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Foreword

he worldwide growth in demand for fish and fish products and improvements in

production systems have driven the rapid expansion of aquaculture, making it the

world’s fastest growing food production sector. Today total global aquaculture
production of fish and fish products for human consumption exceeds that of capture
fisheries and these products are some of the world’s most traded food commodities.

A growing population — estimated to reach 9.8 billion by 2050 — presents major challenges
to ensure food security in the face of an expanding demand for food and against a
background of climate change impacts. Given the acknowledged nutritional benefits of
fish and other aquatic products, aquaculture is destined to play an increasingly vital role in
supplying food from seas, rivers and lakes, providing a source of healthy diets and livelihoods
for millions of people, while alleviating pressure on wild stocks. Aquaculture production
has the potential to contribute to the achievement of the Sustainable Development Goals,
especially SDG 2 (Zero hunger) and SDG 14 (Life below water).

While aquatic genetic resources constitute an invaluable reserve of biodiversity, they
remain largely unexplored. We currently farm almost 600 aquatic species and harvest over
1800 species. Farmed aquatic species include finfish, molluscs, crustaceans, vascular and
non-vascular plants, and microorganisms. For many of these organisms the production cycle
depends on exploitation of their wild counterparts: wild relatives of many aquatic genetic
resources are collected from their natural environment to be bred or raised under farm
conditions; consequently, the aquaculture sector remains closely linked to wild aquatic
genetic resources and their habitats.

The information available on the status of conservation, sustainable use and development
of farmed aquatic genetic resources, and their wild relatives, is often incomplete and
scattered, both at the national and international level. In addition, we have little information
on aquatic genetic resources below the level of species. While FAO's annual aggregation
and synthesis of production data and its reporting through the flagship biennial report The
State of World Fisheries and Aquaculture are highly valued, production statistics are not
always complete.

Building global knowledge and facilitating access to that knowledge is essential to
raise awareness and address the main needs and challenges for the long-term conserva-
tion, sustainable use and development of all those aquatic genetic resources on which we
depend, directly or indirectly. Responding with appropriate actions will depend on a deep
knowledge of the global status and trends of aquatic genetic resources, and of the key
actors playing a role in their management.

The State of the World’s Aquatic Genetic Resources for Food and Agriculture, the first
ever global assessment of the status of aquatic genetic resources for food and agriculture,
focuses on farmed aquatic species and their wild relatives within national jurisdiction. The
Report is a milestone in building the information and knowledge base required for action
at the national, regional and international levels to conserve, sustainably use and develop
aquatic genetic resources for food and agriculture.

Requested through the FAO Commission on Genetic Resources for Food and Agriculture
and with the contributions of over 90 countries, the Report portrays the broad range of
aquatic organisms farmed and fished worldwide, the diverse technologies being used to
develop these resources, the status of existing conservation programmes, the roles of key
stakeholders, and the main national and international policies and networking mechanisms
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at play. It highlights the broad and complex range of challenges for the responsible
management of aquatic genetic resources, including: the acceleration of genetic
improvement of key aquaculture species, developing and promoting effective access and
benefit-sharing measures, addressing threats to the natural reservoirs of diversity of wild
relatives of farmed species, improving or implementing well-designed and integrated ex
situ and in situ conservation programmes, and supporting the development of strong
policies and governance systems. International cooperation is crucial to find solutions to
these many needs and challenges: all stakeholders, from policy-makers to fish farmers, from
fisheries and aquaculture associations to consumers, have their role to play in contribut-
ing to reducing worldwide food insecurity through wise management of aquatic genetic
diversity.

I am confident that the valuable information in the Report will be used as the basis for
policy planning and technical decisions to strengthen national efforts in the conservation,
sustainable use and development of aquatic genetic resources, and ensure their contribu-
tions to food security and the livelihoods of hundreds of millions of people who depend
upon them.

et

José Graziano da Silva
FAO Director-General
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About this publication

ollowing requests from its member countries, at the Eleventh Regular Session of the
F Commission on Genetic Resources for Food and Agriculture (CGRFA; see Box 1) in 2007,

the Food and Agriculture Organization of the United Nations (FAO) agreed to lead
a process towards production of the report on The State of the World’s Aquatic Genetic
Resources for Food and Agriculture on (the Report). In the context of the Report, aquatic
genetic resources (AgGR) include DNA, genes, chromosomes, tissues, gametes, embryos and
other early life history stages, individuals, strains, stocks and communities of organisms of
actual or potential value for food and agriculture. At the Fourteenth Regular Session of the
CGRFA in 2013, it was further agreed that the scope of this first ever global assessment on
AqGR for food and agriculture should be farmed aquatic species and their wild relatives
within national jurisdiction.?

Box 1
The Commission on Genetic Resources for Food and Agriculture

With 178 countries and the European Union

as its members, the Commission on Genetic
Resources for Food and Agriculture provides

a unique intergovernmental forum that
specifically addresses biological diversity for
food and agriculture. The main objective of the
Commission is to ensure the sustainable use
and conservation of biodiversity for food and
agriculture and the fair and equitable sharing
of benefits derived from its use, for present and
future generations. The Commission guides the
preparation of periodic global assessments of

the status and trends of genetic resources and
biological diversity for food and agriculture. In
response to these assessments, the Commission
develops global plans of action, codes of
conduct or other policy instruments and
monitors their implementation. The Commission
raises awareness of the need to conserve and
sustainably use biological diversity for food and
agriculture and fosters collaboration among
countries and other relevant stakeholders to
address threats to this biodiversity and promote
its sustainable use and conservation.

The reporting and preparatory process
Following the decision to go forward with the preparation of the Report, at its Fifteenth
Regular Session in 2015, the CGRFA endorsed a timeline for its preparation and an indicative
list of thematic background studies to provide input to the Report, and invited countries
to prepare Country Reports with the involvement of all relevant stakeholders. The CGRFA
also agreed to establish an Ad Hoc Intergovernmental Technical Working Group on Aquatic
Genetic Resources For Food and Agriculture (ITWG AqGR), which was specifically tasked
with guiding the preparation of the Report and its subsequent review. In addition, the
Committee on Fisheries (COFI) formed the COFI Advisory Working Group on Aquatic
Genetic Resources and Technologies (COFI AWG AqGR/T) to provide expert support to the
preparation of the Report.

The primary sources of information for the preparation of the Report were Country
Reports submitted by 92 countries over the course of two years, from June 2015 to June
2017. Following a process established by the CGRFA, FAO invited countries to nominate

2 CGRFA-14/13/Report www.fao.org/docrep/meeting/028/mg538e.pdf, paragraph 76.
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National Focal Points to coordinate the gathering of information and prepare and submit
Country Reports. Guidelines were provided to all National Focal Points, in the form of a
structured questionnaire* and methodology, to aid in the preparation of Country Reports.

It was envisaged that the development of the Country Reports would be a vehicle to
facilitate a national strategic exercise assessing the status of AqGR at the national level
and reflecting on the needs and priorities for their conservation, sustainable use and
development. Regional workshops were organized by FAO, in collaboration with partners
in the aquaculture sector, to support the development of the Country Reports.

Following receipt of the Country Reports, they were reviewed and the data incorporated
into a database. These data, where appropriate, were compared with official statistical
data reported to FAO based on aquaculture and capture fisheries production. Data were
analysed and the outputs of this analysis formed the basis of the main chapters of the
Report.

Based on the identification of significant knowledge gaps, FAO commissioned the
preparation of five thematic background studies (TBSs). The TBSs were intended to
complement the Country Reports in thematic areas where scientific and official data and
information were weak, missing or outdated. The five TBSs are:

e Incorporating genetic diversity and indicators into statistics and monitoring of farmed

aquatic species and their wild relatives;

e Genetic resources for microorganisms of current and potential use in aquaculture;

e Genome-based biotechnologies in aquaculture;

e Genetic resources for farmed seaweeds;

e Genetic resources for farmed freshwater macrophytes: a review.

Forty-seven out of 57 Country Reports received by May 2016 were reviewed and analysed,
and the outputs of these analyses were incorporated into the First Draft Report on the
State of the World’s Aquatic Genetic Resources for Food and Agriculture (the First Draft
Report). The First Draft Report was reviewed during the First Session of the ITWG AqGR,
held in Rome in June 2016, and a number of general and specific recommendations were
provided.*

The reports of the First Sessions of the COFI AWG AqGR/T and the ITWG AqGR were
presented to the Sixteenth Regular Session of the CGRFA in 2017. During that session,
the CGRFA invited countries that had not yet done so to submit their Country Reports by
30 June 2017; countries that had already submitted a report were invited to submit a
revised version by the same date.

By the end of June 2017, 35 new Country Reports had been submitted. An updated
Draft Report was prepared based on all 92 submitted Country Reports (Figure 1). This Draft
was reviewed and considered at another meeting of the COFI AWG AqGR/T, as well as by
an expert consultant, and then presented to the COFI Sub-Committee on Aquaculture in
October 2017. Feedback from these reviews was incorporated into a Revised Draft Report,
which was sent to members for comment and submitted to the Second Session of the ITWG
AqGR in April 2018. Based on feedback from this session of the ITWG AqGR® and input
received from FAO member countries and from international organizations, a Final Draft
Report was produced in May 2018 and submitted to the 33rd Session of COFI. Further input
from members of the COFI AWG AqGR/T and from the CGRFA Secretariat was considered
and incorporated into the Final Report prior to publication.

3 www.fao.org/3/a-bp506e.pdf

4 CGRFA/WG-AQGR-1/16/Report, www.fao.org/3/a-mr172e.pdf

> CGRFA/WG-AqGR-2/18/Report paragraphs 14-22, http://www.fao.org/fi/static-media/MeetingDocuments/AgqGenRes/
ITWG/2018/default.htm
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Classification of countries by region, economic class and level of

aquaculture production

Based on the reviews of the First Draft Report, it was recommended not only to analyse
data from Country Reports on a global basis, but also to break down the analyses by
region, by economic class of countries, and by the level of aquaculture production of
countries. The data from the 92 Country Reports were categorized accordingly. Analysis by
region was consistent with FAO's regional analyses of fisheries and aquaculture statistics
(Figure 1). Countries in all six regions responded, with the greatest relative levels of response
from North America (100 percent of countries) and Asia (64 percent) (Table 1).

FIGURE 1

The 92 reporting countries and their assignments to region*

Africa (27)

Algeria, Benin, Burkina Faso,
Burundi, Cabo Verde, Cameroon,
Chad, Democratic Republic of
the Congo, Djibouti, Egypt,
Ghana, Kenya, Madagascar,
Malawi, Morocco, Mozambique,
Niger, Nigeria, Senegal, Sierra
Leone, South Africa, Sudan,
United Republic of Tanzania,
Togo, Tunisia, Uganda, Zambia

Europe (17)

Belgium, Bulgaria, Croatia,
Czechia, Denmark, Estonia,
Finland, Germany, Hungary,
Latvia, Netherlands, Norway,
Poland, Romania, Slovenia,
Sweden, Ukraine

North America (2)

Canada, United States of
America

Asia (21)

Latin America
and the
Caribbean (18)

Oceania (7)

Armenia, Bangladesh, Bhutan, Cambodia, China,
Cyprus, Georgia, India, Indonesia, Iran (Islamic
Republic of), Iraq, Japan, Kazakhstan, Lao People’s
Democratic Republic, Malaysia, Philippines,
Republic of Korea, Sri Lanka, Thailand, Turkey,
Viet Nam

Argentina, Belize, Brazil, Chile, Colombia, Costa
Rica, Cuba, Dominican Republic, Ecuador,

El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama, Paraguay, Peru, Venezuela
(Bolivarian Republic of)

Australia, Fiji, Kiribati, Palau, Samoa, Tonga,
Vanuatu

*The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part
of FAO concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers and
boundaries. Dashed lines on maps represent approximate border lines for which there may not yet be full agreement.

Source: FAO
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TABLE 1
Number and percentage of countries that submitted Country Reports, by region

Region Total number of Number of reporting Percentage
countries countries
Africa 54 27 50
Asia 33 21 64
Europe 43 17 40
Latin America and the Caribbean 47 18 38
North America 2 2 100
Oceania 17 7 41

The reporting countries were also categorized by economic class. Classification of countries
by economic class in the Report is consistent with the categories used by the statistics unit
of the Fisheries and Aquaculture Department of FAO (FAO/FI).6 The distribution of the 92
reporting countries by economic class is shown in Table 2, with a minimum of 43-50 percent
of the total number of member countries being represented across the three classes.

TABLE 2
Number and percentage of countries that submitted Country Reports, by economic class
Economic class Total number of Number of reporting Percentage
countries countries
Developed Countries 58 25 43
Other Developing Countries 88 44 50
Least Developed Countries 50 23 46

Classification of countries with respect to the level of aquaculture production was
based on the reported level of aquaculture production. Countries were divided into two
categories based on aquaculture production statistics in FishStat) in 2016 (FAO, 2018):

e major producing countries — those that produced more than 1 percent of global aqua-

culture production each;

e minor producing countries — those that produced less than 1 percent each.

Eleven countries were classed as major producing countries, namely China, Indonesia,
India, Viet Nam, the Philippines, Bangladesh, the Republic of Korea, Norway, Egypt, Japan
and Chile. These countries collectively accounted for 91 percent of global aquaculture
production. All the major producing countries submitted Country Reports, while 44 percent
of the minor producing countries responded (81) (Table 3). Together, the 92 Country Reports
represent approximately 96 percent of global aquaculture production and over 80 percent
of global capture fisheries production.

¢ https://unstats.un.org/unsd/methodology/m49
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TABLE 3
Number and percentage of countries that submitted Country Reports, by level of
aquaculture production

Category Total number of Number of reporting Percentage
countries countries

Major producing countries " 1" 100

Minor producing countries 185 81 44

Current status of reporting on aquatic genetic resources
Every two years, FAO publishes The State of World Fisheries and Aquaculture (SOFIA).” The
process used to generate and analyse information for The State of the World’s Aquatic
Genetic Resources for Food and Agriculture is consistent with and complementary to that
of SOFIA. SOFIA covers issues of, inter alia, production, trade, consumption and sustainabil-
ity, as well as special topics of importance to fisheries and aquaculture.

The primary basis for reporting of aquaculture and capture fisheries production for
SOFIA is at the level of species or species items. FAO, as a repository for global statistics on
fisheries and aquaculture, strives for accurate and consistent information that is necessary
and useful to member countries and concerned parties. Towards that end, an Aquatic
Sciences and Fisheries Information System (ASFIS) List of Species for Fishery Statistics
Purposes (see Chapter 2) was previously developed to maintain and promote a standard
system of nomenclature for the analysis of the world’s aquatic species that are produced in
fisheries and aquaculture. Both the questionnaire on which Country Reports are based and
the Report used the ASFIS nomenclature. Much of the analysis in SOFIA is based on fisheries
and aquaculture statistics derived from FishStatJ, a software providing access to a number
of fishery datasets.

Organization of the Report

The Report is organized into ten chapters. The first chapter provides a summary of the
current status of aquaculture and capture fisheries and the markets for their products,
and summarizes the outlook for these sectors. It also introduces some standard nomen-
clature used to describe AqGR throughout the Report and recommended for broader
adoption. Chapters 2-9 deal primarily with the data from Country Reports on a range of
issues. Chapter 2 reviews the use and exchange of AqGR, primarily in aquaculture, and the
application of genetic technologies to AQGR. Chapter 3 explores the effects of drivers of
change on farmed AqGR and their wild relatives. Chapters 4 and 5 cover, respectively, the
status of in situ and ex situ conservation of AqGR. Chapter 6 identifies the stakeholders
in AqQGR and their roles in the conservation, sustainable use and development. Chapter
7 reviews national policies and legislation governing AqGR. Chapter 8 reviews research,
training and extension on AqGR, such as national coordination and networking. Chapter 9
deals with international collaboration on AqGR, including the roles of various mechanisms
and instruments through which countries cooperate. The final chapter clarifies the needs
and challenges that arise from the key messages identified in the preceding chapters.

7 www.fao.org/fishery/sofia/en
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Executive summary

Introduction

By definition, aquatic genetic resources (AqGR) for food and agriculture include DNA, genes,
chromosomes, tissues, gametes, embryos and other early life history stages, individuals,
strains, stocks and communities of organisms of actual or potential value for food and
agriculture. Enhancing knowledge on their global status is an indispensable step to raise
awareness on current and future needs and challenges for their conservation, sustainable
use and development.

