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PREPARATION OF THIS DOCUMENT

As part of an ongoing commitment to improve global understanding of the role and value of inland
fisheries, the FAO Fisheries Resources Branch (FIAF) produces the periodic FAO Fisheries and
Agquaculture Circular No. 942 (C942) entitled Review of the state of world fishery resources: inland
fisheries. The first publication of the circular (FAO, 1999) was issued in 1999 and the latest version
(Welcomme, 2011) was published in 2011, it is therefore time to produce an update.

Previous versions of C942 (Rev. 1, Rev. 2) have focused on analysis of the FAO inland fishery statistics
to derive national and regional trends. They also cover thematic issues relevant to inland fisheries. This
third revision (C942 Rev. 3), the present publication, seeks to go beyond the analysis of trends in catch
and provide a deeper analysis of the state of inland fishery resources and their importance/relevance to
the achievement of the Sustainable Development Goals (SDGs), in particular, SDGs 2, 3, 6, 7 and 15.%

It aims to improve global understanding and appreciation of the contribution of inland fisheries to food
security and human nutrition, ecosystems services and biodiversity resources and livelihoods, (also
other services such as employment and inclusive growth). The C942 Rev. 3 therefore seeks to:

e quantify global inland fisheries resources in terms of food production, nutrition, employment
and economic contribution with respect to those countries/regions or subnational areas where
they are important;

e provide baseline values of what might be lost as a result of impacts, drivers and poor
management and the potential replacement cost of this (in terms of dollars, other resources
such as land and water, feeds, labour etc.); and

e provide updated discussion on ways to measure and assess inland fisheries, in particular, how
to establish more accurately the inland fishery catch in the many situations where there are
challenges to the collection of catch statistics.

The structure of the C942 Rev. 3 builds on the previous revisions of the circular (C942, C942 Rev. 1
and C942 Rev. 2) with the specific objectives to:

e update and expand the scope of previous reviews of the state of world fishery resources:
inland fisheries, C942 Rev. 1 (FAOQ, 2003) and C942 Rev. 2 (Welcomme, 2011);

o review the status and trends of inland fisheries catch at global, continental and subcontinental
levels;

e place inland capture fisheries in the context of overall global fish production, and call

attention to the importance of inland capture fisheries with respect to food security and

nutrition;

develop an analysis of the economic value of inland fisheries;

assess the contribution to employment and the gender differences related to this;

assess the extent and value of recreational inland fisheries;

examine the linkage between inland fisheries and biodiversity; and

explore the approaches that may be used to develop improved estimates of inland capture

fishery production.

These objectives of the C942 Rev. 3 are guided by the recommendations of the 2016 FAO Committee
on Fisheries (COFI) that called for improved assessment of inland fisheries and their contributions to
food security. They are also guided by the Rome Declaration — 10 Steps that emerged from the 2015
Global Conference on Inland Fisheries (see Taylor et al., 2016).

All maps in this document were generated using the QGIS Geographic Information System (QGIS
Geographic Information System. Open Source Geospatial Foundation. URL http://ggis.osgeo.org)
using the Database of Global Administrative Areas (GADM) shapefiles (https://gadm.org/).

! Arguably, this would also include SDG14 Life below water, as there are many common objectives to
freshwater fisheries, however this SDG has been framed in an exclusively marine context.


http://qgis.osgeo.org/
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ABSTRACT

The FAO Fishery and Aquaculture Circular C942 Revision 3 (C942 Rev. 3) updates and
expands the scope of previous revisions of the circular. C942 Rev. 3 is an important baseline
document, intended to assist in the global understanding of inland fisheries and inform dialogue
on their current and future role.

The third revision reviews the status and trends of inland fisheries catch at global, continental
and subcontinental levels. It places inland capture fisheries in the context of overall global fish
production, and calls attention to the importance of inland capture fisheries with respect to food
security and nutrition and the Sustainable Development Goals. It quantifies global inland
fisheries resources in terms of food production, nutrition, employment, economic contribution
with respect to those countries/regions or subnational areas where they are important.

A characterization approach to distinguish large-scale and small-scale fishing operations and
their relative contributions is provided. The review provides estimated economic values of
inland fisheries, as well as a valuation of potential replacement cost of these (in terms of dollars,
other resources such as land and water, feeds). There is also an analysis of the extent and
economic value of recreational inland fisheries. The contribution to employment and the gender
differences related to this are quantified. The linkages between inland fisheries and biodiversity
are also explored. C942 Rev. 3 discusses ways to measure and assess inland fisheries, in
particular, how to establish more accurately inland fishery catches in the many situations where
there are challenges to collection of catch statistics.
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DEFINITIONS USED IN THIS REVIEW

