiently
trained in disease recognition, reporting and accu-
rate rapid pathogen identification;

e develop standardized field and laboratory surveil-
lance methodologies, and training and reference
manuals;

e ensure that surveillance data are entered into a
national database from which the data can be rap-
idly accessed; and

e ensure that adequate finances are available to sup-
port active surveillance schemes.

Surveillance is usually performed to achieve one

or more clear objectives, including the ability to
demonstrate absence of infection needed to facilitate
domestic and international movement of aquatic
animals and their products, provide an early warning
of the incursion of a new or exotic disease, describe
occurrence and distribution of diseases relevant to
official disease control measures, and assess progress
in control or eradication of selected diseases (Corsin
et al.,, 2009; Subasinghe, McGladdery and Hill, 2004).
Surveillance provides information on disease control
programmes that is valuable to trading partners

for import risk assessment and for the justification

of import health certification requirements and to
substantiate absence of disease claims required for
export certification (Subasinghe, McGladdery and Hill,
2004; FAQO, 2007b).

Implementing biosecurity practices and the systematic
approach to gathering information on occurrence and
distribution of diseases provides aquaculture farmers
with the most effective means of disease prevention
(Subasinghe, 2005). Aquatic animal health services
require meaningful reports on disease status of zones
and compartments that depend on well-designed
surveillance programmes to support risk analysis and
to support the rapid implementation of contingency
programmes for eradication or containment of serious
introduced diseases (Subasinghe, McGladdery and Hill,
2004; FAO, 2007Db).

Where infrastructural development or diagnostic
capacity is insufficient for national-level surveillance
programmes supporting the creation of zones, surveil-
lance of the health status of a compartment may
provide sufficient information for export purposes.
Once surveillance data on the prevalence of diseases
within a zone or compartment become available, steps
can be taken to either:

e limit the impact of an infectious disease if present;

e eradicate the disease if present; or

e ensure that an infectious disease is not introduced if
found to be absent.
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Aquatic Animal Disease Surveillance and the Trade in
Live Aquatic Animals and Their Products

Domestic and international trade in live aquatic
animals and products may be dependent on the ability
of a producer to provide guarantees of freedom from
diseases. For transboundary movement of live aquatic
animals and their products, it is the importing country
that states the guarantees required, usually as a condi-
tion of an import permit. Importing countries require
such guarantees in order to appropriately protect the
health status of aquatic animal populations within the
importing country. For farmers to access transbound-
ary markets, they need to be in a position to meet

the importing country’s demands. For this purpose,
surveillance of zones and compartments, at the very
least at the farm level, is a prerequisite. Such demands
may appear restrictive to farmers, but by adopting

and adhering to the management practices required
to meet strict biosecurity demands, the reduction in
risk of disease outbreaks and associated cost bears
substantial advantages to animal production systems.

6.4 Diagnostics

Diagnostics play two essential roles in aquatic animal
health management and disease control, i.e. (1) to
screen healthy animals to ensure that they are not
carrying infection at subclinical levels by specific patho-
gens; and (2) to determine the cause of unfavourable
health or other abnormality (such as spawning failure,
slow growth, behaviour, etc.) in order to recommend
mitigating measures applicable to that particular
condition. The former, commonly done on stocks or
populations of aquatic animals destined for live transfer
from one area or country to another, reduces the risks
on two fronts: (1) risk of animals carrying opportunistic
pathogens which may proliferate during shipping,
handling or change in environment; and (2) risk of
resistant or tolerant animals transferring a significant
pathogen to a population which might be susceptible
to infection. The latter is the most immediate and
clearly recognized role of diagnostics in aquatic animal
health biosecurity (Bondad-Reantaso et al., 2001).

Diagnosis of aquatic animal diseases is a specialized
field and laboratories that traditionally have dealt with
terrestrial animal diseases may need to develop special-
ized expertise and materials to deal with aquatic animal

diseases. Many of the components of the terrestrial
animal disease diagnostic laboratory can, however,

be applied to aquatic animal diseases. The pathology,
histopathology, bacteriology and virology components
of the terrestrial diagnostic laboratory are relevant to
many, but not all aquatic animal diseases. Few aquatic
animal diseases show pathognomonic macroscopic
signs of infection by which a definitive diagnosis can be
made. Morphological pathology, including direct light
microscopy, histopathology and electron microscopy,
is therefore an important and essential component of
the diagnostic investigation of aquatic animal diseases.
Standard laboratory culture methods are applied to
viral, bacterial and mycotic pathogens, particularly
those of finfish. Increasingly, molecular techniques

are applied for detailed identification of pathogenic
organisms and provide the possibility of a more rapid
diagnosis. Virus isolation is still the gold standard

for the diagnosis of many aquatic viral infections of
finfish. These methods are often disease specific, and
laboratories need to develop the tests appropriate

to the aquatic animal health needs of their country.
The laboratory isolation of finfish viruses is done on
pathogen-specific tissue cell lines. An appropriate
variety of tissue cell lines need to be sourced by labo-
ratories intending to offer virus isolation tests. Relevant
viruses for positive controls need to be sourced and
maintained as well as the respective antisera.

The type of sample material depends on the species,
life stage and size of the target animal, and the epi-
demiological situation. It is influenced by the objective
of the diagnostic testing, whether for the detection
of overt disease or for targeted sampling (OIE, 2015).
A large amount of information can be gleaned from
histological examination, and this technique is often
recommended as an initial screening method and
where abnormal disease or mortality occurs (OIE,
2015). Electron microscopy and molecular techniques
may be needed to confirm pathogen identity.

Details of relevant diagnostic methods for the OIE-listed
diseases of aquatic animals are regularly updated in the
OIE Manual of Diagnostic Tests for Aquatic Animals
(OIE, 2015), and laboratories should consult the recom-
mended diagnostic techniques for specific pathogen
confirmation and disease surveillance. The manual

also provides important information on the quality
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management in veterinary laboratories and the prin-
ciples and methods of validation of diagnostic assays for
infectious diseases (OIE, 2015). Diagnostic techniques
employed for the examination of material from the
three major groups of OIE-defined aquatic animals,
finfish, crustaceans and bivalves, differ somewnhat.
Crustacean viruses are not routinely isolated, limiting
the use of virus-culture-based assays in the diagnosis

of viral diseases of crustaceans. Antibody-based tests
are precluded from both crustacean and molluscan
diagnostic techniques due to the inability of crustaceans
and molluscs to produce antibodies (OIE, 2015).