The Report on The State of the World’s Aquatic Genetic Resources for Food and
Agriculture (the Report), as the first global assessment of the status of AQGR, represents an
important step forward in this regard. The main sources of information for the preparation
of this assessment were reports submitted by countries on the status of their AQGR within
national jurisdiction. Overall, 92 countries contributed to this country-driven process,
covering approximately 96 percent of global aquaculture production and over 80 percent
of global capture fisheries production.

The state of world aquaculture and fisheries

The most recent available data (from 2016) show that global fish production has risen to
around 171 million tonnes. Developing countries account for the majority of production
from both aquaculture and capture fisheries.

Production from capture fisheries has plateaued at about 91 million tonnes, with marine
fisheries making up around 87 percent of this total. According to consensus, production
from marine fisheries is unlikely to increase beyond current levels. On the other hand,
aquaculture, which represents 53 percent of the total food fish production, experienced
annual growth of about six percent in the period 2001-2016, and this growth is expected
to continue, albeit at a lower rate.

In 2016, global aquaculture production of aquatic genetic resources for food reached
a total of 110 million tonnes, including 80 million tonnes of fish and 30 million tonnes
of aquatic plants. There was a further 38 000 tonnes of non-food production. This total
production is derived from aquaculture operations conducted in freshwater, brackish water
and marine waters. The Asian region is the predominant aquaculture producer, accounting
for about 89 percent of world food fish production in 2016.

Due in part to general improvement in public awareness of the health benefits of aquatic
food, and expanding wealth in some countries, between 1961 and 2016 the average
annual increase in global food fish consumption (3.2 percent) outpaced population growth
(1.6 percent) and exceeded that of meat from all terrestrial animals combined (2.8 percent).
Approximately 3.2 billion people (42 percent of the world’s population) obtain 20 percent
or more of their animal protein intake from fish.

Production systems for farming fish and other aquatic organisms are highly diverse.
Although the number of farmed aquatic species is small relative to the over 1 800 species
harvested from capture fisheries, species use in aquaculture is also extremely diverse when
compared to other food production sectors. By 2016, almost 600 farmed species and/or
species items had been reported to the Food and Agriculture Organization of the United
Nations (FAO). The diversified portfolio of farmed AqGR is not comprehensively reported
to FAO for many aquatic organisms, including microorganisms, feed organisms, aquatic
plants, sea cucumbers, sea urchins, amphibians, reptiles and ornamental species.
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The use and exchange of aquatic genetic resources

Althoughthe regular reporting of production to FAO had already revealed the great diversity
of AQGR used in fisheries and aquaculture, the Country Reports referred to more than 250
species and species items that had not been previously reported to the Organization. Many
of the additional species reported were microorganisms, aquatic plants and ornamental
fish that are not listed in the Aquatic Sciences and Fisheries Information System (ASFIS),
the standard for reporting to FAO. A large number of farmed types identified were strains,
hybrids and polyploids that are categorized below the level of species and therefore not
included in the ASFIS list.

The process of preparing Country Reports highlighted issues with the lack of standard-
ization of nomenclature and terminology in describing AqGR. To this end, the Report has
adopted a relatively new term — farmed type — to describe farmed AqGR below the level
of species and has standardized the use of existing terminology (e.g. wild relative, hybrid,
strain and stock).

Although the Country Reports listed numerous farmed types used in aquaculture, these
were relatively few compared to the number of breeds, hybrids and varieties used in
livestock and crop production. Thus, aquaculture uses a high and expanding diversity of
species, while livestock and crop production uses a large diversity of breeds and varieties.
Policy-makers and fish farmers may need to make decisions in the future on whether
to try to farm more species to meet consumer and production demands, or to continue
to diversify existing species into more productive strains, as has occurred in terrestrial
agriculture. In either case, the use of standardized and consistent nomenclature will be
essential to understand, document and monitor the future conservation, sustainable use
and development of AqGR.

Due to the use of the ASFIS list and the existence of species-based information systems
that also use standard nomenclature, countries considered that their naming at the level
of species was accurate. However, at the farmed type level, i.e. below the level of species,
nomenclature and terminology were not consistent across the Country Reports.

The Country Reports indicated that non-native species are important in aquaculture.
Approximately 200 species or species items are farmed in areas where they are non-native,
and nine of the ten most widely cultured species are farmed in more countries where they
are non-native than in countries where they are native. Given that the movement of AQGR
between countries is an thus important part of the aquaculture sector, it will be essential for
this movement to be well documented with standard and appropriate nomenclature. This
will facilitate risk—benefit analysis and compliance with national and international policies.

Genetic data are generally available and used in aquaculture, with major producing
countries using the information more than the minor producing countries, and least
developed countries using information on AqGR to a lesser degree than other countries.
While genetic data may exist for wild relatives, these data are often not used in management.

As reported in the conventional scientific literature, the Country Reports indicated
that species farmed in aquaculture are very similar to their wild relatives; the wild type
was the most common farmed type reported by countries. Although the reporting of
different types of genetic resource management/improvement was higher than expected
— about 60 percent of the farmed types of reported species had undergone some kind
of genetic change - there is great potential to further improve aquaculture production
through the application of genetic technologies. Selective breeding was reported to be
the most widely applied genetic technology. However, adoption of this proven approach to
genetic improvement is relatively low, with published estimates indicating that only around
10 percent of global aquaculture production is of improved strains resulting from
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well-managed selective breeding programmes. Aquaculture geneticists project that
selective breeding alone could meet future demand for fish and fish products with few
extra inputs such as feed and land.

The Report and a review of successful examples of aquaculture development revealed
that public—private partnerships (PPP) can facilitate development of aquaculture and
uptake of appropriate genetic technologies. However, in many instances, governments and
private industry have not yet formed significant partnerships in the aquaculture sector.
Not all governments have the resources to facilitate aquaculture development, but such
partnerships could be further explored, especially for long-term selection programmes and
where governments have included aquaculture in their poverty alleviation and economic
policies.

Genetic technologies such as hybridization and polyploidization can produce significant
one-time gains in the short term, whereas longer-term technologies such as selective
breeding can produce gains generation after generation. New biotechnologies, such as
gene editing and genomic selection, also offer opportunities for genetic gain, but are
either at the experimental stage or in the early phases of adoption at present. Practical
application of genetic technologies appropriate to specific circumstances and consumer
acceptance of new biotechnologies will need to be addressed before they can become
widely used in aquaculture.

Unlike in terrestrial agriculture, the wild relatives of all farmed aquatic species still exist in
nature. This valuable resource needs to be protected and conserved. Wild relatives provide
key resources to aquaculture whether as broodstock, as sources of gametes and embryos, or
as early life history stages to be grown out under culture conditions or bred in captivity and
stocked into waterbodies to support capture fisheries. Additionally, most wild relatives are
also harvested in capture fisheries. However, in spite of policies and fishery management
plans, the abundance of wild relatives was reported to be declining in many instances.
Habitat loss and degradation were the main reasons cited for these declines.

Drivers and trends

The growing human population drives demand for fish and fish products, which in turn
will drive efforts to expand and diversify the farmed species produced. This will also exert
pressure on wild relatives.

Most aquaculture production occurs in freshwater environments. The demand for
freshwater for agriculture, urban supply, energy production and other uses will challenge
aquaculture to become more efficient in its resource use and to reduce its discharges. This
will require species adapted to such systems. An expansion into brackish water will drive
the demand for new brackish-water AqGR for culture. Wild relatives will be threatened by
changes in priorities related to the use of water. Pollution from industry, agriculture and
urban sources threatens the quality of water used both for aquaculture and to sustain wild
relatives.

Increasing levels of good governance are observed to have an overall beneficial effect on
AqGR for both farmed types and wild relatives. Impacts range from improved regulation of
farms and their operations to greater professionalization within the sector. Impacts on wild
relatives pertain to improved environmental management, better control of stocking and
movements, and higher levels of conservation and protection.

Accompanying increasing wealth in developing economies are greater intraregional and
interregional trade and increasing urbanization and industrialization, all of which drive
demand and preference for AQGR. There will be increasing consolidation and industriali-
zation of the production and supply of large-volume, internationally traded fish and fish
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products, which may mean that production becomes increasingly dominated by a small
number of species. There will also be increased emphasis on food safety and traceabil-
ity, which will present challenges for smaller operators and may limit their options for
production systems and the AqGR they employ. At the same time, there will be continuous
exploration of new AqGR species to satisfy the demand for new commodities and to fill
niche markets.

With changing demographics, consumer attitudes towards fish are also changing,
affecting acceptability and demand for different AQGR. Fish consumption is increasingly
recognized as part of a healthy and balanced diet. Correspondingly, increasing urbaniza-
tion will drive demand for fish and fish products, which will drive incentive to increase the
supply from aquaculture and, to some extent, from capture fisheries. Concern remains over
the use of genetic manipulation techniques in some markets, including consumer resistance
to genetically modified organisms (GMOs). This may also include resistance to other farmed
types (e.g. hybrids, triploids). There is increasing awareness regarding the unsustainable
exploitation of wild relatives, driving demand for farmed types.

Changes in the use of land, water, coastal areas, wetlands and watersheds all have
impacts on the quantity and quality of habitat for AQGR. Changes to watersheds are among
the principal factors that affect aquatic systems. Aspects that affect AqGR include damming
of rivers, drainage systems, flood control and flood protection, hydropower development,
irrigation, partitioning of wetlands and road construction. The establishment of invasive
species can have direct impacts on AgGR through competition or predation, as well as
indirect impacts on food webs and ecosystems that support wild relatives. Water pollution
has strong negative impacts, particularly in freshwater, and affects both wild relatives and
farmed AqGR.

Climate change will have an impact on freshwater availability, inevitably affecting both
farmed and wild AqGR. The potential overall impact on wild AqGR is difficult to determine,
but it will likely be negative in many areas. Some positive effects on farmed AqGR may
result from managed or natural selection for climate-tolerant characteristics.

In situ and ex situ conservation

Freshwater finfish are among the most threatened group of vertebrates utilized by
humans; the Country Reports listed many wild relatives that were declining in the wild.
Therefore, increased efforts at in situ and ex situ conservation of AqGR are warranted in
both freshwater and marine ecosystems. In situ and ex situ conservation of AqGR were
reported to be widely used and to be generally effective.

In situ conservation is the preferred strategy because it maintains populations of aquatic
plants, animals or microorganisms in the habitat, environment or culture system that gave
them their special characteristics and will allow them to continue to evolve. Additionally,
ex situ in vivo conservation is resource-intensive and prone to bring about genetic change
(e.g. through genetic drift, domestication selection and deliberate selection for commercial
traits). Ex situ in vitro conservation is currently only possible for male gametes, and not
practical for eggs or most embryos. Aquatic protected areas, both marine and freshwater,
are widely used to conserve AqGR in situ. Multiple-use protected areas that can be fished
and enjoyed recreationally allow AgGR to be both protected and sustainably used.

Countries reported that aquatic protected areas were highly effective at conservation
of AqGR. However, this result was heavily influenced by a few countries that reported
numerous protected areas that were very effective. The main objectives for protected
areas were reported to be preservation of aquatic genetic diversity and maintenance of
good strains for aquaculture production. It was somewhat surprising that helping adapt to
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impacts of climate change and to meeting consumer and market demands were cited as the
least important objectives for in situ conservation.

The importance of conservation as a goal for aquaculture facilities or fishery management
is highlighted by the fact that about 50 percent of countries reported it as being explicitly
included in their policies. Indeed, fisheries and aquaculture were seen to be effective
mechanisms for in situ conservation in about 90 percent of the country responses. The
collection of broodstock and early life history stages from the wild was seen as a component
of in situ conservation and as justification for maintaining habitats, at least to some extent,
in most areas. It appears clear that the “use” aspects of AQGR help to justify conservation
of aquatic habitats and biodiversity.

The concept of “on-farm in situ conservation of AqGR” is difficult to differentiate
from “on-farm ex situ conservation of AQGR” due to the relatively recent development
of farmed types. That is, fish farmers have not had the benefit of millennia of using and
conserving aquatic farmed types that terrestrial farmers have had with crops and livestock.
Fish farmers seek to improve AgGR as a first priority, not to conserve it. Those facilities that
are maintaining strains for aquaculture use under farming conditions are customarily called
ex situ in vivo conservation facilities.

Ex situ conservation is practised through several mechanisms, including aquaria and zoos,
botanical gardens and gene banks (which can be subdivided into in vivo captive breeding
programmes and in vitro collections). Currently, 75 percent of the responding countries
have ongoing ex situ conservation activities and programmes.

The Country Reports indicated that the most important objective for ex situ conservation
(both in vivo and in vitro) at the global level is the conservation of aquatic genetic diversity,
followed by future strain improvement in aquaculture and the maintenance of good strains
for future aquaculture production. This ranking was similar when countries were grouped
by region, by economic class and by level of aquaculture production. Multiple uses of
species in ex situ in vivo conservation collections were reported, including for direct human
consumption (the most often cited use), as live feed organisms and for a range of other
purposes, including for future domestication.

The role of stakeholders

Through participatory regional workshops, 12 distinct groups were identified as key stake-
holders in the conservation, sustainable use and development of AqGR. Government
resource managers, fishing or aquaculture associations and donors played the greatest
roles in the conservation, sustainable use and development of AqQGR, while consumers,
marketing people and fishers played lesser roles. Some differences were observed among
regions in terms of how each viewed stakeholder participation in the conservation,
sustainable use and development of AqGR of farmed species and their wild relatives. The
importance of indigenous communities in the conservation and protection of aquatic biodi-
versity and aquatic ecosystems of relevance for wild relatives of farmed AqGR is recognized
by nearly all countries. Women are important in the aquaculture sector in all countries,
although the qualitative information provided suggests that they may play a wider range
of roles in developed countries.

Out of ten identified categories of activity, conservation, production, marketing and
advocacy were the most common roles played by the 12 stakeholder groups. Stakeholder
interests in conservation, sustainable use and development of AqQGR were consistently
greatest at the species level, followed by the strain, variety and stock level and, lastly, at the
genome level. Little information was provided on what stakeholder groups would like to
see take place with respect to the conservation, sustainable use and development of AqGR.
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National policies and legislation

Management of AqGR for food and agriculture encompasses farming, fishing, breeding
and conserving these resources. Numerous policies and legal instruments (over 600) were
reported that address AqGR at the level of species. These policies often include fisheries
management, fishing closures, and restrictions on import/export of a variety of types of
AqGR. The monitoring and enforcement of these national policies, however, are often
constrained by the lack of human and financial resources.

Access and benefit-sharing regimes will be different for AqGR than for genetic resources
of crops and livestock. Unlike plant breeding, where domestication and stewardship of
improved varieties often resulted from farmers using and improving genetic resources
over millennia, the domestication and genetic improvement of many commercial aquatic
species have not taken place in centres of origin or as the result of the efforts of local fish
farmers. Genetic improvement of farmed aquatic species is more often carried out by large
companies or international institutions with modern breeding facilities, rather than by rural
farmers, and for many species it occurs outside the centre of origin of the species. Although
countries have taken steps to improve access to AqGR, they have encountered obstacles
in accessing or importing AqGR, primarily resulting from their own restrictive national
legislation. Measures that would facilitate access and benefit-sharing regimes include a
policy of risk-benefit analysis, an application of a precautionary approach and actions and
contingency plans agreed by the government, industry and conservation sectors.

Research, education, training and extension

In nearly all of the reporting countries there is at least one research institution and
one training and education centre dealing with the conservation, sustainable use and
development of AqGR.

Research on AqGR is covered under national research programmes in 80 percent of
the reporting countries. The most common theme for research was at the level of basic
knowledge of AQGR, and the strongest needs for research capacity building were in char-
acterization and monitoring of AqGR and in genetic improvement of these resources. The
most commonly reported areas of training globally were “genetic resource management”
and “characterization and monitoring of AqQGR"”. The least covered area was “economic
valuation of AqQGR".