This term refers to lakes, rivers, brooks, streams, ponds, inland canals, FAO
Inland waters dams, and other landlocked waters (usually freshwater) such as the CWP
Caspian Sea and the Aral Sea. Handbook
Inland capture The extraction of living aquatic organisms from natural or man-made FAO
fishery inland waters, but excluding those from aquaculture facilities. (2011)
The release of cultured or wild aquatic organisms at any life stage into
. - S FAO
Stocking an aquatic ecosystem for the purpose of enhancement, stock rebuilding (2011)
or biological control.
Fisheries that are supported by activities aimed at supplementing or
sustaining the recruitment of one or more aquatic organisms and
raising the total production or the production of selected elements of a
L . S . FAO
Enhanced fisheries fishery beyond a level which is sustainable by natural processes.
. ' . ! L (2011)
Enhancement may entail stocking with material originating from
aquaculture installations, translocations from the wild and habitat
modification.
Culture—based Capture fisheries which are maintained solely by stocking with FAO
fisheries material originating from aquaculture installations. (2006)
A fishery management tool with the sole purpose of providing better FAO
Habitat enhancement  environmental conditions for desired species of fish, e.g. the Term
construction of brush parks as found in tropical Africa and Asia. Portal
Naturally In fisheries enhanced through stocking, that component of the total
. . L . . FAO
reproductive stock stock that is maintained by natural reproduction. This component may
; . . . . (2011)
component include organisms derived from natural reproduction of stocked fish.
Any fishing for which the primary motive is leisure rather than profit, FAO
Recreational fishing  the provision of food or the conduct of scientific research and which Term
does not involve the sale, barter, or trade of part or all of the catch. Portal
) Species (including associated races or strains) that are intentionally or
Introduced species accidentally transported and released by humans into an environment FAO
(alien species) outside their natural range. (Adapted from Avrticle 8(h) of the (2011)
Convention on Biological Diversity)
Translocations Movement of individuals of a species or population, intentionally or FAO
(transfers) accidentally transported and released within their natural range. (2011)

The determination of what constitutes “inland waters” for the purpose of fishery statistical reporting
was considered by the FAO Coordinating Working Party on Fishery Statistics (CWP) at its Fourteenth
Session in Paris, France (FAO, 1990). The important consideration was that salinity was an inadequate
criterion for separating inland waters from marine waters. It concluded that FAO member countries
should identify waterbodies or areas that might present problems of categorization and report these to
FAO. The principle goal is to ensure that fish catch is not double counted. This does mean that
brackishwater lagoons and low salinity inland seas might be considered marine or inland waters by
different countries. In the case of separation by species, this is also an inadequate criterion when used
alone, as some species are found in both marine and freshwaters.
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EXECUTIVE SUMMARY

The global population now stands at 7.6 billion and is projected to rise to 9.7 billion people by 2050.
Inland capture fisheries have an important role to play in this global challenge to sustainably feed this
growing population, as they deliver quality nutrition to some of the world’s most vulnerable populations
in a manner that is both accessible and affordable. These nutritional and food security benefits are an
integral part of the agricultural landscape of these countries; they are also increasingly impacted and
changed as countries develop their agricultural water and land resources. It is vital to recognize that in
our efforts to irrigate water-hungry crops for cereals and feeds for livestock, or to provide hydropower
energy for burgeoning cities, we are undermining the very basis of an existing and often important food
production system. In some cases, it is possible to seek some co-existence or even capture synergies,
but elsewhere decisions on trade-offs are necessary and this requires full awareness of who and what
this will impact, in terms of livelihoods and food security.

The country distribution of inland fisheries catches is worldwide with catches concentrated around rich
water resources such as lakes, rivers and floodplains, especially where there are higher population
densities of rural people able to exploit these resources. The world’s largest inland capture fisheries are
particularly concentrated in the tropical and subtropical latitudes of the world. In regions that are
economically more developed, the use of inland waters for capture fisheries tends to change to the use
of these waters for recreational purposes

INLAND FISHERY CATCH, CATCH TREND AND HIDDEN CATCH

FAO reported an inland fisheries catch of 11.47 million tonnes in 2015, representing 12.2 percent of
total global capture fishery production. Seventeen countries produce 80 percent of this global inland
fishery catch and a further 10 percent of global catch is produced by a further 12 countries. The next 7
percent is produced by 26 countries and the remaining 3 percent comes from 96 other countries.

Inland fisheries are predominantly small-scale in nature, but large-scale and commercial inland fisheries
do make a contribution to livelihoods and food security. Global catches from large-scale inland fisheries
have an aggregate catch of between 1 140 000 and 1 340 000 tonnes, representing 11 to 13 percent of
total global inland fisheries catch. Commercial inland fisheries produce 700 000 to 900 000 tonnes of
catch destined for extended or specialized commercial value chains. Some of this is derived from small-
scale fishing units, but between 540 000 to 740 000 tonnes are harvested by large-scale commercial
units. The small pelagic inland fisheries of the African Lakes region contribute more than half of the
global commercial inland fisheries catch, producing between 787 236 and 791 028 tonnes. These
fisheries make an important contribution to African food security as part of an extensive and complex
regional trade network across the continent.