Diagnostic techniques appropriate to OIE-listed finfish
diseases include (OIE, 2015):

e virus isolation on tissue cell cultures;

e serology;

e direct microscopy;

e histological techniques;

e electron microscopy; and

e molecular techniques for confirmatory testing
and diagnosis.

Diagnostic techniques appropriate to OIE-listed
crustacean diseases include (OIE, 2015):

e gross and clinical signs;

e direct bright-field, phase-contrast or dark-field
microscopy with whole stained or unstained tissue
wet mounts, tissue squashes and impression smears;
and wet mounts of faecal strands;

e histology of fixed specimens;

e bioassays of suspect or subclinical carriers using a
highly susceptible host (life stage or species) as the
indicator for the presence of the pathogen;

e transmission or scanning electron microscopy;

e antibody-based tests for pathogen detection using
immune sera polyclonal antibodies or monoclonal
antibodies; and

e molecular methods (including sequencing where
appropriate for strain determination).

Diagnostic technigues appropriate to OIE-listed bivalve
diseases include (OIE, 2015):

® macroscopic examination;

e histological techniques;

transmission electron microscopy; and
molecular methods.

6.5 Emergency Response

Emergencies can arise rapidly with the incursion of an
exotic disease, a change in prevalence or behaviour

of an endemic disease, or the emergence of a previ-
ously unknown disease (Arthur et al., 2005). The

well documented devastating impacts of diseases,
such as koi herpesvirus and EUS in fish, the shrimp
diseases (white spot syndrome and Taura syndrome)
and abalone viral mortality, highlight the need for
emergency preparedness (Mohan, Chinabut and
Kanchanakhan, 2008). Emergency response is a critical
element of risk management taking into account farm-
level actions, transboundary movement of pathogens,
misuse of chemicals, food safety, and compliance

with regional and international obligations (Mohan,
Chinabut and Kanchanakhan, 2008). To deal with an
emergency, relevant policy, procedures and regulations
must be in place, and adequate human, infrastructural
and financial resources must be available. The roles
and responsibilities of relevant stakeholders must be
specified, and operational procedures should be clearly
defined, taking into account relevant risk analysis
principles (FAO, 2007a). Where there is limited capacity
to deal with an aquatic animal emergency within a
country, links need to be established to international
consultants and organizations that have the relevant
expertise. For example, after the first outbreak of EUS
in Southern Africa in 2006, both private consultants
(Andrew et al., 2008) and an FAO emergency response
team (FAQ, 2009) were tasked by the affected
countries to help investigate and advise on the
outbreak. A similar emergency task team of relevant
specialist consultants, organized by the World Bank,
assisted during the devastating outbreak of white spot
syndrome in Mozambique during 2011 (World Bank/
RAF, 2013). In 2002, an Emergency Disease Control
Task Force organized by the Network of Aquaculture
Centres in Asia and the Pacific (NACA) investigated a
suspected koi herpesvirus disease outbreak in Indone-
sia (Bondad-Reantaso, Sunarto and Subasinghe, 2007).
More recently, a Rapid Deployment Team through

the FAQ's Crisis Management Centre-Animal Health
(CMC-AH), in 2011, made a quick assessment of an
unknown disease (later identified as AHPND) affecting
cultured shrimp of the Mekong Delta provinces of
Vietnam (FAO, 2013).

Biosecurity Zoning and Compartments, Infected Zones, Disease-Free Zones | 79



A rapid and timely response can reduce the potential
catastrophic impacts of disease incursions and can
Create strong awareness on the importance of early
detection and rapid response to aquatic animal
epizootics both at national and regional levels (Sub-
asinghe and Bondad-Reantaso, 2008).

National emergency reporting systems should be

in place for suspected and confirmed outbreaks

of disease and should constitute an important
component of a biosecurity plan. The flow of critical
information to national authorities tasked with aquatic
animal disease control is essential to the successful
implementation of early warning systems, contingency
planning, and the ability to mount an effective early
response, all of which are vital to the outcome of an
emergency disease situation.

6.6 Reporting

Close collaboration between neighbouring countries is
essential in managing aquatic animal disease risks. The
rapid and transparent sharing of information on new
disease occurrences, the spread of existing epidemic
diseases to areas with shared waterbodies, and
information relating to control measures can provide
valuable early warning to allow countries to implement
an appropriate response (Subasinghe, McGladdery and
Hill, 2004). Reporting of disease status and outbreak
events should be transparent and include risk com-
munication strategies that facilitate an open and active
interchange of information among all stakeholders,
with the aim of promoting public trust and confidence
in regulatory decisions and control measures (FAQO,
2007a). Such information should be shared among
respective competent authorities, responsible govern-
ment agencies, local, district, provincial or regional
management offices, laboratories and scientific
research institutions, and industry associations (Sub-
asinghe, McGladdery and Hill, 2004). Membership of
international and regional intergovernmental orga-
nizations with a mandate for aquatic animal health
management obliges countries to report surveillance
data on occurrence and prevalence of regulated and
emerging aquatic animal diseases timeously, accurately
and conscientiously, as appropriate (Subasinhge,
McGladdery and Hill, 2004).

To ensure transparency of aguatic animal disease
situations on a global basis, OIE member countries
undertake to report on aquatic disease outbreaks
and to notify the presence or absence of OIE-listed
diseases. Submission of data to the OIE is performed
through the World Animal Health Information System
(WAHIS), and submitted official information is made
immediately available to member countries through
the World Animal Health Information Database
(WAHID) Interface (www.oie.int/wahid). On a regional
basis, there are a number of other international
reporting systems. Asia-Pacific countries report to
the Network of Aquaculture Centres in Asia-Pacific
(NACA)/FAO and the OIE Quarterly Aquatic Animal
Disease Reporting System. North Atlantic countries
report to ICES. European countries report to EIFAC
(Subasinghe, McGladdery and Hill, 2004). Documented
field observations, research data, scientific publica-
tions and other sources of information are used to
complement surveillance data. Reports to the OIE are
usually prepared by the national competent authority
of each country and are submitted to the OIE by the
national delegate (usually the chief veterinary officer)
of the OIE member country. The OIE Aquatic Code
obliges member countries to submit notifications to
the OIE within 24 hours of confirmation of any of the
following events:

e a first occurrence or recurrence of any OIE-listed dis-
ease in a country or zone of the country if the zone
or country was previously believed to be free of that
particular disease;

e an OlE-listed disease that has occurred in a new host
species;

e an OlE-listed disease that has occurred with a new
pathogen strain or in a new disease manifestation;

e there is potential for international spread of an OIE-
listed disease;

* an OlE-listed disease has a newly recognized zoo-
notic potential; or

e if in the case of an emerging disease or pathogenic
agent not listed by the OIE, there should be find-
ings that are of epidemiological significance to other
countries.