Nearly 75 percent of countries reported on one or more intersectoral collaboration
mechanisms related to management and conservation of AqGR, with Asia reporting the
highest average number of mechanisms per country. Increasing the technical capacities of
institutes was reported to be the most important capacity requirement to strengthen inter-
sectoral collaboration. A similar proportion of countries reported the existence of national
networks with the major responsibility to improve communication on AqGR. Indeed, a high
number of national information systems on AqGR (over 170) were reported with major
producing countries having a higher number of information systems per country than
minor producing countries. The main users of national information systems on AqQGR were
academia and government resource managers. However, these information systems were
commonly focused at the level of species, their distribution and their production; there
were few systems that included information below the level of species.

International collaboration

International collaboration on AgGR of farmed aquatic species and their wild relatives was
reported to involve a wide range of mechanisms and instruments. The reported number of
international agreements of relevance to conservation, sustainable use and development
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of AgGR varied from 1 to 24 per country, with a total of 174 unique agreements on inter-
national collaboration reported. The impact that these international agreements have on
AqGR was assessed as being positive or strongly positive in approximately 85 percent of
cases.

In many cases, countries’ needs with respect to international collaboration on the
sustainable use, conservation and management were reported to remain unmet or to be
only partially met, highlighting the potential need to establish international networks.
Highest priority was given to collaboration on improving communication and capacities for
the conservation and economic valuation of AqGR, followed by collaboration on improving
basic knowledge, improving capacities for characterization and monitoring, improving
access to and distribution of AQGR and improving information technology and database
management. This underlines how the establishment of regional and international collab-
oration can be a key driver of successful conservation, use, management and development
of AQGR, as demonstrated by global and regional case studies on tilapias, common carp
(Cyprinus carpio) and Atlantic salmon (Salmo salar).

Key findings, needs and challenges

The final chapter of the Report includes a summary of the key features and characteristics of
AqGR, and specifically identifies areas where these differ from terrestrial genetic resources.
Relative to plant and animal genetic resources for food and agriculture, farming of most
AqGR is in its infancy and aquaculture is still evolving in the way it utilizes these resources.
Few distinct farmed types have been developed and these tend to be poorly character-
ized and are described using inconsistent nomenclature. Most farmed AgGR retain levels
of genetic variation similar to those of their wild relatives. Thus, compared to terrestrial
genetic resources, AQGR are characterized by a large and growing diversity of species but
relatively little development of distinct farmed types, contrasting with the focus on a few
species but a vast diversity of breeds and varieties in terrestrial animals and plants.

There are proven genetic technologies that have generated significant production gains,
particularly from well-managed selective breeding programmes, but adoption of these
technologies is relatively slow, limiting their impact on global aquaculture production to
date.

Wild relatives of all farmed AQGR still exist and are widespread, and there is a strong
interaction between farmed AqGR and their wild relatives. Much of aquaculture production
is reliant upon wild relatives as sources of broodstock and/or seed. Anthropogenic activities,
including capture fisheries, threaten the viability of some of these wild relative stocks.
While countries reported existence of both in situ and ex situ conservation programmes for
AqQGR there is a need to ensure that such programmes effectively manage genetic diversity
and are focused on the resources most at risk.

Non-native species contribute very significantly to aquaculture production, and exchange
of AQGR is commonplace. However it is often inadequately regulated, and this can lead
to negative consequences associated with invasive species. AqGR often occur in common
property water resources, including transboundary resources. Partly as a result of this and
the lack of regulation of germplasm exchange, breeders’ rights and access and benefit-
sharing arrangements are poorly developed for AqQGR future frameworks will differ
somewhat from those prevalent in other sectors.

Much remains to be done to improve the management of AqQGR. Action is needed across
all the following strategic priority areas: responses to sector changes and environmental
drivers; characterization, inventory and monitoring of AqGR; development of AgGR for
aquaculture; sustainable use and conservation of AqGR; and development of policies,
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institutions, capacity building and cooperation. The final chapter identifies approximately
40 specific needs and challenges across these strategic priority areas.

It is hoped that the Report will serve as a catalyst for future action. The information it
contains provides an excellent basis for identifying strategic priorities for action, establish-
ing mechanisms to implement these actions, and identifying the required resources and
institutional capacities for effective implementation.

XXXVi



CHAPTER 1

The state of world ac
and fisheries




CHAPTER 1

PURPOSE: The purpose of this chapter is to present an overview of the state of the
world’s aquaculture and capture fisheries production, including its regional distribution,
production systems and species utilization. The overview covers current global trends in
both aquaculture and capture fisheries and focuses on the role of diverse aquatic genetic
resources (AqGR) in these sectors. The chapter also presents some important standard-
ized terminology that is utilized throughout the Report. The final section presents a brief
outlook on fisheries and aquaculture in the coming years.

KEY MESSAGES:

Aquaculture represents 47 percent of total fish production and 53 percent of food fish
production.

Although the rate of growth in aquaculture production has slowed in recent decades, it is
still running at 5.8 percent per annum. This rate is projected to fall to 2.1 percent leading
up to 2030.

Aquaculture production systems are highly diversified. The majority of aquaculture
production (64 percent) comes from inland aquaculture.

A significant component of aquaculture production remains dependent on wild relatives
and thus aquaculture and capture fisheries are closely linked production systems.

Capture fisheries production has been stable over the past two decades. Marine capture
fisheries make up 87.2 percent of harvests, but are not growing, while production from
inland capture fisheries continues to grow.

Only 7 percent of global marine fish stocks are underfished with 60 percent of marine fish
stocks considered maximally sustainably fished. However, the proportion of stocks that are
unsustainably fished (33.1 percent in 2015) continues to grow.

Developing countries account for the majority of production from both aquaculture and
capture fisheries.

The wide diversity of aquatic organisms for food and agriculture is derived from multiple
phyla and encompasses around 2 000 species (554 currently used in aquaculture and 1 839
currently fished).

While there are drivers, such as niche market demands, supporting continuing species
diversification in aquaculture, there are also drivers of consolidation of commercial-scale
production around a small number of species.

While there is good, if incomplete, information on species used in aquaculture and harvested
from capture fisheries, there is a paucity of information below the level of species (stocks
and farmed types) and a low-level understanding of genetic diversity at this level, which
constrains effective management, development and conservation of these aquatic genetic
resources.

Unlike domesticated crops and livestock, where many breeds and varieties have been
developed, are well established and have been recognized for centuries or millennia, aquatic
species have a much smaller number of traditionally recognized strains and stocks of a few
species, limiting the adaptive capacity of these species to culture under varying conditions.

The use of genetic information in management depends on availability of accurate
information and baseline data. Current information systems such as the Aquatic Sciences
and Fisheries Information System (ASFIS) do not record information on strains or stocks
(i.e. below the level of species).
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1.1 Global trends in fisheries and
aquaculture

By 2016, total global fish® production had risen
to a level of around 171 million tonnes, with
aquaculture representing nearly 47 percent of
this total and 53 percent if non-food uses (such as
reduction to fishmeal and fish oil) are excluded.®
Figure 2 illustrates that the contribution of
aquaculture to total global fish production has
risen continuously over the past 25 years, with
the aquaculture share up from just 25.7 percent
in 2000. If China, the world’s largest aquaculture
producer, is excluded from global production
data, aquaculture’s share of production in the
rest of the world reached 29.6 percent in 2016, up

8 Unless otherwise specific, the term “fish” includes finfish,
crustaceans, molluscs and other aquatic animals, such as frogs
and sea cucumbers for human food, but excludes aquatic
mammals, reptiles, seaweeds and other aquatic plants.

This chapter draws significantly on content from the FAO
biennial reports on the State of World Fisheries and Aquaculture
(SOFIA), particularly the latest data available from the SOFIA
published in 2018 (FAO, 2018a).

©

FIGURE 2

from 12.7 percent in 2000 (data not shown). If we
consider all forms of production, total aquaculture
production now exceeds capture fisheries
production (Figure 3). In 2016, 37 countries were
producing more farmed than wild-caught fish.

Production from capture fisheries has
plateaued, while aquaculture experienced
growth of about 6 percent per year over the
period 2001-2016 (Figure 2). More aquatic species
are being farmed now than ever before.

At the same time that pressure is being placed
on aquaculture to expand production to meet
increased demands for fish and fish products,
existing aquaculture production systems are
facing significant challenges in terms of available
space and competition for water and feed
resources, alongside health and genetic concerns.
Despite these constraints, aquaculture continues
to grow, and in fact represents the world’s fastest
growing food production sector (FAO, 2018a). The
breakdown of production from capture fisheries
and aquaculture in inland and marine waters in
recent years is summarized in Table 4 relative to

Contribution of aquaculture to total fish production excluding aquatic plants, 1991-2016
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FIGURE 3

Total global fisheries and aquaculture production, including aquatic plants and non-food

production, 1986-2016
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utilization of this production by the expanding tonnes of other aquatic animals, including

global population.

1.2 The state of world aquaculture

In 2016, global aquaculture production reached
a total of 110 million tonnes, including 80 million
tonnes of food fish and 30 million tonnes of
aquatic plants. There was a further 38 000 tonnes
of non-food production of shells and pearls.
Aquaculture food production had an estimated
first sale value of USD 232 billion (FAO, 2018a).
This production is derived from aquaculture
operations conducted in freshwater, brackish
water and marine waters. In 2016, farmed food
production comprised 54.1 million tonnes of
finfish (USD 138.5 billion), 17.1 million tonnes
of molluscs (USD 29.2 billion), 7.9 million tonnes
of crustaceans (USD 57.1 billion) and 0.9 million

amphibians (USD 6.8 billion) (FAO, 2018b), as
illustrated in Figure 4.

Aquaculture production significant
differences between regions. The Asian region is
the predominant producer, accounting for about
89 percent of world food fish production in 2016
(Table 5).

World production of farmed food fish relies
increasingly on inland aquaculture, which is
typically practised in a freshwater environment
in most countries. Earthen ponds remain the
most commonly used type of facility for inland
aquaculture production, although raceway tanks,
above-ground tanks, pens and cages are also
widely used if local conditions permit. Rice—fish
culture remains important in areas where the
practice is traditional, but it is also expanding
rapidly elsewhere, especially in Asia. In 2016,
inland aquaculture was the source of 51.4 million

shows
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TABLE 4

World production from capture fisheries and aquaculture and its utilization relative to global
population and per capita food fish supply, 2011-2016 (million tonnes)’

2011 2012
Production system
Capture
Inland 10.7 11.2
Marine 81.5 78.4
Total capture 92.2 89.5
Aquaculture
Inland 386 42.0
Marine 232 244
Total aquaculture 61.8 66.4
Total world fisheries and aquaculture 154.0 156.0
Utilization?
Human consumption 130.0 136.4
Non-food uses 24.0 19.6
Population (billions) 7.0 71
Per capita food fish supply (kg) 18.5 19.2

2013 2014 2015 2016
11.2 1.3 1.4 11.6
79.4 79.9 81.2 793
90.6 91.2 92.7 90.9
44.8 46.9 48.6 514
254 26.8 27.5 28.7
70.2 73.7 76.1 80.0
160.7 164.9 168.7 170.9
140.1 144.8 148.4 151.2
20.6 20 203 19.7

7.2 7.3 7.3 7.4
19.5 19.9 20.2 20.3

Source: FAO, 2018a (fisheries data) and United Nations, 2017 (population data).

Note: Rounding effects may mean some column totals do not sum up exactly.

" The term “food fish” includes finfishes, crustaceans, molluscs and other aquatic animals such as frogs and sea cucumbers for human
food, excluding seaweeds and other aquatic plants, aquatic mammals and crocodiles.

2 Utilization data for 2014-2016 are provisional estimates.

tonnes of food fish, or 64.2 percent of the world’s
farmed food fish production, as compared
with 57.9 percent in 2000. Finfish farming still
dominates inland aquaculture, accounting
for 92.5 percent (47.5 million tonnes) of total
production from inland aquaculture (FAO, 2018a).

Marine aquaculture, also known as mariculture,
takes place in the sea in a marine water
environment, while coastal aquaculture occurs
within completely or partially human-made
structures in areas adjacent to the sea, such
as coastal ponds and gated lagoons. Salinity is
less stable in coastal aquaculture with saline
water than in mariculture because of rainfall
or evaporation, depending on the season and
location. At a global level, it is hard to distinguish
between mariculture and coastal aquaculture
production, mainly because of the aggregation

of production data from several major producing
countries. Most of the finfish production reported
under marine and coastal aquaculture in Africa,
the Americas, Europe and Oceania is produced
through mariculture. The Food and Agriculture
Organization of the United Nations (FAO)
recorded 28.7 million tonnes (USD 67.4 billion) of
food fish production from mariculture and coastal
aquaculture combined in 2016 (FAO, 2018a).
In sharp contrast to the dominance of finfish in
inland aquaculture, shelled molluscs (16.9 million
tonnes) constitute 58.8 percent of the combined
production of marine and coastal aquaculture.
Finfish (6.6 million tonnes) and crustaceans
(4.8 million tonnes) together were responsible for
39.9 percent (FAO, 2018a).

The rate of growth of aquaculture production
has declined since the 1980s and 1990s

CHAPTER 1: THE STATE OF WORLD AQUACULTURE AND FISHERIES ‘ 5




CHAPTER 1

FIGURE 4

Total world aquaculture production of food fish and aquatic plants, by sector, 1990-2016
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Source: FAO, 2018b.

when annual growth rates were 10.8 percent and
9.5 percent respectively. Nevertheless, aquaculture
continues to grow faster than other major food
production sectors. Annual growth declined
to 5.8 percent during the period 2001-2016,
although double-digit growth still occurred in a
small number of individual countries.

Table 6 illustrates that, over the five-year
period of 2012-2016, average annual growth
rate was highest in the African region, albeit
from a low base, with Asia continuing to grow at

2005

2010 2015

Finfish (inland aquaculture)
[ Molluscs (all aquaculture)

Crustaceans (inland aquaculture)

approximately 6 percent per annum. Oceania and
Europe have the lowest average rate of growth
of aquaculture over this period at approximately
2 percent per annum.

Declining production in some industrialized
countries that were previously major regional
producers (most notably France, Italy, Japan and
the United States of America) (FAO, 2016a) is
driven mainly by the availability of fish imported
from other countries, where production costs are
relatively low.
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TABLE 5
Aquaculture production of main groups of food fish species by region, 2016 (thousand tonnes, live
weight)

Africa Asia Europe Latin North Oceania World
America America
and the
Caribbean

Inland aquaculture
Finfish 1954 43983 502 879 194 5 47 516
Crustaceans 0 2965 0 0 68 0 3033
Molluscs 286 286
Other aquatic animals 531 1 531
Subtotal 1954 47765 502 879 262 5 51367
Marine and coastal aquaculture
Finfish 17 3739 1830 739 168 82 6575
Crustaceans 5 4091 0 726 1 6 4829
Molluscs 6 15 550 613 360 214 112 16 853
Other aquatic animals 0 402 0 5 407
Subtotal 28 23781 2443 1824 383 205 28 664
All aquaculture
Finfish 1972 47722 2332 1617 362 87 54 091
Crustaceans 5 7 055 0 726 69 7 7 862
Molluscs 6 15835 613 360 214 112 17139
Other aquatic animals 0 933 0 1 5 939
Total 1982 71 546 2945 2703 645 210 80 031

Source: FAO, 2018b.
Note: The symbol “0” represents production quantity below 500 tonnes; “...” represents production data unavailable. Rounding effects
may mean some column totals do not sum up exactly.

TABLE 6
Annual growth rate (in percent) of total aquaculture production, by region, 2012-2016

2012 2013 2014 2015 2016 Average rate of growth
Africa 7.1 57 7.0 58 7.7 6.7
Asia 9.1 8.5 3.7 4.7 4.6 6.1
Europe 6.9 =315 6.4 1.3 0.1 2.2
i America el 75 0.4 167 45 17 44
North America 6.8 -1.4 -6.0 9.4 5.2 2.8
Oceania =310 -2.4 48 =510) 10.5 1.8

Source: FAO, 2018b.
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1.3 The state of world fisheries

The harvest from marine and inland capture
fisheries was about 91 million tonnes in 2016, and
has plateaued at approximately this level over the
past two decades (Figure 5).