Monthly reports summarizing the disease situation are
submitted until the disease has been eradicated, or the
situation has been brought under control.
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FAO's Quarterly Early Warning Bulletin, a result of

a collaboration between the Emergency Prevention
System (EMPRES) for transboundary animal and plant
pests and diseases and food safety threats, the Global
Information and Early Warning System (GIEWS) and
the Food Chain Crisis Management Framework (FCC)
(www.fao.org/food-chain-crisis/early-warning-bulletin/en/),
integrates information on threats to the food chain
and food security for the three months ahead. Aquatic
diseases are included in the bulletin.

6.7 Documentation

Information on aquatic animal diseases may be docu-
mented in many formats, ranging from handwritten
farm records to local, regional and national computer-
ized databases that can be managed by linking
various relevant government agencies and diagnostic
laboratories (Subasinghe, McGladdery and Hill, 2004).
The competent authority of a country is responsible
for documentation of data that is regulatory in nature
and is required for the establishment and maintenance
of zones for diseases of national and trade concern.
Surveillance data should be regularly updated on a
country’s national database where the data can be
accessed by policy makers, the competent authority
and other stakeholders (Subasinghe, McGladdery and
Hill, 2004). It is in the public interest that information
relating to biosecurity hazards and their management
is made available by competent authorities on an
ongoing basis (FAO, 2007a). Nonregulatory data may
be documented in scientific research papers, industry
newsletters and in farm records from where relevant
industry stakeholders can access the information. It

is essential that farming operations document data
relevant to disease incidence and prevalence as part
of the farm-level biosecurity plan. Where third-party
guarantees on disease status are required, this forms
an important component of the auditing process (Palic,
Scarfe and Walster, 2015). Under certain circum-
stances, disease prevalence reporting may be seen as
confidential by industry stakeholders. In such cases,
the confidentiality of individual and corporate client
information may need to be respected where such
information falls outside of regulatory requirements.

6.8 Aquatic Animal Health Services

The confidence that trading partners place in a coun-
try’s aquatic animal health status and the ability of a
country to provide guarantees required by international
animal health certificates is a reflection of the aquatic
animal health services of a country. The quality of a
country’s aquatic animal health services depends on a
number of factors, including the fundamental principles
of an ethical, organizational, legislative, regulatory

and technical nature to which OIE member countries
have an obligation to conform, regardless of the
political, economic or social situation of their country
(OIE, 2016). Details of these fundamental principles

are presented in the OIE Aquatic Animal Health Code
(OIE, 2016). Each OIE member country has the right to
request an evaluation of the quality of another member
country’s aquatic animal health services where an
initiating country is an actual or prospective importer or
where a review of sanitary measures relating to trade
from the exporting country is a component of a risk
analysis process (OIE, 2016). Such evaluations follow
procedures established by the OIE.

6.9 Role of the Private Sector

Official aguatic animal health services provided by state
veterinarians and technologists encompass the surveil-
lance and regulatory aspects of aquatic disease man-
agement. The provision of aquatic veterinary services is
a specialized field, as is the provision of official requla-
tory services, and effective biosecurity management in
some instances requires both official and private-sector
expertise (Pali¢, Scarfe and Walster, 2015). To ensure
effective management of aquatic biosecurity, aqua-
culture farmers should be encouraged to make use of
both private and official aquatic animal health services.
In countries with limited resources or where official
aquatic animal health services are poorly developed,
private-sector aquatic animal health specialists can play
an important role in supporting the competent authori-
ties tasked with biosecurity zoning. By applying sound
biosecurity plans to compartments and zones within a
country, private-sector specialists are able to provide a
significant advantage to aquaculture farmers while at
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the same time creating a favourable environment for
third party or official auditing and certification. Farmers
need to realize that disease and infectious hazards
change and evolve over time. An effective biosecurity
plan needs to be regularly revised to remain up to

date with relevant diseases and to remove procedures
that may have become obsolete. Unless the official
veterinary services of a country have the expertise and
capacity to provide this service, aguaculture farmers
should make provision to fund private-sector specialists
to assist with the task.

Application of Zoning and Compartmentalization

Zoning and compartmentalization are an integral part
of biosecurity measures implemented by countries
and aquaculture industries to contain, control and
eradicate contagious diseases. They can be applied

in many facets, but the implementation requires
development of appropriate diagnostic, surveillance
and reporting capabilities within a specific regulatory
framework (FAO, 2007b). In the case of an outbreak
or suspicion of an outbreak of a disease for which
control measures are in place, zones or compartments
define the geographic area to which restrictions to
the movement of aquatic animals and other control
measures are applied. Within the framework of zoning
and compartmentalization, certification of disease
status and freedom from specific pathogens provide
further measures to prevent spread of disease (Hastein
et al., 2008). Where eradication is not possible or
practical, containment and control within zones
provides an alternative means of limiting the impact
of a disease (FAO, 2007b). Establishment of free
zones, based on ecological, geographical, hydrological
and climatological barriers and meeting the specific
technical requirements for disease control, as defined
by the OIE Aquatic Animal Health Code (OIE, 2016),
will restrict the impact of disease to infected zones
and allow unhampered movement of aquatic animals
from free zones.

Effective management of zones requires that animals
may be moved only from zones where the same or
fewer pathogens are present than in the receiving
zone, or between zones where none of the specified
diseases occur. Restrictions are justified to prevent
movement from zones where diseases occur that are

absent from the receiving zone (FAO, 2007b). Where
zones based on entire river systems and coastal areas
involving more than one country are affected by a
contagious disease, neighbouring countries will benefit
from regional zoning (FAO, 2007b).

In the case of salmonids, the breeding cycle of rainbow
trout in the Northern Hemisphere is offset by six
months from that of the Southern Hemisphere. South
Africa, for example, has a salmonid industry that

dates back to early colonial days, and trout hatcheries
have traded in live salmonid ova with the Northern
Hemisphere for many decades, culminating with the
annual export of over 40 million eyed ova during the
latter part of the last century. As the breeding cycle of
salmonids in the Southern Hemisphere is six months
apart from that of the Northern Hemisphere, it is ben-
eficial for farmers in both hemispheres to supplement
their production through an additional stocking of
young fish during the time of year when in the respec-
tive hemisphere hatchery stock would be unavailable.
Trout farmers in South Africa, to this day, import their
so-called summer eggs from Northern Hemisphere
farms, and the Northern Hemisphere provides a good
market for ova produced in the Southern Hemisphere.
South Africa has had effective legislation governing the
introduction of exotic salmonid diseases. The importa-
tion of eyed salmonid ova is only permitted where
guarantees of freedom from specific salmonid diseases
can be provided by the authorities of the exporting
country. As an additional measure, official sampling

of imported ova takes place at the port of entry. Such
imports remain under quarantine and are traceable
until the results of the testing have become available.
Over this long time span, serious salmonid diseases
have not been introduced into South Africa despite the
frequent importation of eyed salmonid ova.