1.3.1  Marine fisheries

The status of marine fisheries is based on an
in-depth analysis of more than 450 fish stocks
(FAO, 2018a). Though the world’s marine fisheries
expanded continuously to a production peak
of 86.4 million tonnes in 1996, they have since
exhibited a general declining trend, sitting at
79.3 million tonnes in 2016. This still represents
87.2 percentofglobal capturefisheries production,

FIGURE 5

with almost half of this production coming from
temperate areas (FAO, 2018a). The fraction
of assessed stocks fished within biologically
sustainable levels has exhibited a decreasing trend,
declining from 90 percent in 1974 to 66.9 percent
in 2015 (Figure 6). In 2015, 33.1 percent of fish
stocks were estimated as fished at a biologically
unsustainable level, and therefore overfished.
Of the total number of stocks assessed in 2015,
fully fished stocks accounted for 59.9 percent
and underfished stocks declined to just
7.0 percent.

Asia harvests the majority of marine fish
stocks (54 percent), followed by Europe and
Latin America and the Caribbean (Table 7). As
is the case with global aquaculture, there are

Production from marine and inland capture fisheries, 1950-2016 (live weight)
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FIGURE 6

Global trends in the status of world marine fish stocks, 1974-2015 (percentage)
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a relatively small number of species or species
items that make up the majority of marine fishery
yields.

Table 17 lists the major species or species items
that yield a million tonnes or more per annum,
including the highest yielding Alaska pollock
(Gadus chalcogrammus) and the anchoveta
(Engraulis ringens).

1.3.2 Inland fisheries

Global inland fishery harvests, unlike those in marine
fisheries, have risen steadily since 1988, and were
close to 12 million tonnes in 2016 (Figure 5). FAO
does not have a system for tracking the status of

Biologically unsustainable

inland fisheries in the way that it does for marine
fisheries, in part due to the fact that most of the
catch comes from developing countries and the
absence of monitoring of individual fisheries.
Production from inland capture fisheries is thus not
well understood, and the majority of the catch is not
identified to the species level when reported to FAO
(Bartley et al., 2015). There are, however, credible
reasons to believe that the production figures
reported to FAO are underestimated (Bartley et al.,
2015; FAO, 2018 a,b). Asia harvests the most from
inland fisheries, accounting for 66 percent of global
production; Africa is responsible for approximately
25 percent of production (Table 8).
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TABLE 7

Production of global marine capture fisheries, excluding aquatic plants, by region, 2016 (thousand
tonnes, live weight)

Geographical region Production Percentage of global total
Africa 6415 8.1
Asia 42 531 53.6
Europe 13 259 16.7
Latin America and the Caribbean 9658 12.2
North America 6007 7.6
Oceania 1414 1.8
Total 79 285 100

Source: FAO, 2018b.
Note: Rounding effects may mean some column totals do not sum up exactly.

TABLE 8
Global production from inland capture fisheries, by region, 2016 (thousand tonnes, live weight)
Geographical region Production Percentage of global total
Africa 2864 24.6
Asia 7713 66.3
Europe 441 3.8
Latin America and the Caribbean 549 4.7
North America 53 0.2
Oceania 18 >0.1
Total 11637 100

Source: FAO, 2018b.
Note: Rounding effects may mean some column totals do not sum up exactly.

Unlike for marine waters, where fishing 1.4 Consumption of aquatic
pressure is a major determinant of the status of genetic resources
fisheries, for inland waters it is often other factors
external to the fishery sector that exert a major
influence on the status of fisheries (FAO, 2016a). 1.4.1  The role of aquatic genetic
Habitat condition, water quality and connectivity ~resources for nutrition and food security
of waterbodies often influence inland fisheries The majority of capture fishery production and
more than fishing pressure. nearly all of aquaculture production are destined
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for direct human consumption, although some
by-products may be used for non-food purposes.
Fish and fish products play a crucial role in
nutrition and global food security. They are an
excellent source of nutrients and micronutri-
ents and can play a vital role in a diversified and
healthy diet. People have never consumed as
much fish as they do today.

Between 1961 and 2016, the average annual
increase in global food fish consumption
(3.2 percent) outpaced population growth
(1.6 percent) and exceeded that of meat from all
terrestrial animals combined (2.8 percent). In per
capita terms, food fish consumption grew from
9.0 kg in 1961 to 20.2 kg in 2015, at an average
growth rate of about 1.5 percent per year. This
increase has been driven by increased production,
but also by other factors, including reduced
wastage and more efficient utilization, improved
distribution, and growth in demand associated
with population growth and rising incomes
(FAO, 2018a).

Public awareness of the health benefits of
aquatic food has improved and grown in recent
years as consumers have become more health
conscious, particularly in middle-income and
developed markets. In lower-income markets, the
importance of fish as a good source of protein,
vitamins and minerals, is becoming more widely
recognized along with its role in addressing
nutritional deficiencies and contributing to the
health of pregnant women and the neurodevel-
opment of children. Fish and fish products are
excellent sources of quality protein, with the bio-
availability of protein being 5-15 times higher
than that from plant sources. Additionally, fish,
especially marine-derived fish, contain several
amino acids essential for human health. Even
where per capita fish consumption is low, small
quantities of fish can provide essential amino
acids, fats and micronutrients that are often
lacking in vegetable diets (FAO, 2018a). While
fish are not without food safety risks, it is now
broadly recognized that the positive effects of fish
consumption outweigh the potential negative
effects (FAO/WHO, 2011).

Globally, fish and fish products provide an
average of only 34 calories per capita per day,
but in some countries this can exceed 130 calories
per capita. In 2015, fish accounted for about
17 percent of animal protein and 7 percent of all
proteins consumed worldwide. Approximately
3.2 billion people (42 percent of the world’s
population) obtain 20 percent or more of their
animal protein intake from fish; in a few countries,
this figure is over 50 percent (FAO, 2018c).

Fish consumption varies widely between
countries and regions and is at least three times
higher in developed countries than in low-income
food-deficit countries. Despite the lower
consumption of fish in developing countries, fish
still accounts for a higher proportion of animal
protein intake than in developed countries (in
2015, fish accounted for 11.4 percent of animal
protein intake in developed countries compared
to 26.0 percent in least developed countries). Asia
accounts for more than two-thirds of global food
fish consumption (at 24 kg per capita per year),
with Africa and Oceania consuming the lowest
share (FAO, 2018c). In line with its dominance
in fish production, China is by far the largest
consumer of fish (38 percent of the global total
in 2015), with per capita consumption of 41 kg
per year. This contrasts with Africa, where the
population is growing at a higher rate than fish
supply, with only 9.9 kg per capita consumption.
The lowest levels of fish consumption occur in
Central Asia and some landlocked countries.

In line with the relative growth in production
(Figure 3), the share of farmed fish in human
diets has increased rapidly, with the contribution
from aquaculture exceeding the contribution
of wild-caught fish in the diet in 2013. By 2030,
aquaculture is expected to provide 60 percent
of fish available for human consumption. Trade
in fish products is also rising, particularly among
developing countries, and is likely to grow further,
impacting the role of fish in food security and
nutrition. In 2016, about 35 percent of global fish
production entered international trade in various
forms, for human consumption or as non-food
products. The total export value of this trade
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was USD 129 billion, of which USD 70 billion was
accounted for by exports of developing countries
(HLPE, 2014). This international fish trade can
have mixed impacts on the well-being and food
security and nutrition of local fishing populations.

The High Level Panel of Experts (HLPE, 2014)
noted that “limited attention has been given
so far to fish as a key element in food security
and nutrition strategies at national level and
in wider development discussions and inter-
ventions”. As debates about fisheries have tra-
ditionally concentrated on issues of biological
sustainability and on the efficiency of fisheries,
inadequate attention has been paid to issues
linked to their contribution to reducing hunger
and malnutrition and to supporting livelihoods.
There remains considerable scope for increasing
the amount of fish, and nutrients derived from
fish, for human consumption through more
efficient harvest, post-harvest and aquaculture
practices. Similarly, increased consumption of
fish, and particularly its addition to the diets of
low-income populations, offers important means
for improving food security and nutrition.

1.4.2 Non-food uses of aquatic
genetic resources

Non-food uses of aquatic genetic resources
(AqQGR) include animal feeds (including
aquaculture feeds), ornamental fish, pearls and
seashells, bait, pharmaceuticals and biofuels.
Data on non-food usage are often not recorded
and collected alongside usage for food; such
usage is not well understood. Table 4 reports
the non-food use component of production of
AqGR at 19.7 million tonnes in 2016, represent-
ing 11.5 percent of global production. However,
the majority of this reported use relates to the
reduction of wild catch into fishmeal and fish
oils (FAO, 2018a) and seaweed harvested for
extraction of phycocolloids,’ in which most of
the AqGR utilized would be of species that, due
to not being farmed, are outside the scope of

0 See thematic background study Genetic resources for farmed
seaweeds http:/Awvww.fao.org/aquatic-genetic-resources/
background/ sow/background-studies/en/

the Report. Microorganisms are cultured for a
range of applications, including as larval fish
diets, as probiotics, as components of food
supplements, and potentially as biofuels (see
Box 6)." However, the production of micro-
organisms is rarely reported in aquaculture
production statistics. It is estimated that only
37 900 tonnes of aquaculture production (less
than 0.05 percent) are for non-food uses (FAO,
2018a).

Non-food applications of AQGR are not a
focus of the Report. However, FAO does include
ornamental fish in its consideration of AqQGR for
food and agriculture, but here, also, reliable data
are not commonly available. The global trade in
ornamental fish has grown significantly in recent
times, and the value of exports is estimated
at USD 372 million annually, with the majority
of this made up of freshwater species (annual
trade in marine ornamentals is thought to be
worth around USD 44 million)."” Some data are
available on the value of imports and exports,
but no data are available on the number of fish
traded. Monticini (2010) reports on an analysis
of the ornamental fish industry based on data
from 2007/08. At that time, it was estimated that
there were 100 countries exporting ornamental
fish, but with few major suppliers. Asia is the
main region for production, representing over
50 percent of the global export value. In 2007,
ornamental fish were imported into an estimated
130 countries, with the United States of America
and some European countries as the major
importers. Freshwater fish represented 95 percent
of the total volume and 80 percent of the value
of these imports with the balance made up of
marine finfish and invertebrates. This extensive
movement of live AQGR for the ornamental trade
may have significant impact on biodiversity and
biosecurity.

See also the thematic background study Genetic resources for
microorganisms of current and potential use in aquaculture
http://Awww.fao.org/aquatic-genetic-resources/background/sow/
background-studies/en/

As reported by FAO (www.fao.org/in-action/globefish/
news-events/details-news/en/c/469648).
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1.5 Diversity of aquaculture
production systems

With the wide diversity of farmed species items,
global aquaculture production systems are highly
diverse. They cover a range of systems, which
can be classified by the intensity of production
(extensive, semi-intensive and intensive),' by types
of aquatic environments (freshwater, brackish
water and marine water), by whether feeding is
required (fed and unfed systems) and by the level
of integration with other production systems (e.g.
monoculture, polyculture, integrated farming).
Examples of such systems can be found in every
inhabited region of the world.

These systems also have different characteris-
tics with respect to the diversity and use of AqGR,
ranging from the use of wild-caught seed or
broodstock through to using domesticated and
improved strains. The diversity of aquaculture

3 Intensive systems are characterized by high stocking densities
and full dependence on artificial feeds; semi-intensive systems
have lower stocking densities and rely to some extent on natural
feed often supplemented with artificial feeds; and extensive
systems are low density and depend fully on naturally available
feed.

TABLE 9

systems, the species or species items typically
produced in these systems and the common
sources of broodstock and/or seed are summarized
in Table 9.

1.5.1 Stock enhancement systems
Stock enhancement sits at the interface between
aquaculture and capture fisheries, commonly
involving the stocking of aquaculture-produced
organisms into the natural environment. Formal
stocking programmes are generally recognized as
an important tool to compensate for declines in
fishery production due to reduced recruitment and
loss of species diversity. While stocking programmes
are widely implemented in many countries across a
variety of aquatic habitats, they are predominantly
seen in inland waters. The major exceptions are
salmon stocking and ranching (e.g. Japan).

In developing countries, the objective of
stocking is typically related to improved food
security. Given that most inland water systems
have attained their maximum potential for
natural production, increasing demand for fish
and fish products is driving fisheries managers to
look to stock enhancement as a means to increase
fishery yields (FAO, 2015a). In many countries, this

Categories of aquaculture systems, indicating the species or species items typically cultured, and the
common sources of broodstock and/or seed used in these systems

System type Typical species or species items

Source of seed stock  Source of broodstock

Marine finfish: Atlantic salmon (Salmo salar), pompano

Industrial/high-
technology systems,
including recirculating
aquaculture systems

Marine crustaceans: Penaeus vannamei

channel catfish (Ictalurus punctatus)

Freshwater finfish: rainbow trout (Oncorhynchus mykiss),
pangasius, tilapia, common carp (Cyprinus carpio), sturgeon,

Captive broodstock;
selective breeding and other
genetic improvements;
domestication programmes

Hatcheries

Marine finfish: bluefin tuna, groupers, lobster, mangrove

. : T
Higher-value species gelis

fattening systems

marmorata)

Marine/brackish-water finfish: mullet, milkfish (Chanos

Lower-value species chanos)
fattening systems

African catfish (Clarias gariepinus)

Freshwater finfish: European and Japanese eel (Anguilla
anguilla and A. japonica), marbled goby (Oxyeleotris

Wild captured from

targeted fisheries Gt

Freshwater finfish: giant snakehead (Channa micropeltes),

(Cont.)
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TABLE 9 (Cont.)

Categories of aquaculture systems, indicating the species or species items typically cultured, and the
common sources of broodstock and/or seed used in these systems

Medium technological
level commercial finfish
and crustacean fed
systems

Higher-value mollusc
systems

Low technology/
artisanal and backyard
systems

Integrated or mixed
systems

Aquaculture feed

species

Food supplements

Seaweeds/aquatic

plants

Aquarium fish and
other species

Marine/brackish-water finfish: turbot, seabream,
European seabass (Dicentrarchus labrax), Asian seabass
(Lates calcarifer), milkfish, snappers, cobia (Rachycentron
canadum)

Marine crustaceans: Penaeus monodon

Freshwater finfish: tilapia, pangasius, Indian major carps,
Chinese carp

Freshwater crustaceans: river prawn spp., crayfish spp.,
Chinese mitten crab (Eriocheir sinensis)

Marine/brackis-water molluscs:

Fed systems: abalone, whelk spp.

Unfed systems:

Lantern net systems: scallop

Lines: green-lipped mussel (Perna canaliculus)
Racks/poles: Pacific and European oyster systems
Open water: giant clam

Marine finfish: rabbitfish, milkfish, scats

Freshwater finfish: Indian carp (Catla catla), common carp,
Chinese carp, tilapia, catfish, snakehead, climbing perch
(Anabas testudineus), silver barb (Barbonymus gonionotus),
snakeskin gourami (Trichopodus pectoralis), giant gourami
(Osphronemus goramy), pacu (Piaractus mesopotamicus)

Marine/brackish water: mangrove/aqua-silviculture (crab/
shrimp/trap pond systems)

Freshwater: rice-fish (common carp, barbs, tilapia, channel
catfish); rice—crayfish, rice—crab, rice-turtle

Freshwater/brackish water: ricefish/rice-prawn rotation
systems (tilapia, mixed brackish-water fish, shrimp, river
prawn)

Freshwater: wastewater improvement systems (aquatic
plants and/or molluscs/herbivorous fish)

Marine: integrated multi-trophic systems (seaweeds;
invertebrates — scallops, mussels, sea cucumber, sea urchin;
finfish cages)

Invertebrates (e.g. polychaete worms)
Zooplankton (e.g. Moina spp.)

Phytoplankton (e.g. Chaetoceros, Chlorella, Skeletonema,
Tetraselmis, Isochrysis spp.)

Zooplankton (e.g. Artemia spp.)

Spirulina spp.

Marine: seaweeds (e.g. Eucheuma, Gracilaria, Laminaria,
Porphyra spp.)

Freshwater: aquatic plants (e.g. Jpomoea spp., watercress),
including ornamental/aquarium plants

~1 500 marine fish, ~200 coral species.

Up to ~1 000 freshwater species.

Also significant use of exotic species outside of their natural
range.