The production of SPF trout ova for international
trade provides an example of the implementation of
the concept of compartmentalization. South Africa,
for example, has no national surveillance data on

the prevalence of OlE-listed salmonid diseases. Yet a
number of rainbow trout hatcheries in this country
are registered as export hatcheries with the country’s
competent authority. Export hatcheries, managed

as a compartment, need to comply with biosecurity
measures reflecting the requirements of the importing

82 | Biosecurity Zoning and Compartments, Infected Zones, Disease-Free Zones



country and stipulated by the relevant competent
authority tasked with issuing the disease-status guaran-
tees for export. In this manner, relevant disease-status
guarantees that meet the requirements of importing
countries can be provided by the competent authority
allowing export of salmonid ova from South Africa to
countries such as those in the European Union.

For a competent authority of a country to provide
guarantees of freedom from specific diseases, the
source population of aquatic animals needs to

be subjected to disease surveillance testing. Such
testing must be done at a statistically relevant level

of confidence. The OIE recommends working at the
statistical 95 percent confidence level of detecting a
disease agent with a prevalence of 2 percent or lower
(OIE, 2016). This principle has been applied to trout
hatcheries exporting ova. In the case of South Africa,
depending on the relevant province, implementation
of the farm biosecurity plan and collection of surveil-
lance samples is done either by a state veterinarian
with aquatic animal disease knowledge or jointly by a
state veterinarian and a private-sector aquatic animal
health specialist appointed by the hatchery owner. The
laboratory testing of the samples is performed by an
accredited national laboratory. Provided the hatchery
has been approved by and is registered by the
competent authority, the issuing of export certificates
reflecting disease-status guarantees is done by the
state veterinarian responsible for the hatchery.

The koi industry in South Africa has been affected by
koi herpesvirus with frequent outbreaks among the

koi collections of hobbyists and farmers since 1998.
Most of these go unreported. As South Africa has

no official surveillance data on either koi herpesvirus
(KHV) or rhabdovirus carpio, the causative agent of
spring viraemia of carp (SVC), koi producers wishing

to export fish to certain international markets need to
provide SPF certification to meet the requirements of
the importing country. Koi farms based on protected
water supplies and conforming to the requirements for
registration of export farms can be managed as a com-
partment in order to export SPF fish (Huchzermeyer
and Colly, 2015). Such farms need to maintain a closed
population of fish, with introductions being allowed
only from sources with a certified disease-free status
of equivalent or higher standard. The fish population

on such a farm is subjected to a statistically valid level
of testing for KHV and rhabdovirus carpio for a man-
datory of four tests at six-month intervals (OIE, 2016).
After the initial two-year testing period, the competent
authority is able to issue guarantees of freedom

from KHV and SVC, and fish can be exported. In the
absence of wider surveillance, and establishment of
KHV and SVC free zones, the routine of six-month
testing continues as long as a farm remains registered
as an export facility and continues selling SPF fish. As
in the case of trout export hatcheries, both the state
veterinarian and a private-sector aquatic animal health
specialist jointly implement, maintain and monitor the
biosecurity measures relevant to the conditions for
approval and registration of an export fish farm. In the
case of koi, the private-sector specialist is responsible
for collection of surveillance samples. The accredited
national laboratory in South Africa is only able to test
for SVC, and a private-sector accredited laboratory is
used for analysing the KHV samples. Provided all tests
are negative and all the conditions of the importing
country have been met, the relevant state veterinarian
will issue the disease status guarantees.
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Annex 3. Aquaculture
Certification and Zonal

Management

Anton Immink and Jesper Clausen'

ABSTRACT

There has been concern among academia, consumers
and nongovernmental organizations (NGOs) that
certain forms of aquaculture, mainly high-value species
for export, are environmentally unsustainable, socially
inequitable, raise issues of animal welfare and have
issues about food safety. Certification schemes address-
ing the sustainability of aquaculture production have
emerged to address these concerns. However, these
certification schemes deal with single production units,
and have not, until recently, developed mechanisms to
validate the performance of groups of farmers or the
management of zones of farms.

As aquaculture continues to grow to meet global
demand, governments and production industries

must address the need to effectively manage the key
resources that aquaculture relies upon, most notably
water, and minimize the risk of disease impacts.

In order to maintain supplies, improve food safety,
increase traceability and develop greater social equity, it
is in the interest of the market to promote mechanisms
to encourage this resource-level governance. Managing
the risk of disease transfer between farms and develop-
ing mechanisms to control the spread of disease are
key components of emerging zonal management

1 The views expressed in this annex are those of the authors and
do not necessarily reflect the views or policies of FAO or the World
Bank Group.

certification. Early industry-led examples of coordinated
action from Scotland, the United Kingdom of Great
Britain and Northern Ireland and Surat Thani province
in Thailand are discussed. Group certification and zonal
management certification both enshrine the develop-
ment of management bodies as a core component.
These producer organizations or zone managers carry
the burden of compliance on behalf of producers,

but also guide and support them to better overall
performance. The need for certification approaches
that more effectively engage small-scale producers in
supply chains is also briefly discussed.

NOTE ON SCOPE AND DEFINITION

This document is a chapter in a wider document on
aquaculture zoning, site selection and area manage-
ment under the ecosystem approach to aquaculture
and should be read in that context. The term “zonal
management” is used in this chapter because it is

the terminology that certification developers and the
supply chain use to refer to the need to introduce and
deliver aguaculture management at the resource level.
Zonal management currently includes processes to
develop effective industry institutions and voluntary
and compulsory management of shared water
resources, disease risks and feed supplies. At present,
the market has not introduced into zonal management
the social licence consideration included in the eco-
system approach to aquaculture; also the term “area

Immink, A. & Clausen, J. 2017. Aquaculture Certification and Zonal Management. In J. Aguilar-Manjarrez, D. Soto & R. Brummett. Aquaculture zoning, site
selection and area management under the ecosystem approach to aquaculture. Full document, pp. 87-94. Report ACS113536. Rome, FAO, and World Bank Group,

Washington, DC. 395 pp.
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management” under “the ecosystem approach to
aquaculture” and “zonal management” are generally
interchangeable.