Hatcheries

Hatcheries

Hatcheries

Trapped wild species
ongrown; hatcheries

Mainly hatcheries

Mostly hatchery raised or
vegetative growth (e.g.
seaweed)

Hatcheries

Wild collection

Hatcheries

Hatcheries and
vegetative reproduction

At least 80 percent of
freshwater ornamentals
are hatchery bred.

Only a few species of
marine ornamentals are
hatchery bred
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Captive broodstock used
from grow-out systems; no/
limited selective breeding;
some genetic material

from wild relatives used for
broodstock

Captive broodstock

Broodstock maintained
on-farm or held in hatchery;
quality of strain ranges
between highly inbred
on-farm strain to genetically
well-managed national
broodstock systems

Wild broodstock;
hatchery-maintained
broodstock

Hatchery-maintained
broodstock

Mainly on-farm stock
or hatchery-maintained
broodstock

Hatchery-maintained strains
or use of farm stock (in the
case of worms)

Inoculation of open waters
with maintained strains; wild
relatives naturally recruited

Maintained strains
Maintained stock or

hatchery-held strains

Hatchery-maintained
broodstock



process is advanced and the infrastructure has
been developed to provide the required amount
of fingerlings for stocking.

Developed countries may place less
emphasis on stocking programmes for fish
for human consumption; instead, stocking is
often implemented (either through private or
government funding) to sustain recreational
fisheries or as part of conservation initiatives
(Table 10).

There are five types of fishery enhancement
systems (Table 11) that utilize AqGR (Lorenzen,
Beveridge and Mangel, 2012). These are either
aquaculture-related activities using farmed types

TABLE 10

or individuals produced in hatcheries for release
to meet conservation or capture fishery objectives.
In the latter case, these will be targeting stocks
of wild relatives. Each of these systems has a
different primary purpose and involves different
management practices.

If conditions are conducive and the
enhancement measures are well designed, these
enhancements can be effective in increasing
fisheries yields for food or income, or as opportu-
nities for recreational fishing and wider socio-eco-
nomic benefits. In practice, many enhancements
have been either ineffective or have caused
demonstrable ecological damage (FAO, 2015a).

Differing use and management strategies for inland water fisheries between developed temperate

and developing tropical countries

Developed temperate countries

Objectives Conservation
Recreation

Management Recreational fisheries

approaches Habitat restoration

Environmentally sound stocking
Intensive, discrete, industrialized aquaculture

Net consumer
Capital-intensive
Profit

Economic aspects

Source: Welcomme and Bartley, 1998a, 1998b.

TABLE 11

Developing tropical countries

Provision of food
Income/livelihoods

Food fisheries

Habitat modification

Enhancement through intensive stocking and management
of ecosystem

Extensive, integrated, rural aquaculture

Net producer
Labour-intensive
Production

The five types of fishery enhancement systems that involve stocking

Enhancement type

Primary purpose(s)

Increased fish production

Culture-based fisheries and ranching

Creation of recreational fisheries

Biomanipulation

Sustaining and improving fisheries in the face of intensive exploitation

Stock enhancement

Sustaining and improving fisheries in the face of habitat degradation

Restocking

Rebuilding depleted populations

Reducing extinction risk

Supplementation

Conserving genetic diversity

Reintroduction

Source: Lorenzen, Beveridge and Mangel, 2012.

Re-establishing a locally extinct population
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In most cases, the need for introductions
arises because of human activities. Many newly
constructed reservoirs lack native species capable
of fully colonizing lentic waters, and there is
interest in developing commercial fisheries
through species introduction, for example:

e Limnothrissa miodon (Tanganyika sardine)

introduced in Lake Kariba (Zambia/
Zimbabwe);
e Neosalanx taihuensis (Chinese icefish)

introduced into many Chinese reservoirs;

e Cyprinus carpio (common carp) in Lake
Naivasha and Tana River hydroelectric dams
(Kenya);

e Lates niloticus (Nile perch) fishery in Lake
Victoria (Uganda/Kenya);

e Oreochromis niloticus and O. mossambicus
(Nile tilapia and Mozambique tilapia) in
Sri Lankan freshwater irrigation tanks and
reservoirs.

Much of the stocking that takes place in Asia
can be more narrowly classified as culture-based
fisheries. Culture-based fisheries and ranching
systems are used to maintain stocks that do
not recruit naturally (i.e. they are not self-
reproducing), and, typically, the seed for stocking
is derived from aquaculture hatcheries. Some of
these culture-based systems are relatively closed,
take place in human-made waterbodies or highly
modified waterbodies, and thus can be considered
an extensive form of aquaculture.

Recreational fisheries also engage in
the stocking of open waters and rivers to
enhance these fisheries (e.g. for trout, salmon)
using material from aquaculture hatcheries.
Recreational fishing has traditionally been a
developed country activity, but it is becoming
popular in developing countries. This may have
some impact on interactions between wild
relatives and the cultured farmed type. Some
recreational fisheries introduce and translocate
species. In some cases, non-native species are
introduced for recreational fishing. Examples
include:

e Latin American species such as cachama

(Colossoma macropomum), Arapaima
(Arapaima gigas) and red-tail catfish

(Phractocephalus hemioliopterus) have been
introduced to Asia.

e North American species such as rainbow
trout (Oncorhynchus mykiss) and black bass
(Micropterus spp.) have been introduced to
Europe.

e The movement of the European (Wels)
catfish (Silurus glanis) has resulted in its
subsequent establishment beyond its natural
range within Europe.

1.6 Diversity of aquatic genetic
resources used in aquaculture and
fisheries

The world’s fisheries harvested over 1 800 species
in 2016, including fish, crustaceans, molluscs,
echinoderms, coelenterates and aquatic plants
(FAO, 2018b). Though the number of farmed
aquatic species is smaller, aquaculture remains
extremely species-diverse compared to other
food production sectors. In 2016, over 550 species
and/or species items were farmed (Table 12). A
species item refers to a single species, a group
of species (where identification to the species
level is not possible) or one of a small number of
hybrids. Since record-keeping began, a total of
598 species have been reported to FAO as having
been farmed around the world.

According to the latest available fisheries and
aquaculture statistics published by FAO, the
total production in 2016 from capture fisheries
and aquaculture, including aquatic plants, was
202.2 million tonnes; the production is broken
down by major group in Table 13.

The species diversity of AqQGR for food and
agriculture is extensive and includes several
phyla. AgGR can be split into major components
according to phyla and other taxa (Table 14).

1.6.1 Definitions and nomenclature
AqGR include DNA, genes, chromosomes,
tissues, gametes, embryos and other early

life history stages, individuals, strains, stocks,
and communities of organisms of actual or
potential value for food and agriculture. Unlike
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TABLE 12
Diversity of aquatic species identified in the wild and the number of farmed and fished species or
species items and families represented in FAO production statistics, 2016

Taxon Wild species Wwild Number Number Number of Number of
(marine) species of farmed of farmed captured captured
(freshwater) species families species families
Finfish 18768 12 834 344 80 1452 237
Molluscs 47 844 4998 95 27 151 37
Crustaceans 52 412 11990 60 13 181 34
Other aquatic animals * * 15 10 26 13
Aquatic plants 12128 2614 40 21 29 14
Total 131152 32436 554 151 1839 335

Sources: Balian et al., 2008; Chambers et al., 2008; FAO, 2018b; Lévéque et al., 2008; WoRM s Editorial Board, 2018.
*These include echinoderms, coelenterates and tunicates too numerous to list (many of which have no potential as food and are all
marine species) and a few amphibians and reptiles.

TABLE 13
World total capture fisheries and aquaculture production, 2016 (thousand tonnes, live weight)

Taxon Capture fisheries Aquaculture Total

Finfish 77 267 54 091 131 359
Molluscs (edible) 6326 17139 23465
Molluscs (pearls and ornamental shells) 9 38 47
Crustaceans 6711 7 862 14 573
Aquatic invertebrates 608 443 1051
Frogs and turtles 2 495 497
Aquatic plants 1091 30139 31230
Total 92015 110 208 202 223

Source: FAO, 2018b.
Note: Rounding effects may mean some column totals do not sum up exactly.

TABLE 14
Aquatic genetic resources for fisheries and aquaculture, categorized according to phyla

Phylum Examples

Aquatic plants (multiple phyla) Algae (seaweeds and microalgae), vascular plants

Phylum Chordata Finfish, amphibians, reptiles

Phylum Mollusca Bivalves (clams, mussels, oysters), gastropods (snails, abalone),
cephalopods (octopus, squid)

Phylum Arthropoda Crabs, shrimps, lobsters, cladocerans, brine shrimp

Phylum Cnidaria Jellyfish, corals

Phylum Echinodermata Sea urchins and sea cucumbers

Source: FAO, 2018b.
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domesticated crops and livestock (FAO, 2007;
2015b), where many distinctive breeds, varieties
and cultivars have been well established and
recognized for centuries or millennia, aquatic
species have few recognized strains and stocks (i.e.
the equivalent to breeds in livestock or cultivars
in crops). In preparing the questionnaires and in
reviewing the response to questionnaires it became
evident that the terminology used to describe
AqGR differs from that used to describe terrestrial
livestock and plant genetic resources and also that
the usage of such terms is not standardized in their
application. In 2016, FAO held the Expert Workshop
on Incorporating Genetic Diversity and Indicators
into Statistics and Monitoring of Farmed Aquatic
Species and their Wild Relatives (FAO, 2016a). This
workshop also recognized that there was a lack of
standardization of terms used to describe AqGR and
recommended a number of operational descriptors
asapplicable to AqGR. Box 2 explains the operational

Box 2

definitions used in the Report, which are based
on customs of crop and livestock nomenclature
and the descriptors recommended in the above-
mentioned workshop. Of note is that “strains” and
“varieties”, terms respectively applied to aquatic
animals and plants, should be recognizable by their
characteristics, making them distinguishable from
other strains and varieties of the same species, and
that these characteristics are maintained through
the process of propagation. The term “farmed
type” is used widely throughout the Report and is
a relatively new term recognized in the above-men-
tioned workshop as being appropriate for the
description of farmed aquatic organisms below the
level of species. A farmed type is a descriptor applied
to a species (unless it is a hybrid or introgressed
strain/variety) being cultured that requires a further
level of definition beyond just the species name
(e.g. wild type or triploid) such that every species
in culture would have a one or more farmed types

Standardizing nomenclature in aquatic genetic resources

Standardized use of terms is essential. The Report uses
the following definitions, based in part on the customs
of crop and livestock nomenclature. However, the

Term Definition

Variety

terms “strain” and “farmed type” have been newly
elaborated, and it is proposed that they be adopted as
standard in the context of AqGR.

A plant grouping, within a single botanical taxon of the lowest known rank, defined

by the reproducible expression of its distinguishing and other genetic characteristics.'

Farmed type

Farmed aquatic organisms that could be a strain, hybrid, triploid, monosex group,

other genetically altered form, variety or wild type.

Strain

A farmed type of aquatic species having homogeneous appearance (phenotype),

homogeneous behaviour and/or other characteristics that distinguish it from other
organisms of the same species and that can be maintained by propagation.

Stock

A group of similar organisms in the wild that share a common characteristic that

distinguishes them from other organisms at a given scale of resolution.

Wild relative

An organism of the same species as a farmed organism (conspecific) found and

established in the wild, i.e. not in aquaculture facilities.

' The International Treaty on Plant Genetic Resources for Food and Agriculture (FAO, 2009)
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associated with it, to provide more information on
the genetic resource. It is proposed in the Report
that the terms identified in Box 2 be adopted as
standard in the description of AqQGR.

Unlike in the terrestrial agriculture sector, wild
relatives of all farmed aquatic species can still be
found in nature, although wild types of some
species are becoming threatened through, inter
alia, introgression with farmed types and non-native
genotypes (see Section 3.2). This natural reserve of
genetic diversity not only supports capture fisheries
and helps the species adapt to anthropogenic and
natural impacts, but it also provides a source of
individuals and genes for use in aquaculture.

1.6.2 Diversity and production of
farmed species

There is a large diversity of species farmed in
aquaculture, and the number of species growing
over time may be one contributor to rapid growth
in aquaculture production. A breakdown of global
aquaculture production by each of the major
groups and the number of species and families
represented is shown in Table 12. Finfish are the
largest category of farmed aquatic species by
volume in all regions. It should be noted that much
of the analysis in the chapter is based on FAO's
global aquaculture production statistics, and that
these statistics are most likely understating the
number of species and hybrids used in aquaculture,

Box 3
Species diversification in aquaculture

More than 160 000 known aquatic species with over
1800 species or species items are being harvested from
fisheries (Table 12), primarily for food, but which ones
should we farm? With aquaculture expected to meet
the growing demand for fish and fish products and with
consumers conditioned to a wide diversity of species
from capture fisheries, there are strong incentives

to further diversify the number of species used in
aquaculture. With nearly 560 species or species items
already being farmed, there are conflicting demands

due to the insufficient level of species identifica-
tion detail in national data provided to FAO.
Table 12 summarizes the species reported as
being farmed in 2016, totalling 554. However,
a total of 598 species items have been farmed
up to and including 2016, i.e. since FAO records
began in 1950 (FAO, 2018b). The total recorded
species items reported as cultured, to date,
include 369 finfishes (including five hybrids),
109 molluscs, 64 crustaceans, 7 amphibians
and reptiles (excluding alligators, caimans or
crocodiles), 9 other aquatic invertebrates, and
40 aquatic algae. These numbers do not include
those species, known or unknown to FAO,
produced from research, cultivated as live feed
in aquaculture hatcheries, or ornamental species
produced in captivity. From 2006 to 2016, the total
number of commercially farmed species or species
items historically recorded by FAO increased by
26.7 percent, from 472 in 2006 to 598 in 2016
(FAO, 2018b). However, the data reported to FAO
do not keep pace with the actual speed of species
diversification in aquaculture. Numerous single
species items recorded in the official statistics of
many countries actually consist of multiple species
and sometimes hybrids (FAO, 2016a). Some of the
issues and drivers for species diversification in
aquaculture are summarized in Box 3. Despite the
great diversity in the species raised, aquaculture
production by volume is dominated by a small

for further diversification versus the need to focus and
improve the efficiency of production of existing cultured
species. There are advantages and disadvantages
associated with the pursuit of diversification, and issues
were examined in a workshop entitled Planning for
Aquaculture Diversification: The Importance of Climate
Change and Other Drivers (Harvey et al., 2017).

A number of important drivers of diversification
exist in aquaculture, including market forces such as
the reduced supply of wild-caught fish and/or the

(Cont.)
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Box 3 (Cont.)
Species diversification in aquaculture

high demand of such species. Ecological change and
economic change are also drivers, as are some of the
established risks associated with species grown in
monoculture (e.g. effects of pathogens, parasites and
pests). Diverse production systems are likely to be more
resilient to challenges of environmental change (such as
climate change) and/or economic change. Diversification
in aquaculture can also support conservation and
maintenance of aquatic biodiversity, particularly with
regard to native species. Government and academia can
also be drivers of diversification. Some of these drivers
can be transient; for example, markets can be drivers
during periods where wild catches of species are low,
but the recovery of fisheries can improve the supply and
reduce prices, rendering the culture uneconomic.

There are, however, significant constraints to
diversification, including technological challenges
associated with the development of culture systems
for new species. It can take 10-15 years and significant
investment to develop the culture of a new species and
bring the resulting product to market.

Evidence from other agriculture sectors shows that
production trends have evolved in such a way as to be
dominated by a small number of species. Breeding has
developed vast numbers of breeds and varieties within
these species with diverse characteristics adapting them
to different production systems (e.g. layer and broiler
chickens). Relative to plants and livestock, the strain
development of aquatic genetic resources (AqGR) in
aquaculture is in its infancy. It is not clear whether the
future for cultured AqGR will follow a similar pathway

number of “staple” species or species items at
national, regional and global levels.

Table 15 illustrates the diversity of species
farmed within each major taxonomic grouping
by region, and Figure 7 illustrates the relative
contribution of the major aquaculture species to
global production, illustrating, for example, that
50 percent of global production is made up of the
top ten aquaculture species or species items.

of consolidation of production in a few species or
whether the drivers of diversification will sustain greater
diversity of the production of species.

The workshop report recognized the challenges faced
by countries in deciding whether it is better to increase
the number of species being farmed or to focus on
improving the culture of existing species or strains and in
adapting strains through breeding. The report considers
the following issues in resolving this dilemma:

¢ identification of potential means of diversification
(e.g. diversify using existing aquaculture systems
through strain and system development or into
new species);

¢ choice of species for diversification using rigorous
selection criteria;

e choice of culture systems for diversification (e.g.
some systems can promote diversification, such as
integrated multi-trophic aquaculture);

¢ consideration of diversification using native or
introduced species;

e focus on culturing species that are unsustainably
fished (however, there are risks inherent in this
approach if fisheries and thus supply recover); and

¢ diversification as a specific response to the
challenges of climate change (climate change
may make existing species/systems inviable and/or
create opportunities for culturing new species).

All of these issues need to be carefully considered
in the development of appropriately balanced policies
and investment strategies relating to diversification in
support of aquaculture growth.

Table 15 illustrates that Asia farms the most
species of aquatic organisms, in part because
it has the longest tradition of aquaculture.
That relatively few species are farmed in Africa
(in relation to the size and habitat diversity
of the region and the potential number of
species available for farming) demonstrates the
potential for further use of AqGR in African
aquaculture.
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TABLE 15

Number of species or species items reported to FAO as under production in 2016, by region and

culture environment

Africa Asia
Inland aquaculture
Finfish 66 112
Molluscs 0 5
Crustaceans 7 16
Other animals 0 8
Algae 3 4
Subtotal inland 76 145
Marine and coastal aquaculture
Finfish 26 107
Molluscs 17 26
Crustaceans 8 27
Other animals 3 9
Algae 5 19
Subtotal marine and coastal 59 188
All aquaculture’
Finfish 81 192
Molluscs 17 30
Crustaceans 13 39
Other animals 3 15
Algae 8 23
Total - all aquaculture taxa 122 299

Source: FAO, 2018b.

Europe Latin North Oceania World
America America
and the
Caribbean

73 76 14 20 361
0 1 0 0 6

7 7 2 5 44

3 4 0 0 15

4 5 0 0 16
87 93 16 25 442
48 28 1" 14 234
31 27 16 24 141
15 7 3 10 70
4 0 0 3 19
14 10 0 4 52
112 72 30 55 516
108 97 24 28 530
31 28 16 24 146
20 14 5 15 106
6 4 0 3 31
17 15 0 4 67
182 158 45 74 880

' The world total in rows is not equivalent to species totals in Table 12, as species can be produced in more than one region; column
totals do not equal the sum of subtotals, as some species are cultured in both inland and marine systems.

1.6.2.1 Finfish aquaculture
The importance of a small number of species
within the large diversity is well illustrated if
finfish farming is considered. This most diverse
subsector relied on 27 species or species items for
over 90 percent of the total production in 2016,
while the 20 most produced species accounted for
84.2 percent of total production (Table 16).
Freshwater/diadromous finfish are the largest
group in terms of families and species cultured

(53 families and 215 species); this group is the
largest in terms of total volume of all of the
types of aquaculture production. Inland finfish
aquaculture has been the most important driver
for the global increase in annual output of farmed
fish, representing 65 percent of the annual fish
production increase between 2005 and 2014
(FAO, 2016Db).

This high level of aquaculture production from
freshwater emphasizes the importance of access
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FIGURE 7

Production (live weight) and contribution to cumulative percentage of global production, for
the top cultured species or species items. Twenty-three species or species items collectively

make up 75 percent of global production.
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Source: FAO, 2018b.
Note: nei = not elsewhere included.

to adequate quality and quantity of water for
both farmed types and wild relatives, as well
as the vulnerability of these systems to external
impacts on freshwater resources and land (see
Chapter 3). The species used range from low

6 000 8000 10 000 12 000
| | |
| |
40% 50% 60% 70% 80% 90%
Production

trophic level species (e.g. carps, barbs, tilapia
and pacu) to highly carnivorous species (e.g.
salmon, eel and snakehead). The majority of the
production volume is based on the lower trophic
level species. This underscores the contribution
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TABLE 16

Major finfish species or species items under aquaculture production and their relative contribution
to global finfish production, 2010-2016 (thousand tonnes, live weight)

Species/species item 2010

Grass carp (Ctenopharyngodon idellus) 4362
Silver carp (Hypophthalmichthys molitrix) 4100
Common carp (Cyprinus carpio) 3421
Nile tilapia (Oreochromis niloticus) 2 537
Bighead carp (Hypophthalmichthys nobilis) 2587
Carassius spp. 2216
Catla (Catla catla) 2977
Freshwater fishes nei, Osteichthyes 1378
Atlantic salmon (Salmo salar) 1437
Roho labeo (Labeo rohita) 1133
Pangas catfishes nei, Pangasius spp. 1307
Milkfish (Chanos chanos) 809
Tilapias nei, Oreochromis (= tilapia) spp. 628
Torpedo-shaped catfishes nei, Clarias spp. 353
Marine fishes nei, Osteichthyes 477
Wauchang bream (Megalobrama amblycephala) 652
Rainbow trout (Oncorhynchus mykiss) 752
Cyprinids nei, Cyprinidae 719
Black carp (Mylopharyngodon piceus) 424
Snakehead (Channa argus) 377
Other finfishes 5849
Finfish total 38494

Source: FAO, 2018a.
Note: nei = not elsewhere included.

2012 2014 2016 2(";5:;‘:{)‘*
5018 5539 6068 1.2
4193 4968 5301 98
3753 4161 4557 8.4
3260 3677 4200 7.8
2901 3255 3527 65
2451 2769 3006 5.6
2761 2770 2961 55
1942 2063 2362 4.4
2074 2348 2248 42
1566 1670 1843 34
1575 1616 1741 3.2
943 1041 1188 2.2
876 1163 1177 2.2
554 809 979 18
585 684 844 1.6
706 783 826 1.5
883 796 814 1.5
620 724 670 1.2
495 557 632 1.2
481 511 518 1.0
6815 7774 8629 16.0
44 453 49679 54 091 1000

Note: Rounding effects may mean some column totals do not sum up exactly.

of these species to global food security and their
relatively efficient production of high-quality
protein relative to other livestock systems. The
salmonids are a carnivorous species and are
highly significant in value terms; even these
production systems are now being developed
to a point where they are becoming much more
efficient users of feed resources.

Although marine finfish represent a much
lower proportion of the total volume of finfish
produced, they are nevertheless represented by
33 different families (and 129 species or species
items). The species tend to be carnivorous (e.g.
snappers, groupers, pompano and tuna), but
also include a few species that are omnivorous
or herbivorous (e.g. mullet, scats and rabbitfish).
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1.6.2.2 Mollusc aquaculture

Compared with finfish, fewer species of
crustaceans and molluscs are farmed (Table 15).
Farmed molluscs can be broadly split into bivalves
and gastropods, with 2016 production including
95 species in 27 families (FAO, 2018b). The over-
whelming majority are cultured in marine systems
(Figure 8). Bivalve molluscs are produced in unfed
systems, utilizing food naturally present in the
water. Some gastropod systems (abalone, conch,
Babylonia spp.) can be relatively intensive and use
feeds. There is minor production of cephalopods
(octopus).

1.6.2.3 Crustacean aquaculture

Crustaceans can be split between marine/brackish
and freshwater production systems and comprise
13 families and 60 reported species. Marine/
brackish-water production is dominated by the
penaeid shrimp, with minor contributions from
other families such as lobsters and metapenaeids.
Freshwater production comprises the Chinese

FIGURE 8

mitten crab (Eriocheir sinensis), various crayfish/
crawfish species and Macrobrachium freshwater
prawns.

Some production of the whiteleg shrimp
(Penaeus vannamei) is also recorded as
undertaken in freshwater inland areas, although
this may not be strictly freshwater, but extremely
low-salinity brackish water instead. The majority
of production is from warm-water systems
(Figure 9).

1.6.2.4 Aquatic plant aquaculture (seaweed)
Farmed aquatic plants are largely marine species
(seaweeds) produced in marine and brackish waters.
Aquatic plant aquaculture systems typically rely on
natural productivity and are not fertilized; there
are, however, managed culture systems. Farming
of aquatic plants is undertaken in more than
50 countries and over the past decade has grown by
8 percent per year (FAO, 2018b) (Figure 10).

Owing to the relative paucity of information,
aquatic plant aquaculture warrants more specific

Global aquaculture production of major molluscan taxa, 2016 (live weight)

Qysters (9)

Clams, cockles, ark shells (56)

Scallops, pectens (16)

Mussels (12)

Miscellaneous marine molluscs (?)

Abalones, winkles, conchs (27)

Freshwater molluscs (?)

0 1000 2000
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Note: Numbers in parentheses represent the number of species or species items per taxon, where this is known.
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FIGURE 9
Global production of major crustacean species or species items, 2016 (live weight)
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Source: FAO, 2018b.

FIGURE 10
Global production of aquatic macrophytes, 2007-2016 (live weight)

35000

30000

25000
20 000
15 000
10 000
5000
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Production (thousand tonnes)

Source: FAO, 2018b.
Note: This production may include a small quantity of freshwater macrophytes (< 90 thousand tonnes).
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Box 4
Seaweed genetic resources for aquaculture

Higher-level taxonomic classification of algae is
notoriously difficult, and frequent changes appear

in the literature. For the purposes of this document,
algae are included as aquatic plants, in full recognition
that some algae are not included in the Kingdom
Plantae. It is more useful to consider the taxa at the
family level. There are 38 species reported to FAO,
representing 27 families in the following four classes:

¢ green algae (Chlorophyceae - 7 species items)

* brown algae (Phaeophyceae - 11 species items)

¢ red algae (Rhodophyceae - 17 species items)

* cyanobacteria (Cyanophyceae - 3 species items)
Seaweed farming is predominantly carried out in
Asia, both for the brown (Saccharina and Undaria spp.)

and red seaweeds (Eucheuma, Gelidium, Gracilaria,
Kappaphycus and Pyropia [Porphyra] spp.). European
seaweed culture is still small in scale and can be found
in countries such as Denmark, France, Ireland, Norway,
Portugal and Spain. Previously, brown seaweeds
(Saccharina and Undaria spp.) dominated global
seaweed production, until they were overtaken by red
seaweeds (Kappaphycus and Eucheuma spp.) around
2010.

The brown seaweeds are farmed normally in
subtemperate to temperate countries, such as China,
Japan and the Republic of Korea, while red seaweeds
such as Kappaphycus spp. and Eucheuma spp. are

attention. Seaweed production has been covered
a separate thematic background paper, with
some of this information summarized in Box 4.1

The genetic resources of farmed seaweeds are
often omitted from regular reporting to FAO
despite the significance of these seaweeds as
sources of human food, natural colloids as food
ingredients, cosmetics, biofuels, pharmaceuti-
cals and nutraceuticals, and feed ingredients

4 See thematic background study Genetic resources for
farmed seaweeds) and thematic background study Genetic
resources for farmed freshwater macrophytes: a review (http://
www.fao.org/aquatic-genetic-resources/background/sow/
background-studies/en/)

farmed in subtropical to tropical countries, with
production dominated by Indonesia, Malaysia and the
Philippines.

There are other red seaweeds that are currently
farmed in the open seas, brackish-water ponds or
land-based tanks. These are Asparagopsis, Chondrus
crispus, Gelidium, Gracilaria, Hydropuntia, Pyropia spp.
and Palmaria palmata. Among the green seaweeds,
Caulerpa, Codium, Monostroma and Ulva spp. are the
main taxa farmed for commercial purposes.

Traditional selection of strains based on
growth performance and resistance to disease is
sometimes used in propagating farmed seaweeds.

The hybridization of Laminaria japonica in China
enabled the massive expansion in cultivation of this
species. The development of plantlets from spores for
outplanting is practised in some brown (Laminaria,
Saccharina, Undaria spp.), red (Palmaria, Pyropia spp.),
and green seaweeds (Codium, Monostroma, Ulva spp.).
Micropropagation through tissue and callus culture is
now being used to generate new and improved strains
in Eucheuma and Kappaphycus, although vegetative
propagation is still widely used.

This box draws from the thematic background study Genetic resources
for farmed seaweeds (http://www.fao.org/aquatic-genetic-resources/
background/sow/background-studies/en/)

in aquaculture. They are a mixture of food
plants consumed directly and those produced
for processing to extract phycocolloids such as
agar and carrageenans. Seaweeds are also being
used as bioremediation agents or for phyto-
mitigation in integrated multi-trophic aquaculture
as a means to recycle aquaculture effluents by
absorbing nutrients from other parts of the
aquaculture system.

The main driver for the continued interest
in seaweed cultivation has been the potential
for the production of large volumes of a
renewable biomass that is rich in carbohydrates
and therefore attractive for biofuel production.
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Seaweed biomass has a wide range of applica-
tions, such as:
¢ bio-based and high-value compounds in
food and feed ingredients, biopolymers, fine
and bulk chemicals, agrichemicals, cosmetics,
bioactives, pharmaceuticals, nutraceuticals
and botanicals;
¢ lower-value commodity bioenergy
compounds in biofuels and biomaterials; and
e anutritional food source; global consumption
of sea vegetables is rising as consumers
become more aware of their health benefits.

1.6.2.5 Aquatic plants — freshwater
macrophytes

Freshwater macrophytes are relatively under-
researched and underdocumented. However,

Box 5

they play important roles in rural economic
development, particularly in Asia, where
they have both historical and cultural sig-
nificance in providing healthy food and
also employment while often recycling
valuable nutrients in what are essentially
low-input systems, which benefits millions of
lower-income, primarily peri-urban stakeholders.
Owing to the relative paucity of information,
freshwater aquatic plant aquaculture warrants
more specific attention and has been covered in a
separate thematic background paper,' with key
information summarized in Box 5.

> Thematic background study Genetic resources for farmed
freshwater macrophytes: a review (www.fao.org/aquatic
genetic-resources/background/sow/background-studies/en/)

Freshwater aquatic macrophytes for food and agriculture

Aquatic plants form an ecological rather than
taxonomic group and cannot be defined with any
degree of precision. Though there are no standard
definitions for freshwater macrophytes in the
literature, they are generally considered plants that
either require a fairly continuous supply of freshwater
or are present in soils that are covered in freshwater
for a significant proportion of their growing cycle.
They are distinguished as macrophytes by their size
compared with phytoplankton, but can also include
filamentous algae, which sometimes grow into larger
floating mats and can then be harvested. Freshwater
aquatic macrophytes (FAMs) can be categorized
broadly into three groups, or categories, by their
methods of growth within the water column, although
some species at different stages in their life cycle can
move between the different categories. The three
categories are emergent species, submersed species
and floating species.

The cultivation and consumption of edible
cultivated freshwater macrophytes and their impact
on food security have long been under-recognized

and under-recorded in both scientific and grey
literature. In South and Southeast Asia, they have
traditionally provided communities (often lower-
income communities) with a low-cost, nutritious
food for both themselves and their livestock, and
even as components of aquaculture feeds. FAMs are
also often used to recycle “waste” nutrients such
those from livestock production. In terms of the
global aquaculture development community, the
scale of production and range of edible cultivated
aquatic plant products is little known or practised
outside South and Southeast Asia; information on
FAMs is rarely taught in curricula or addressed in the
research agenda of the major academic aquaculture
schools and international non-governmental research
organizations. Even in Asia, FAMs remain unrecorded
in most national and international agriculture and/or
aquaculture statistics and planning documents, despite
their significant contribution to food production and
nutrient recycling.

It is estimated that there are more than 40 species
of edible FAMs, of which around 25 percent are either

(Cont.)
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Box 5 (Cont.)

Freshwater aquatic macrophytes for food and agriculture

already being cultivated for food at a scalable level or
have the potential to be developed into commercially
viable cultivation species. There is relatively little
information either in the research literature or at the
grassroots production level to indicate the occurrence
of genetic improvement to develop improved
varieties. Traits of interest for improvement would
include growth performance, productivity, capacity
for phytoremediation of wastewater and even disease
resistance. While there may have been relatively little
genetic improvement of FAMs, it is thought that
there has been significant translocation of germplasm
between countries or regions over the past 600 years.