INTRODUCTION

Future projections for demand for aquaculture prod-
ucts predict that there is a need to double production
before 2030. This is an opportunity for aquaculture
producing countries that requires both government
and private investments in aquaculture management
systems. The investments can be used for aquaculture
production infrastructure and operations, for enter-
prises along the value chain (supplying inputs such as
seed and feed and delivering product to markets), and
for supporting services, processes and institutions at
the sector level. Future demand for aquatic products
is expected to provide business opportunities across
the sector, but risks within the framework in which
producers operate must be effectively governed.
Opportunities for the continued (and increasing)
involvement of small-scale producers in these supply
chains need to be developed.

AQUACULTURE CERTIFICATION

The rapid expansion of aquaculture production and
the change from being mainly locally produced and
consumed towards internationally traded products
have raised concern among academia, consumers and
NGOs that certain forms of aquaculture, mainly shrimp
and marine finfish production (with salmon as the

one species in particular focus), are environmentally
unsustainable and socially inequitable, and that
products are not safe for consumers (Corsin, Funge-
Smith and Clausen, 2007).

Certification is understood to be the procedure by
which a body or entity gives written or equivalent
assurance that the activity under consideration con-
forms to the relevant standards. Impartial certification
based on an objective assessment of relevant factors
provides assurance to buyers and consumers that a
product comes from an operation (or operations) that
conforms to the certification standards. Both national
and voluntary certifications currently focus on farm-
level performance only, with limited consideration

of zonal management elements. To date, the only
zonal requirement has been for salmon farms wanting
Aguaculture Stewardship Council (ASC) certification

to engage in area management systems if one exists
(ASC, 2012). However, some examples specifically
focused on zonal management are starting to develop,
as discussed below.

There are a number of international, regional and
national certification schemes that focus on confirming
responsible management by individual farms. In Asia,
most of the main exporting countries, including China,
Indonesia, Malaysia, Singapore, Thailand and Vietnam,
have their own national schemes, as well as producers
who comply with international certification schemes.
Certification schemes are a way for consumers and
retailers in developed markets in Europe, the United
States of America, Japan and larger Asian cities

such as Singapore, Hong Kong and some capitals

of the countries that are members of Association of
Southeast Asian Nations (ASEAN) to communicate
their demands to producers in other regions. There

is a need for certification schemes to understand

both consumer concerns and requirements, and at
the same time ensure that producers are able to
produce sufficient volumes at the quality demanded.
Sometimes a knowledge gap exists between what
consumers know about the production and what they
ask for. The certification schemes are not only created
or driven by consumers, but they are often used by
retailers to differentiate among themselves (Belton and
Little, 2009; Belton et al., 2010).

Whereas the international certification schemes have
high confidence among consumers but perhaps are
seen as a burden by the producers, the regional and
national certification schemes or the good aquaculture
practices (GAPs) and better management practices
(BMPs) are more focused on communicating the
current good practices by producers, and working with
producers first and secondarily looking at consumer
concerns. In some cases, these national schemes are
seen as validating the performance of producers in a
way that allows them to meet their bottom line rather
than encouraging change in response to customer
requirements.
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VIETGAP—AnN example of a current national
certification programme.

The overall strategic principles of the aquaculture
VietGAP are that aquaculture must ensure quality and
food safety by complying with the current standards and
regulations of the state and the provisions of the Food
and Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO). Aquaculture
must ensure aquatic animal health and living conditions
for farmed animals by creating the best conditions for
health, reducing stress, limiting the risk of disease, and
maintaining good farming environments in all stages

of the production cycle. Additionally, aquaculture
activities should be done according to detailed plans

and limit negative environmental impacts, according

to the regulations of the state and international
commitments. There must be an evaluation of the impact
on the environment of the planning, development and
implementation of aquaculture.

VietGAP looks not only at the production steps of the
aquaculture value chain, but also looks at the other links
in the value chain (e.g., breeding facilities, processing), and
is therefore one of the ASEAN national programmes that
takes a value chain approach; most other member states
only look at the production steps.

The VietGAP programme, together with other certification
programmes and a general focus on prudent use

of veterinary drugs to treat aquatic animal diseases,
managed to bring down the use of antibiotics and
improve aquatic disease management practices, greatly
reducing the number of antimicrobial alerts from the

main importing markets in the period from 2004-2013
(RASFF—the EC Rapid Alert System for Food and Feed,
2016). In particular, the larger, more commercial farms
that gained certification quickly managed to reduce

the use of antimicrobials. However, in the period from
2013 through the end of 2015 there was a dramatic
increase in the number of alerts, which could be related
to the increased problems with diseases. It might be that
focusing on individual farm certification is not enough for
the industry, but that a wider focus on zonal management
and certification is needed to limit and prevent the spread
of diseases (for more information on VietGAP, see www
.quacert.gov.vn).

According to Bush et al. (2013), only 4.6 percent of
the world aquaculture production is currently certified.
This is, given the huge attention certification schemes
are given, quite a low number, but the number is
increasing. It is easier for larger-scale, better capital-
ized production units to deal with infrastructure,
record keeping and administrative requirements
demanded by certification. It is often observed that
smallholder farmers are excluded from markets that
require certification, even when external support such
as donor-funded projects, governments or NGOs
have tried to increase their involvement. It has been
suggested that cluster certification systems or group
certification that specifically addresses problems of
smallholders can increase their likelihood of participa-
tion (Kassam, Subasinghe and Phillips, 2011), although
the market is only starting to utilize these approaches
as the supply from larger farms becomes limiting. One
way of including more of the production in certifica-
tion schemes could be to include zonal management
in more of the schemes.

Kassam, Subasinghe and Phillips (2011) also mention
the need for an international certification that recog-
nizes risk reduction by smallholder farmers, something
the world is still waiting for. However, progress is
being made on the certification of aquaculture zones,
which makes sense not only from a social point of
view, potentially increasing market accessibility for
small-scale farmers, but also makes good sense from
an environmental and production point of view. In
particular, in Asia, by far the majority of aquaculture
production comes from smallholders, and the accu-
mulated environmental impact from this production
is largely unknown, especially since many smallholder
farms are not licensed. If certification recognized and
rewarded local efforts to introduce carrying capacity-
based measures for establishing production volumes
for both new and existing areas, or if aquatic animal
health programmes encouraged farms to coordinate
management and treatment approaches and openly
report disease incidence, improvements to overall
sustainability would benefit all producers, increasing
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market access and reducing risk for smallholder
farmers. The challenge in this approach is who would
take on the role of “zone manager.”

ZONAL MANAGEMENT

There are some examples of industry taking a lead in
the development of good management approaches at
the farm and zonal levels, often in response to external
pressure, but also to respond to disease challenges
faced by the industry. The Scottish salmon industry
developed a Code of Good Practice that is adhered to
by 95 percent of the industry, verified through audits,
and has become a requirement for membership of
producer organizations. Compliance with the code

is not demanded by the market, although it was
developed in part to demonstrate to the market the
responsible approaches taken by the sector. It also
includes requirements to be active in area manage-
ment processes (see www.thecodeofgoodpractice
.co.uk), something not typically included in current
voluntary standards. The Surat Thani Shrimp Club
developed disease notification processes and local
groupings of farmers in the hope of reducing disease
risk. Success has been mixed, but is widely recognized
as a leading example of voluntary coordinated action
between producers (Boromthanarat and Nissapa,
2000; Yamprayoon and Sukhumparnich, 2010).

The Sustainable Fisheries Partnership has been work-
ing on a bottom-up zonal management approach in
several Southeast Asian countries and in China that
has shown that there is significant positive value in
farmers developing both formal and informal commu-
nication and representation mechanisms within a zone
or group (www.sustainablefish.org and www.hntsa
.org). Building trust among producers strengthens
internal management of the industry, but an effective
multistakeholder entity that involves feed companies,
processors, hatcheries and technical support/input
suppliers can also speak with more confidence when
representing a unified industry with outside stakehold-
ers from government, other industries or the market.
Having such a producer organization also enables the
market to communicate market requirements more
effectively to a whole industry, meaning changes

can happen more quickly, benefiting everyone once

trust has been built. These projects have had varying
degrees of market support and are discussed in more
detail as examples elsewhere in this publication.

These examples highlight the value of the private
sector initiating collaboration among multiple industry
stakeholders. The added value of these processes

was the strengthening of producer groups to become
effective representative organizations that can guide
members and engage with governments, NGOs and
other stakeholders. But the aquaculture sector has
been short on such examples and to answer the
concern about irresponsible aquaculture production,
governments and markets developed farm-level
certification requirements for food safety and aquatic
animal health, subsequently adding environmental
and social issues. Some of these processes have been
government driven, whereas others have been market
driven, but all have focused on improving performance
on individual farms.

GROUP CERTIFICATION

Two different approaches to certification are currently
considered within the area of zonal management. As a
proxy for full zonal management, the market is engag-
ing in group certification, particularly as a mechanism
to bring more products from small-scale producers
into the market without the need for changes to the
overall sector management regime required in zonal
management—or the need to develop a standard

at a simpler level that would address the reduced

risks typically posed by small-scale producers. Many

of the standards are developing group certification
mechanisms, following on from GLOBALG.A.P., which
was the first international standard and which also
delivered pilot projects, for example, with pangasius
producers in Viet Nam. GLOBALG.A.P. has had great
success with its group certification processes for
agricultural crop farmers. The Global Aquaculture Alli-
ance (GAA) is finalizing a group certification standard
and ASC is in the late stages of drafting a standard.
At the heart of group certification, there is still a need
for each farm to fully comply with individual farm-level
certification requirements. There is an additional
obligation for an internal quality control process within
the group to ensure each farm is in compliance, which
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reduces the requirement for every farm in the group
to be visited by an auditor in each certification period,
and therefore reduces overall auditing costs for the
group. The auditor will instead look for evidence that
the internal control system is operating effectively and
will visit a sample number of farms each time certifica-
tion is renewed, eventually visiting all farms over a
number of renewal cycles. In group certification, the
farms do not all have to be located in the same area,
although they have to be within reasonable travelling
distances to be effectively managed. Groups also

do not need to be constituted from all the farmers
within a specific area. This is an important distinction
from zonal management, because although increased
collaboration between farms is a requirement of zonal
management, group certification does not require
those farms to be in geographically contiguous zones
or for a majority of farmers from a specific zone to

be involved. So far, for aquaculture group certifica-
tion, the groups are dispersed suppliers to particular
processors that become the certification applicant,
whereas in agriculture the certification applicant is
more commonly a farmer cooperative. Details of what
is required for effective group certification are avail-
able from the standard demanded by the market.

ZONAL MANAGEMENT CERTIFICATION

Zonal management certification, however, requires
the industry to look at aquaculture management from
a different perspective, taking into account the need
for resource-level management, not just multiples

of farm management. At the request of the market,
the GAA is currently leading the development of a
new zone management standard and certificate that
it plans to offer under its Best Aquaculture Practice
(BAP) certification programme (Global Aquaculture
Advocate, 2014). BAP is already widely recognized

for a range of standards covering farms, processing
plants, feed plants and hatcheries. Other international
voluntary aquaculture standards including ASC and
GLOBALG.A.P. are involved in the multistakeholder
zonal management standard development process.
The standard will initially focus on biosecurity area
management, but it is expected that environmental
and social components will be added to the standard
as market demand increases. At the heart of the

standard is the need for a “zone manager”—an entity
or a person who will take responsibility for ensuring
that a zone management system is developed and fol-
lowed by all producers within the zone. A competent
disease control specialist, likely a veterinarian, needs to
validate that the scale of the zone proposed and the
measures to be followed by farms offer effective dis-
ease control. The programme requires that the major-
ity of farms within the zone are active participants in
the zone management process and follow farm-level
requirements within that process, but not all farms
need to be individually certified to all the requirements
of current farm-level certifications. This means that
small-scale producers can more easily be part of the
programme. The programme will provide business-
to-business reassurance. The zonal programme is in
the pilot-testing phase, working with producers in
Canada, Chile, China, Honduras, Ireland, Thailand and
the United States of America where interest has been
shown. Producers in Canada, China and Honduras are
furthest in the process. There are some indications that
these zonal certification programmes will significantly
lower the risk for the aquaculture industry in these
zones and hence make aquaculture more attractive to
the large amount of investors who are looking for suit-
able investment opportunities within the aquaculture
industry (Hatanaka, Bain and Busch, 2005).

It is important that a zonal certification module or
programme is in compliance with the FAO technical
guidelines on aquaculture certification and addresses
environmental, aquatic animal health, animal welfare
and socioeconomics (WWHF, 2007 and FAO, 2011).

By covering these management requirements at the
resource (zone) level rather than just at the farm level,
certification should be more confident in making
claims of verifying sustainable management—rather
than the current approach of claiming “responsible”
management.