Owing to their scale and their importance,
particularly in Southeast Asia, FAMs can be considered
a key tropical and subtropical cultivatable crop that
can contribute to sustainable food production in

1.6.2.6 Aquatic microorganisms
Microorganisms, feed organisms and aquatic
plants have not been comprehensively reported
to FAO, yet they are a valuable component
of AqGR. Information on microalgae is rarely
reported in available aquaculture statistics despite
being of increasing economic importance both as
a food supplement (e.g. Spirulina spp.) and as
an important base for the hatchery production
of many species (especially marine species).
There are more than 17 genera of microalgae
commonly cultivated for aquaculture purposes,
but there are many more species used both com-
mercially and within research collections. Due
to the low level of information available on
microorganisms in aquaculture, this subject has
received specific attention through coverage in a
separate thematic background paper,'® with key
information summarized in Box 6.

16 Thematic background study Genetic resources for
microorganisms of current and potential use in aquaculture
(http://www.fao.org/aquatic-genetic-resources/background/
sow/background-studies/en/).

developing countries in the future in a financially
viable and environmentally responsible way.

There are many other roles that FAMs can and do
fulfil, including being key components in multipurpose
integrated production systems. Their incorporation and
use in aquaculture and other wastewater treatment
and remediation continues to be developed. They also
have potential as aquaculture feed ingredients. There
is also a large global market for ornamental aquatic
plants for use in aquaria. Thus, there is a need for clear
differentiation and clarity in the future collection and
presentation of global production statistics for diverse
use categories of FAMs.

This box draws from the thematic background study Genetic resources
for farmed freshwater macrophytes: a review http:/www.fao.org/
aquatic-genetic-resources/background/sow/background-studies/en/

Microorganisms will play an important role in
the future success and growth of aquaculture,
which depends to some extent on the continued
availability and more efficient culture of these
important organisms. Thus, conservation and
expansion of the biological diversity of micro-
organism genetic resources used in aquaculture
in commercial and public culture collections are
required. This will include the ability to store
these organisms for the long term in gene banks
without them being subject to genetic drift and
the increased use of genomics to characterize all
key microbial species used in aquaculture.

1.6.2.7 Other species

A range of niche species are also produced in
aquaculture, comprising seven families of sea
cucumbers, sea urchins and other invertebrates,
and two families of amphibians (two species
of frog) and reptiles (two species or groups of
freshwater turtles; note that crocodiles/alligators
are not included) (Figure 11). Ornamental inver-
tebrates (including corals) are also not included,
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Box 6
Microorganisms in fisheries and aquaculture

Aquatic microorganisms are indispensable resources
for growth of shellfish and finfish in natural
aquatic ecosystems and in aquaculture. These
microorganisms fall into the microbial groups of
microalgae and fungal-like organisms, bacteria,
including cyanobacteria and zooplankton.

Many microalgal species are important in
aquaculture, with different species being suitable
as feed for shellfish and finfish larviculture, as
components of “green water” widely used to
enhance survival and growth of larval and adult fish,
and as feeds to enhance the nutritional quality of
Artemia spp. and rotifers. Microalgae are also grown
in aquaculture to produce pigments and fatty acids
of importance in fish aquaculture and as human
nutraceuticals. Bacteria that are used in aquaculture
include cyanobacteria such as Spirulina spp., used
for human diet supplements, and a rapidly growing
suite of probiotic bacteria. These probiotic bacteria
include species that improve survival and growth of
finfish and shellfish larvae and adult stages.

FIGURE 11

Probiotic bacteria are expected to become
increasingly important for disease prevention in
aquaculture as antibiotic use is further curtailed and
species are grown in more intensive aquaculture
systems. Bacteria also play an important role in
filtration systems needed in recirculating aquaculture
systems.

Zooplankton, specifically Artemia spp. and
rotifers, have a long history and wide application as
feed for the aquaculture industry. Several species of
Artemia are used, with Artemia franciscana being
the most important. Of more than 2 000 species of
rotifers, Brachionus plicatilis and
B. rotundiformis are most commonly used. Other
zooplankton used in aquaculture include copepods
and cladocerans, such as Daphnia spp., which are
widely used in freshwater larviculture.

This box draws on the thematic background study Genetic resources
for microorganisms of current and potential use in aquaculture (http://
www.fao.org/aquatic-genetic-resources/background/sow/background-
studies/en/).

Aquaculture production of other aquatic animals, 2016 (live weight)

Soft-shell turtles (1)
Sea cucumber (3)
Frogs (4)

Jelly fishes (?)

Sea squirts (?)
Turtles (9)

Sea urchins (?)

Invertebrates unidentified (?)

0 50 100

150 200 250 300 350

Production (thousand tonnes)

Source: FAO, 2018b.

Note: Numbers in parentheses represent the number of species or species items per taxon, where this is known.
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nor are those produced for shell (pearl, mother
of pearl).

Crocodile production is growing quickly in the
Asian region, with export of juvenile crocodiles
to producing countries. Cambodia, China, Papua
New Guinea, Thailand and Viet Nam all have
crocodile farms; however, this production is
rarely, if ever, reported in fishery or aquaculture
statistics.

1.6.3 Marine and freshwater
ornamental fish in the aquarium trade
Availability of data relating to utilization of AqGR
in the ornamental trade is poor. In 2000, the
Global Marine Aquarium Database was created,
and by August 2003 the dataset contained trade
records covering a total of 2 393 species of finfish,
corals and other invertebrates and spanning the
years from 1988 to 2003. A total of 1471 species
of marine fish are traded worldwide, however,
the ten “most traded” species account for about
36 percent of all fish traded for the years 1997 to
2002 (Wabnitz et al., 2003).

Exactly 140 species of stony coral, nearly
all scleractinians, were traded worldwide.
Coral species from several genera (particu-
larly Euphyllia, Goniopora, Acropora, Plerogyra
and Catalaphyllia spp.) are the most popular,
accounting for approximately 56 percent of the
live coral trade between 1988 and 2002. There
were also 61 species of soft coral traded. Over
500 species of invertebrates (other than corals)
are traded as marine ornamentals, though the
lack of a standard taxonomy makes it difficult to
establish a precise figure (Wabnitz et al., 2003).

More recent data on the utilization of marine
ornamentals are not readily available, although
a database maintained by the New England
Aquarium (Rhyne et al, 2017) indicates that
approximately 2 250 marine finfish species and
725 invertebrate species were imported into the
United States of America alone during the period
2000-2011.

There is no equivalent database for the
freshwater aquarium trade, and the diversity of

species being produced and traded is not easy
to establish. However, various aquarium guides
list 650 (Sakuraietal, 1993) to 850 (Baensch
and Riehl, 1997) common freshwater aquarium
species. Monticini (2010) lists some of the most
traded species of marine and freshwater fish.

An important distinction that can be made
between the freshwater and marine aquarium
trades is the level of reliance on capture of
animals rather than on culture. It is roughly
estimated that the freshwater aquarium trade
relies on cultured animals for 98 percent; only
2 percent of the products are captured. The
marine aquarium trade, on the other hand, relies
on capture for 98 percent of its production versus
2 percent culture (Wabnitz et al., 2003), with only
a small number of species currently being bred
in captivity (e.g. some clownfish — Amphiprion
spp.). Significant potential exists for increasing
the contribution of aquaculture to the marine
aquarium trade; the freshwater aquarium trade
is also a significant contributor to the value of
aquaculture production in some countries.

1.6.4 Diversity of species in capture
fisheries

As indicated in Table 12, there were over 1 800
species or species items harvested in capture
fisheries in 2016, with more than 80 percent of
these coming from marine fisheries. In marine,
and especially in inland fisheries, production
is dominated by a relatively small number of
species.

Table 17 lists the top 15 species or species items
contributing to marine fisheries, which together
constitute 42 percent of total marine capture
fisheries production. It must be noted that 12
of these are single species, and that the largest
single contribution is from a group of species not
elsewhere included.

There is a similar picture of species dominance
in inland fisheries. Table 18 lists the top 15
species or species items produced from inland
fisheries, which collectively contribute to
81.5 percent of inland capture fisheries
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TABLE 17

Main species or species items harvested from marine capture fisheries and their production,

2011-2016 (thousand tonnes, live weight)

Species (ASFIS species) 2011 2012
Marine fishes nei 9451 9612
Alaska pollock (= walleye pollock) 3210 3272
(Gadus chalcogrammus)

Anchoveta (= Peruvian anchovy) 8320 4693
(Engraulis ringens)

Skipjack tuna 2529 2702
(Katsuwonus pelamis)

Atlantic herring 1780 1773
(Clupea harengus)

Pacific chub mackerel 1309 1270
(Scomber japonicus)

Yellowfin tuna 1145 1304
(Thunnus albacares)

Atlantic cod 1052 1114
(Gadus morhua)

Japanese anchovy 1322 1292
(Engraulis japonicus)

European pilchard (= sardine) 1037 1021
(Sardina pilchardus)

Largehead hairtail 1261 1238
(Trichiurus lepturus)

Blue whiting (= Poutassou) 108 379
(Micromesistius poutassou)

Atlantic mackerel 950 915
(Scomber scombrus)

Sardinellas nei 967 1017
(Sardinella spp.)

Scads nei 1232 1267
(Decapterus)

Source: FAO, 2018b.

2013 2014 2015 2016
9350 9494 10211 10433
3248 3245 3373 3476
5674 3140 4310 3192
2909 2991 2810 2830
1817 1631 1512 1640
1260 1397 1485 1599
1261 1347 1356 1462
1359 1374 1304 1329
1324 1396 1336 1304
1003 1208 1175 1281
1264 1265 1269 1280

631 1161 1414 1190

987 1424 1248 1138

932 1020 1043 1089
1230 1261 984 998

Notes: ASFIS = Aquatic Sciences and Fisheries Information System; nei = not elsewhere included.

production. However, we see again that species
items not elsewhere included contribute the
majority of this production, reflecting the
limited level of detail available on the species
that contribute to inland fisheries.

1.6.5 Aquatic genetic resources
below the level of species

Current information systems on AqGR, inter alia
the Aquatic Sciences and Fisheries Information

System (ASFIS) species list, FishStat) and FishBase
(Busilacchi and Garibaldi, 2002; FAO, 2018b;
Froese and Pauly, 2018) focus on the collection
and provision of information at the level of
species. There are few resources that focus on
information below the level of species. Numerous
research studies exist that examine the levels of
genetic variation in aquatic species (cultured and/
or wild relatives) or report on the development of
farmed types, through methods such as selective
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TABLE 18

Main species or species items harvested from inland capture fisheries and their production, 2016 (live

weight)

Species or species items

Freshwater fishes nei

Cyprinids nei

Tilapias nei

Freshwater molluscs nei

Silver cyprinid (Rastrineobola argentea)

Nile tilapia (Oreochromis niloticus)

Nile perch (Lates niloticus)

Snakeheads (= murrels) nei

Hilsa shad (Tenualosa ilisha)

Oriental river prawn (Macrobrachium nipponense)
Siberian prawn (Exopalaemon modestus)
Freshwater siluroids nei

Common carp (Cyprinus carpio)

Lake Malawi sardine (Engraulicypris sardella)
Torpedo-shaped catfishes nei

Source: FAO, 2018b.
Note: nei = not elsewhere included.

breeding, hybridization, ploidy manipulation, sex
control and the use of other biotechnologies (see
reviews by Carvalho and Pitcher, 1995; Dunham,
2011; Gjedrem, Robinson and Rye, 2012; Casey,
Jardim and Martinsohn, 2016, among others).
There are, however, no systematic catalogues of
these research findings or of farmed types. Such
catalogues do exist for both plant and animal
(livestock) genetic resources, for example, in the
databases of accessions in various plant gene
banks (FAO, 2010, 2015b) and the Domestic
Animal Diversity Information System (DAD-IS)."’
It is considered that most cultured AqGR retain
high levels of genetic variation relative to their
wild relatives due to the inherently high levels
of variation present in large populations (Lacy,
1987) of aquatic species, many of which are

7 The latest version of this database can be accessed at www.
fao.org/dad-is.

Production (tonnes) Percentage of total global inland

harvest
6193313 53.2
774 893 6.7
436 998 3.8
326 154 2.8
273764 24
232129 2.0
217 444 1.9
161430 1.4
145 606 1.3
132 422 1.1
132 422 1.1
119 879 1.0
115412 1.0
109 387 0.9
101 442 0.9

highly fecund, and the relatively short history
of domestication and improvement for most
aquatic species. This contrasts with the situation
in livestock, where many breeds are considered
to have significantly reduced genetic variation
relative to their wild ancestors due to their long
history of domestication, allowing for significant
genetic drift and associated loss of genetic
variation (FAO, 2007; Kristensen et al., 2015).
These levels of genetic variation have been
shown to decline with increasing distance from
the established original centres of domestication
(Groeneveld et al., 2010). In cultured aquatic
species, the presence of higher levels of genetic
variation, specifically additive genetic variation,
is cited as one of the reasons why responses to
selection in breeding programmes for aquatic
species are commonly much greater than those
observed in livestock (Gjedrem, 2012; Gjedrem
and Baranksi, 2010).
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1.7 The outlook for fisheries and
aquaculture and the role of aquatic
genetic resources

The current world population of more than 7.6
billion is projected to reach 8.5 billion by 2030
and 9.8 billion in 2050, with most of the increase
occurring in developing regions (United Nations,
2017). Ensuring food security and adequate
nutrition for this growing population is a major
challenge. Fish is a vital source of food, including
micronutrients, particularly for many low-income
rural populations. The fisheries and aquaculture
sector already plays a prominent role in global
food security and providing livelihoods and
income to millions of people engaged in fish
harvesting, culturing, processing and trade.
Given population growth trends, the sector needs
to continue to play a prominent role in world
food security, which will necessitate growth in
production to meet the expected increase in
new and traditional demand for fish and fishery
products.

Production from capture fisheries has stabilized
at 90 to 95 million tonnes per annum since the
mid-1990s (Figure 5) and is not predicted to rise
significantly in the foreseeable future (OECD/
FAO, 2018). Growth in aquaculture has met the
increasing demand for fish and fishery products
(Table 4 and Figure 4). Latest projections (FAO,

TABLE 19

2018b) of the short-term future of aquaculture
and fisheries markets estimate that total world
fish production™ will continue to expand to
reach 201 million tonnes in 2030, an increase of
18 percent compared to 2016 production, at an
annual growth rate of 1 percent (Table 19). This
growth in production is expected to be delivered
almost entirely by aquaculture (World Bank,
2013; FAO, 2014, 2016a), with cultured food fish
production projected to reach 109 million tonnes
by 2030, 37 percent higher than 2016 levels (FAO,
2018b). While this represents substantial growth,
it does reflect a slowing annual rate of growth:
2.1 percent, compared to 5.8 percent for the
period 2001-2016. While aquaculture is projected
to expand on all continents, growth is expected
to arise predominantly from Asia, which will
continue to dominate global production, repre-
senting 89 percent of total production by 2030.
Freshwater aquaculture is likely to continue to
be the most dominant sector at 62 percent of
production by 2030. The World Bank (2013),
applying a different model, produced similar
projections to those from FAO.

By 2030, fish consumption across all regions is
projected to grow a further 20 percent compared
to 2016 levels, but with a slowing rate of growth

8 Excludes seaweeds and other aquatic plants, aquatic mammals
and reptiles.

Current and future projections of key production and consumption parameters on global fish

production, consumption and trade

Projected growth

Parameter 2016 level 2030 projection rate (percent)
Global fish production (million tonnes) 171 201 18
Global aguaculture production (million tonnes) 80 109 37
Global capture fisheries production (million tonnes) 91 91 <1
Percent contribution of aquaculture (million tonnes) 47 54 15
Global fish consumption (million tonnes) 151 181 20
Per capita fish consumption (kg per capita per annum) 20.3 21.5 6
Trade — exports (million tonnes) 39 48 24

Source: FAO, 2018b.
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(1.2 percent annually compared to 3 percent from
2003 to 2016); Asian countries will be the main
consumers (representing 71 percent of global
consumption by 2030). Per capita annual fish
consumption is expected to increase slightly from
20.3 kg in 2016 to 21.5 kg in 2030. In line with
the increases in production and consumption,
trade in fish and fish products is also projected to
increase by 24 percent by 2030, with 38 percent of
all production being exported.