CHALLENGES AND OPPORTUNITIES
FOR ZONAL MANAGEMENT
CERTIFICATION

Aquaculture certifications are typically market-driven
approaches that certify the performance of particular
producers. The underlying assumption in most
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certifications is that the legal framework takes care of
the issues considered in zonal management (and the
ecosystem approach to aquaculture). However, in most
countries, the legal framework has not been based

on approaches like carrying capacity and epidemiol-
ogy, and the industry is often not effectively pulled
together and represented by producer organizations.
In fisheries management certification, the validation

of the effectiveness of the legal framework to man-
age fisheries is a specific requirement. For fisheries
management certification, the legal framework is
understood to be vital to the long-term availability

of products and therefore of critical interest to the
market. Aquaculture continues to supply increasing
volumes of products to the market despite many
countries not having effective zonal management
regimes. The challenge will come once supplies are
limited because the regulatory framework is not ensur-
ing sustainable management at the resource level (e.g.,
when production crashes because of uncontrolled
disease outbreaks or when water quality rapidly dete-
riorates causing mass fish kills). The dialogue around
aquaculture, however, continues to talk of substantial
production growth even with a “business as usual”
approach to regulation and management. This is plac
ing a dangerous reliance on good performance at the
(multiple) individual farm levels rather than the much
needed improvements in resource-level governance.
The market, through the use of mechanisms such

as zonal management certification, should drive the
necessary improvements before—not once—supplies
become severely constrained or reputations are at risk.
But governments and larger-scale producers must also
take action nationally, now, to protect their rapidly
developing industries from the inevitable collapses that
come from intensified production practices that are
reliant on natural resources severely lacking in effective
management (Hall et al., 2011). The burden cannot be
put on the shoulders of small-scale producers alone
through group or zonal management certification.

Developing effective industry associations (whether
part of a group or zonal certification) will also have a
benefit for the wider social acceptance of aquaculture.
Effective guidance and management of multiple
producers to deliver responsible practices will enhance
the overall understanding of non-aquaculturists to the

value of producing food this way. Effective producer
organizations also provide the industry with a coherent
voice to counter criticism. A confident industry, within
a well-regulated environment, is also more likely to
positively engage with detractors and regulators

rather than retreat into defensive positions that further
distance opposing views.

The formation of groups and the internal control
systems that are demanded by these certifications
enable improvements in traceability and food safety.
Full zonal management can provide the market with
further confidence around traceability and food

safety when all producers within any given zone are
licensed—and therefore identifiable—and all operat-
ing according to best practice that means no single
farm is posing an unmanaged risk to all its neighbours;
this should significantly reduce the need for unneces-
sary and non-prudent use of chemicals to treat disease
outbreaks, leading to safer food for consumers. Where
emergency disease response plans are developed

and a clear plan of action is agreed upon between
producers, regulators and scientists, there is increased
likelihood of further reductions in the unnecessary use
of chemicals, improving food safety, environmental
quality and industry reputation (World Bank, 2014). A
coordinated demand from an industry for sustainable
feed ingredients also helps to drive improvements in
traceability of marine ingredients from legal, regulated
and managed sources.

CONCLUSIONS

Zonal management within the context of both
regulation and certification schemes has not previously
received much attention. The focus on farm-level best
practices and the established certification processes
that validate performance at the farm level offers a
challenge to zonal management and zonal certification
to demonstrate long-term value to an ever-increasing
aquaculture industry.

Group certification and zonal management certifica-
tion offer mechanisms to enable small-scale producers
to enter more formal supply chains at a potentially
lower price, but it still requires them to commit to
what is usually an improved level of performance. It
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also requires neighbours to collaborate. Both group
certification and zonal management certification are
opportunities for smallholders, but it is important to
emphasize that the standards for these schemes are
as stringent as for individual certification schemes.
There is still space in the market for a specific standard
aimed at recognizing the lower levels of risk reduction
needed from small-scale producers, therefore keeping
them as suppliers to the ever-growing demand for
certified seafood.

A key component of group and zonal management
certifications is the formation of management bodies
that coordinate performance among member farms.
These producer organizations carry the burden of
conformity on behalf of the producers, but still
require best practices at the farm level. The idea of
strong producer organizations should be adopted
across the industry as a mechanism for improving the
reputation of the industry, reducing disease risk and
environmental impacts, and increasing food safety and
traceability—whether or not it is part of a certification
process.

Group certifications have developed in part because

it has become increasingly difficult for the market

to source all products they need from larger already
individually certified farms. It is also increasingly
obvious to the market and producers that certified
farms are often connected through shared resource
use to uncertified producers who pose risks such as
disease transfer or water supply quality reduction

that cannot be addressed through current farm-level
certifications. An approach that addresses risks at

the resource (zonal) level is needed, especially as
aquaculture production is forecast to grow significantly
to fulfil market demand. Sustainable intensification or
blue growth will require action from governments and
demand from markets for resource-level management.

A continued push for scaling-up production as rapidly
as possible with an almost-exclusive focus on farm-
level best practices will bring continued disease and
environmental challenges that affect the reputation
of aquaculture, negatively impact the livelihoods of

millions of people, disrupt supply chains, increase
prices and slash national productivity. There is an
urgent need for better governance mechanisms within
the private sector as well as a government that acts on
the realization that farms do not operate in isolation.
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Annex 4. Tools and Models
for Aquaculture Zoning,
Site Selection and Area

Management

Richard Anthony Corner and José Aguilar-Manjarrez!

BACKGROUND AND OBJECTIVES

Decision makers, faced with data and output from
spatial tools, often lack a basic understanding of spatial
modelling technologies, including their limitations

and strengths and the kinds of questions that can be
addressed by them that would allow for operational use
and informed decisions. The same range of understand-
ing is required to decide on the level of adoption of
additional tools and models that are needed to analyze
and address aquaculture zoning, site selection and

area management options. Expanding awareness and
realizing the analytical potential of tools and models of
all types are key to making better informed decisions.

Success in application of tools and models depends on
the assessment required, applications available, finances
applied and capacity of users to apply them appropriately.
With regard to the latter, capacities vary among and
within countries, so there is a need to match training and
technical support to the capacity to absorb them. The
range of tools and models is relatively large and growing,

1 The views expressed in this annex are those of the authors and
do not necessarily reflect the views or policies of FAO or the World
Bank Group.

including overall governance approaches, spatial analysis
and modelling, and ecosystem and site specific models;
and vary from very simple to complex in application. Some
require purchase and others can be obtained for free
(Open Source). In essence, analytical techniques should be
designed and delivered to match the need, and capacity of
the users to apply the tools and models appropriately.