None of these projections provide anysignificant
detail on the likely growth of specific aquaculture
systems, such as offshore cage farming, recirculat-
ing system aquaculture, pond farming, integrated
aquaculture or multi-trophic aquaculture, or for
the future applications of technology. While some
systems have greater potential for growth than
others, projecting which systems will be major
drivers of growth is extremely complex. Similarly,
it is difficult to project the likely changes to the
role of AQGR in meeting increased production
demands. Projections by the World Bank (2013)
anticipated the strongest growth in production
of tilapia, carp and pangasius/catfish, with these
lower-value species showing more rapid growth
in production than higher-value species such as
salmon and shrimp.

It is not clear whether the drivers that will
impact on the future status of AqGR are well
understood. Will the species that currently
dominate fishery and aquaculture production
continue to dominate or even consolidate
further with fewer species representing larger
proportions of production? Or will diversification
result in greater production of more species, to
supply not only major commodity markets, but
also niche markets?

While there is a paucity of information on
the use of AqQGR in aquaculture and fisheries,
particularly when we consider the resources
below the level of species, we know that genetic
improvement currently plays a relatively minor
role in production growth in aquaculture.
Gjedrem and Robinson (2014) estimate that less
than 10 percent of aquaculture production is of

improved strains resulting from family-based
selective breeding programmes, and yet the
potential for sustainable increase in aquaculture
production from widespread application of
selective breeding is well established. In an
update of their modelling, Robinson and Gjedrem
(personal communication, 2018) project that if 100
percent of aquaculture production was subject
to selective breeding, genetic improvement
alone would deliver an increase in production of
46 million tonnes by 2030. Currently, there are
very few clearly defined strains with established
properties used in aquaculture, in contrast to
the vast number of animal breeds and plant
varieties used in terrestrial agriculture. Will the
development of AqGR follow a similar path to
breed development in livestock? Or are AqGR
subject to different drivers? Genetic technologies
based on molecular analysis and manipulation are
also advancing at a rapid rate with falling costs
and higher levels of resolution. It seems probable
that these new generation technologies can add
value to traditional technologies and may in the
longer term be disruptive technologies that may
change the way we characterize and develop
AqGR.

Also, unlike in terrestrial agriculture,
production of fish and fish products is currently
highly dependent on wild AqGR through capture
fisheries and capture-based aquaculture. Will
this dependency decline in the near or long-term
future? What will be the long-term impact of
anthropogenic activities on wild genetic resources
and what role can and will ex situ and in situ
conservation play in preserving both wild and
domesticated AqGR? We can be sure that AqGR
will play a major role in the future production
of fish and fish products and must therefore be
subject to improved conservation, sustainable use
and development; however, to best deliver this
improvement, who will play the key roles in this
process, what changes do we need in governance
and what are the capacity-building requirements?

While the Report cannot provide answers to all
of these questions, it represents a first attempt
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to gain a comprehensive understanding of the
current global status of AqGR and provides a
snapshot of this status on which future actions
to support the conservation, sustainable use and
development of AqGR can be predicated.
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CHAPTER 2

PURPOSE: The purpose of this chapter is to review issues around the use of aquatic genetic
resources (AqGR), primarily in aquaculture, and the application of genetic technologies to
AqGR. This chapter includes analysis of data provided in Country Reports in response to
questions 1-14 in the questionnaire.’ These questions include key elements of the Country
Reports in which countries provided inventories of AqGR for food and agriculture that are
used in aquaculture and their wild relatives.

KEY MESSAGES:

The country reporting process provided some new information, including on farmed types
(AgGR below the level of species) not captured in regular reporting of production. This
highlights the need for improved information systems for AQGR.

There is a lack of standardization of nomenclature and terminology for AQGR making
description and comparisons across AqGR difficult.

Countries reported farming of nearly 700 species or species items, with Asia farming the
most species and major aquaculture producing countries farming a greater diversity of
species. The two most commonly reported species being farmed globally were common carp
(Cyprinus carpio) and Nile tilapia (Oreochromis niloticus).

Introduced or non-native species are very important in aquaculture, with over a third of
farmed species or species items being farmed where they are non-native.

Aquaculture production is reported as increasing in most countries and this is expected to
continue for most species.

Country Reports suggest potential gaps in the current FAO aquaculture data collection
systems, with production statistics on many species potentially missing.

Just over 40 percent of species reported by countries were farmed as wild types, with the
remainder being subjected to some form of genetic change (e.g. selective breeding, hybridi-
zation, polyploidization). Selective breeding was the technology most often used to improve
traits in aquatic species.

Forty-five percent of countries reported that genetic improvement did not contribute to
aquaculture production to any significant extent.

Most of the programmes on selective breeding were funded by the public sector, but the
private sector was the main funder of all other technologies. Public financing of genetic
improvement programmes was more prevalent in the major producing countries.
Aquaculture depends on AqGR from the wild in the form of early life history stages or
broodstock to at least some extent in almost 90 percent of the reporting countries.

Wild relatives play a significant role in fisheries and aquaculture, with management plans
existing for most of those that are fished. However, the abundance of many wild relatives is
declining, due mainly to habitat loss and degradation and to pollution.

Genetic data may exist for wild relatives, but these data are often not used in management.
Over one-third of farmed aquatic species or species items were reported to have been
exchanged (import and export), with Nile tilapia (O. niloticus) and North African catfish
(Clarias gariepinus) the most exchanged species globally. There are many benefits arising
from exchange of germplasm, but there are risks around biosecurity (disease and genetic)
and appropriate access and benefit-sharing arrangements are often lacking.

9 www.fao.org/3/a-bp506e.pdf
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2.1 Introduction

The use and exchange of aquatic genetic resources
(AqGR) of farmed aquatic species and their wild
relatives has been practised for millennia. The
earliest humans gathered finfish, shellfish and
aquatic plants from wetlands and coastal areas
in Africa. This practice continued as humans
migrated out of Africa. Artifacts found in middens
around the world provide evidence of prehistoric
fishing occuring during early human occupation
(Sahrhage and Lundbeck, 1992).

Early evidence of fish farming has been found
from over two thousand years ago in China, as well
as from ancient Rome, where Romans held marine
species in special coastal enclosures not only for
eventual consumption, but also as an indicator
of wealth and status. European monks farmed
and transferred the common carp from its native
range in Asia and the Danube River to many parts
of Europe; the scientific name for common carp,
Cyprinus carpio, is derived from the fact that the
fish was introduced to Western Europe through
Cyprus (Nash, 2011).

Aquatic biodiversity is used extensively in
fisheries and aquaculture (see Chapter 1 and
Bartley and Halwart, 2017); most information
on this biodiversity, in terms of production and
number of farmed organisms and their wild
relatives, is recorded at the level of species. Little
information is available on the broader genetic
diversity of farmed organisms and their wild
relatives. The submission of Country Reports, in
response to the questionnaire given to National
Focal Points, provided a unique opportunity to
enhance our knowledge of the current status of
farmed AgGR and their wild relatives.

2.2 Information on aquatic
genetic resources in fisheries and
aquaculture

Accurate and timely information lies at the heart
of documenting the use and status of genetic
resources of farmed species and their wild

CHAPTER 2: THE USE AND EXCHANGE OF AQUATIC GENETIC RESOURCES OF FARMED AQUATIC SPECIES
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relatives. FAO serves as the global repository for
national statistics on fisheries and aquaculture
production.

The international standard for collecting and
reporting fisheries and aquaculture production
includes the Aquatic Sciences and Fisheries
Information System (ASFIS) list?®® and the clas-
sification system of the International Standard
Statistical Classification of Aquatic Animals
and Plants (ISSCAAP). Members of FAO are
recommended to utilize and align with the ASFIS
nomenclature for collecting national fisheries
and aquaculture statistics both in the case of their
own use and when reporting to FAO.

As of 2017, the ASFIS list contained over 12 700
species or species items.?’ The nomenclature
included only 12 species items below the level
of species (i.e. “farmed types”), with these being
limited to a few commercially produced hybrids.
The list did not include any other farmed types,
such as stocks, strains or varieties of farmed
species or their wild relatives. It will only be
possible to include more farmed types within
ASFIS if and when FAO member countries report
production data of clearly identified and properly
described types.

Information about AQGR below the level
of species can be extremely useful to resource
managers, policy-makers, private industry and the
general public. Genetic diversity is the basis for
selective breeding programmes and other genetic
improvement technologies in aquaculture. It also
allows for natural populations to evolve and to
adapt to changing environments. Information on
genetic diversity can be used, inter alia, to help
meet production and consumer demands, to
prevent and diagnose disease, to trace fish and
fish products in the production chain, to monitor
impacts of introduced species on native species,

20 www.fao.org/fishery/collection/asfis/en

21 The ASFIS list and the Country Reports contain entries that
are not single species, either representing groups of species,
(e.g. Oreochromis spp.), higher-level taxa such as Cichlidae, or
farmed types that are not pure species (e.g. hybrids). Therefore,
in the analyses presented here and in FAO databases, “species”
also includes “species items”.
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to differentiate cryptic species, to manage
broodstock, and to design more effective conser-
vation and species recovery programmes.

However, the majority of resource managers
and those government officials who have
routinely submitted information to FAO either
do not use or cannot command sufficient access
to information on the genetic diversity of farmed
aquatic species and their wild relatives to report
below the level of species, for example on stocks
and strains.??

The Commission on Genetic Resources for
Food and Agriculture (CGRFA) recognizes that
substantial production from aquaculture and
capture fisheries is in fact based on groups
below the level of species and that genetic
information has a variety of applications in
both aquaculture and fishery management.
It therefore requested FAO to undertake a
thematic study to explore means of incorporat-
ing genetic diversity and indicators into statistics
and monitoring of AqGR of farmed aquatic
species and their wild relatives. FAO hosted an
expert workshop on this issue (FAO, 2016), and
the outputs of this workshop formed the basis
for the thematic background study.”® Some of
the key findings from this study are summarized
in Box 7 including a proposed format for an
information system on AqGR.

Given the complexity and resources required
to develop an information system for AqGR,
incentives would need to be developed to
motivate governments, resource managers and
private industry to participate and contribute to
the information system. Such incentives could
include:

e access to funds aimed at helping countries

meet international commitments, (e.g. from

22 The National Focal Points for AqGR have helped provide
information below the level of species specifically for this report
and are gratefully acknowledged.

This section draws significantly on content from the thematic
background study on Incorporating genetic  diversity
and indicators into statistics and monitoring of farmed
aquatic species and their wild relatives (also available at
www.fao.org/3/a-bt492e.pdf).

~
iy

mechanisms of the Convention on Biological
Diversity or the Global Environment Facility);

e access to markets for private industry
through improved traceability and certifica-
tion schemes; and

e opportunities for international and national

organizations to become centres of
excellence for information on AqGR.

To address the costs and complexities, options
exist for incorporating genetic diversity into
statistics and monitoring programmes. As a first
step, an inventory of farmed types and strains
of wild relatives could be created that would
not involve monitoring and assessment. This
inventory would provide an accessible system
for documenting the aquatic genetic diversity
in fisheries and aquaculture. Monitoring would
require an information system into which data
can be entered repeatedly over time. The cost of
inputs to and maintenance of the information
system would be lower with less frequent input.

The Country Reports that were provided as a
basis for the Report contain much information
that could be used as baseline data for incorpo-
ration into a database that would allow some
monitoring of the status and trends of AqGR.
Rapid advances in genetic technologies and
a growing need for sustainable aquaculture
production suggest that AgGR should be
monitored at relatively frequent intervals to
provide current information on changes, oppor-
tunities and threats. Reporting at this level would
further promote capacity building and continuity,
i.e. a body of experts, resource managers, industry
representatives and other interested stakehold-
ers who would provide, analyse and use the
information.

International organizations, private industry
and national governments must commit to con-
tributing to the information system. In light of
the necessity for efficiently feeding a growing
human population, these stakeholders would
be well served by incorporating genetic diversity
information into national management, reporting
and monitoring programmes and then reporting
this information to the global community.
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Box 7

The challenge of incorporating genetic diversity and its indicators into national statistics and
monitoring of farmed aquatic species and their wild relatives

Examples of incorporating genetic diversity into
national and global reporting and monitoring do
exist; however, they appear primarily in the terrestrial
agriculture sector, where the nomenclature for
breeds and varieties has been standardized and

used for centuries. In the aquaculture sector, the
establishment of strains of most species is a much
more recent practice, and thus the nomenclature and
characterization of strains are not standardized.

In capture fisheries, genetic diversity is sometimes
used in fishery management of high-value species, but
this is dependent on the establishment of baseline
data and on regular sampling, monitoring and analyses
of the fish stocks, which is often beyond financial and
technical capacities for many species and areas. Stock
identification in capture fisheries has traditionally
been based on geographic location; production has
been reported and monitored accordingly.

Some countries maintain registries of nationally
important aquatic species, but production information

is not routinely included unless the stock or species is
considered threatened or endangered.

Significant constraints exist to developing an
information system below the level of species for
aquatic genetic resources, including:
¢ the absence of a standardized genotypic and

phenotypic description or definition of a “strain”

or "stock”;

¢ the lack of complete baseline data that genetically
characterize a strain or stock; and

¢ the private aquaculture industry’s view that genetic
information for their products is proprietary

(FAO, 2016).

Nonetheless, an expert workshop proposed the
development of an information system to complement
FAQ's current work on fishery and aquaculture
statistics (FAO, 2016). The table below identifies the
types of information that could be recorded in such
an information system for farmed types and wild
relatives.

Information for farmed types

Information for wild relatives

Respondent - name of person providing
information

Respondent - name of person providing
information

Taxonomic status, genus, species and farmed type

Taxonomic status, genus and species

Genetic characteristics of the farmed type

Genetic status and characteristics of the wild
relative

Source of farmed type, from wild or aquaculture

Source of wild relative, native or introduced

Breeding history

Migratory pattern

Distinguishing characteristics and common name

Designation of stock name and distinguishing
characteristics

Where farmed

Records of occurrence

Farming system(s)

Habitat(s), distribution and range

Time series of production

Exploitation or use

Abundance

Status, presence and abundance

Source of further information

Source of further information
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A global information system on AqGR does not
yet exist, and where such systems exist at national
levels they are not comprehensive and only
include information on the species that dominate
production. Therefore, a new information system
with input from countries needs to be established.
This will require human and financial resources
as well as significant capacity building in many
areas.

2.3 The use of aquatic genetic
resources in food production

This section is based primarily on the data collected
from the Country Reports, using data summarized
from Chapter 1 of the questionnaire. This section
of the questionnaire included 14 questions
focused on identifying current and future trends
in production, the availability of information and

FIGURE 12

data on AQGR, the prevalence of wild caught
AQGR in aquaculture and the impact of genetic
improvement. It also included core questions
that required countries to inventory the AqGR
currently and potentially used in aquaculture in
their countries, the exchanges of these AqGR and
the status of their wild relatives.

2.3.1 Availability of information

on aquatic genetic resources in
aquaculture

Countries reported that the naming of species
was generally accurate, up to date and in line
with the ASFIS species list. This finding was
relatively consistent across regions (Figure 12)
and when countries were grouped by economic
status (Figure 13) and by level of aquaculture
production (data not shown). However, countries
reported that there are still inconsistencies in
nomenclature below the level of species.

Country responses indicating if their naming of aquatic species and farmed types is accurate and up

to date, by region
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Source: Country Reports prepared for The State of the World’s Aquatic Genetic Resources for Food and Agriculture: responses to Q3

(n=91).

42 ‘ THE STATE OF THE WORLD'S AQUATIC GENETIC RESOURCES FOR FOOD AND AGRICULTURE



FIGURE 13

Country responses indicating if their naming of aquatic species and farmed types is accurate and up

to date, by economic class
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Source: Country Reports prepared for The State of the World’s Aquatic Genetic Resources for Food and Agriculture: responses to Q3

(n=91).

2.3.2 The diversity of farmed species
used in aquaculture
The current list of farmed aquatic species reported
to FAO contains over 550 species or species items
from inland, marine and coastal waters (Table 12).
Farmed aquatic species are taxonomically diverse
and come from multiple phyla (Table 14). It is
known from production data that aquatic species
are farmed throughout the world, with approx-
imately 130 countries traditionally reporting to
FAO through the annual submission of statistics
by FAO member countries (FAO, 2018a).
Information from the Co