Investment on governance approaches, spatial tools,
ecosystem and site specific tools and models should be
made with a clear understanding of what should be
accomplished with such application and in particular
on the decision-support needs involved and the variety
of stakeholder requirements that the tools can fulfil.
Application of tools and models is part of the overall
ecosystem approach to aquaculture (EAA), which in
turn is primarily about people and collective interest to
develop aquaculture in an environmental and people-
friendly way. It is entirely up to aquaculture competent
authorities, decision makers and analysts, as potential
EAA implementers, to make sure that tools and models
are used responsibly, in an appropriate manner that
makes their application useful and effective.

The main objective of this annex is to provide an overview
of tools and models that are applicable to aquaculture

Corner, R. A. & Aguilar-Manjarrez. J. 2017. Tools and Models for Aquaculture Zoning, Site Selection and Area Management. In J. Aguilar-Manjarrez,
D. Soto & R. Brummett. Aquaculture zoning, site selection and area management under the ecosystem approach to aquaculture. Full document, pp. 95-145.
Report ACS113536. Rome, FAO, and World Bank Group, Washington, DC. 395 pp.
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zoning, site selection and area management, of relevance
to developing and developed countries.

This annex should be considered as a brief introduc-
tion and a reference. Additional reading and refer-
ences have been selected under each subsection in
this annex to allow for more thorough investigation
on specific topics. It is not designed specifically to be
read in sequence, and the reader is able to select the
parts of interest, gain a brief understanding of the
techniques, tools or models available, and undertake
further reading where necessary. That specific tools,
models and approaches are listed here and others not
should not be taken as an endorsement or condemna-
tion of a specific tool, model or product. The reader is
advised to seek professional support where needed.

OVERVIEW OF THIS ANNEX

Chapter 2 of the handbook of this publication
identifies a number of spatial tools and models to
support aquaculture zoning, site selection and area
management. Table 4, in particular, lists a substantive
number of tools that can aid development of zoning
for aquaculture, assist in the selection of appropriate
sites, and support the design of area management
plans. Such activities and tools can be carried out over
different spatial scales: from regional, national areas,
including exclusive economic zones (EEZs), local and
site scale; and different temporal scales: from single
production cycles, through multiple cycles, to long-
term sustainable development for future generations.

In Annex 4, a brief description is given of some overall
governance approaches that should be implemented
to ensure aquaculture is developed in a sustainable
manner using the EAA, supported by other tools and
models, that help achieve the required aims of site
zoning, site selection and area management. Under
each subsection further reading is provided to support
understanding, which may lead to further examples.

The annex is divided into three parts.

Part 1 includes a table that summarizes each of the
ten case studies in this publication (detailed reports
are available in Annex 5) to highlight the tools and
models that have been applied within each. Each case
study has a brief introduction on the background and

context for the application of aquaculture zoning, site
selection and/or area management, and a description
of some of the approaches, spatial tools and models
used to implement the zoning, area management and
site selection activities undertaken.

Part 2 summarizes some of the critical require-

ments that will achieve good overall governance of
aquaculture development. It includes short sections

on strategic planning for aquaculture; the need for
aquaculture specific laws and regulations; developing
codes of conduct, codes of practice or best manage-
ment practices; the application of spatial planning
under the EAA and marine spatial planning. Use of the
environmental impacts assessment and evaluation of
carrying capacity are not strictly related to governance,
but nonetheless provide the means by which site
specific decisions are made by regulators when
locating aquaculture farms, and are therefore included.

Part 3 provides a brief description of some of the tools
and models used for aquaculture zoning, site selection
and area management, and includes brief descriptions
for some of the available cross-cutting computer
models developed for this purpose, including the use
of geographic information systems (GIS). This part
also describes some of the tools and models listed in
the case study table and some from the list in Table 4
in Chapter 2 of the handbook. It is not, however, an
exhaustive listing of all available techniques, tools and
models available worldwide.

Useful Definitions

Before reading this section, there are two useful
definitions that require clarification. In this document:

Tool has a very wide definition, and is considered
as any legislative instrument (laws, regula-
tions, guidelines), process (such as stakeholder
engagement), computer model application
(such as GIS, or computer models to assess
impacts of aquaculture), or other approaches
that can be used or be implemented to help
and support the development of aquaculture;
and the gathering, analysis and presentation
of data to aid decision making.

Model is considered a predictive tool, mainly

developed by modelling specialists, using
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state-of-the-art equations to describe specific
actions (e.g., fish growth), interactions (e.g.,
cage aquaculture wastes into the environ-
ment), and consequences (e.g., setting of local
carrying capacity) of aquaculture. Models
provide information to enable understanding
of sometimes complex activity and interac-
tions that would otherwise not be possible.

Outputs from models, by definition, cannot
provide definitive “answers”, but do support
decision making by giving outcomes (e.g.,
species growth, aguaculture waste deposition,
changes to water quality from aquaculture
activity) that improve understanding. Models
generally require calibration to local conditions
and validation through data collection.
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PART 1. CASE STUDY SUMMARIES

Spatial planning following the ecosystem approach
for aquaculture is in the early stages of development
internationally and reflects the need for this guid-
ance document. Annex 5 of this document includes
ten case studies, presented by the authors at the
workshop in Izmir, Turkey, in 2015. These case studies
provide an invaluable insight into the spatial planning
development stage in each country, and include scop-
ing, zoning, site selection and/or area management
examples, focusing on the spatial planning processes
and identifying the tools and models used as part of
that development activity.

Table A4.1 summarizes the activity undertaken and the
reasons behind the work undertaken, and identifies
tools and models used in that development. The case
studies summarized in Table A4.1 provide evidence
that systematic assessment and activities that lead

to a more coordinated spatially driven approach for
aquaculture is gaining traction globally. Aquaculture
expansion has often developed naturally, but in an
uncoordinated way, such that environmental and other
limitations have not been considered systematically to

enable the appropriate allocation of zones for culture
of fish and other species. Uncoordinated expansion is,
by definition, unsustainable. Zoning, site selection and
area management are not simply the “giving” of space
for aquaculture. They require a systematic approach,
including collection, analysis and mapping of data;
and the use of models are increasingly being used to
determine the best locations for aquaculture develop-
ment that means aquaculture will be sustainable in
the long term. Unrestricted aquaculture development
has the potential to damage the environment, which is
counter to the ecosystem approach.

The case study summaries describe the spatial plan-
ning activities undertaken in each country. Although
the activities described are not necessarily examples of
precise best practices, they do illustrate the application
of systematic approaches to scoping, aquaculture
zoning, site selection and/or area management, so
that production can occur with the least impact on
the environment while maintaining ecological and
social carrying capacity. The processes implemented,
however, offer a variety of means to achieve this.
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