The Asian region (excluding China) has the highest inland fishery catch representing 46 percent of the
global total. China contributes an additional 20 percent to this. This high contribution is a function of
the major inland fishery ecosystems and wetlands (including vast areas of managed ricefield
ecosystems) that present extensive and productive habitats. It is also linked to high population densities
capable of intensively exploiting these resources and a widespread, strong tradition of fish consumption.
Africa is the second largest catch of inland fisheries, but just under half that of Asia. Importantly, the
catch per capita (2.56 kg/capita/yr) is far higher than that of Asia (1.99) or China (1.63). This indicates
the relative importance of inland fisheries to Africa, which does not yet have a major aquaculture
industry. The American continent has a reported inland catch of 570 515 tonnes produced mainly in
South and Central America. This low value might be considerably higher if the retained recreational
catch of North American countries was included. The European catch is low at 150 017 tonnes, but
might be considerably higher with the inclusion of the retained catch of recreational fishers and those
that catch fish on an occasional basis for household consumption. The catch of Oceania is largely
confined to Papua New Guinea, New Zealand, Australia and Fiji. The Arabian region has no reported
inland fishery catch.

The growth in global inland fisheries catch over the past decade has been driven by 34 countries. The
principal countries driving this trend were China PR, India, Cambodia, Indonesia, Nigeria, the Russian
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Federation and Mexico. There are 37 countries that indicated an increasing production trend over the
past decade representing 58.7 percent of global inland fish catch. There were 28 countries that indicated
decreasing production but represent only 5.9 percent of global inland fish catch, (the trend in this group
is driven by Brazil, Thailand, Viet Nam and Turkey). There are 27 countries that demonstrate stable
catches (the major contributors to global catch in this group are Tanzania UR, Congo DR, Mali and
Kazakhstan) and represent only 7.7 percent of global catch. The remaining 17 countries had no
discernible trend of increase or decrease in their catch, these countries representing 12.6 percent of
global catch (this group is driven by Bangladesh and Egypt, followed by Zambia). Even in countries
that report declining catches, inland fisheries remain extremely important at the subnational level (e.g.
the Mekong basin, the Amazon basin) and there is no case for complacency.

There are plausible reasons to consider that the total global inland fishery catch figure may be an
underestimate. Based on the modelling of inland fisheries catch using household consumption surveys
applied to the 2008 reported figures, total global inland fishery catch was estimated to be 64.8 percent
higher (13.93 million tonnes) than the reported figure (10.3 million tonnes). The confidence interval
for this study (11.82 to 16.12 million tonnes) is still in excess of the current globally reported 2015
reported catch (11.47 million tonnes).

CHARACTERIZATION OF INLAND FISHERY TYPES

An analytical method to support the objective characterization of the scale and nature of inland fisheries
was developed for this review. This method uses a matrix approach across a number of characteristics
related to scale, including vessel and fishing methods, labour and employment, the nature of fishing
trips and area, and the disposal of the catch. The approach recognizes the multi-character nature of the
scale of fishing operations and avoids inappropriate classifications that can emerge when relying on a
single characteristic or a highly-constrained number of characteristics, such as gear and vessel length.
The method therefore provides an approach to assess scale objectively without imposing a narrow
definition based on a single or highly constrained number of quantitative metrics. This method allowed
the disaggregation of small and large scale inland fishery catches and the distinction of catch from
commercially organized fishing operations.

CONTRIBUTION TO SUSTAINABLE DEVELOPMENT, HUMAN
NUTRITION AND FOOD SECURITY

Small-scale inland fisheries catch tends to be directed for local human consumption and plays an
important direct role in food security (note the exception with the African, small, inland-pelagic fish).
Ecosystem services from freshwater environments and inland capture fisheries influence human well-
being by alleviating poverty and contributing to food and livelihood security. Inland capture fisheries
and their ecosystem services provide a broad range of benefits for development and contribute directly
to the Sustainable Development Goals (SDGs). Despite this, the inland fisheries sector is typically
ignored or overlooked in policy and global debates on food security.

Global inland fishery production is reported at 11.47 million tonnes of fish in 2015. This is equivalent
to the full dietary animal protein of 158 million people. At least 43 percent (4.9 million tonnes, 2015)
of the world’s inland fish capture harvest comes from 50 low-income food deficit countries (LIFDCs).
At least 11 percent of global inland fishery production (1.3 million tonnes, 2015) comes from
landlocked countries. Inland fish provides nutritional quality to countries where there are otherwise
poor diets, due to poverty and limited access to other forms of quality food. Inland fisheries are efficient
producer of food, with a far lower resource use footprint when compared with livestock or other protein
dense foods. In low GDP countries with inland fisheries, the per capita supply of fish food produced
from inland waters is greater than that of marine capture fisheries or aquaculture.

THE ECONOMIC VALUE OF INLAND FISHERIES

The economic value of inland freshwater fisheries catches (as reported to FAO) is estimated to be
approximately USD 26 billion. The major contributions to this come from Asia (66.1 percent) and
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Africa (22.2 percent). It is acknowledged that a significant proportion of the inland catch is “hidden”
and therefore unreported, although this proportion has probably reduced over the past few years as a
result of improved reporting. If this hidden component is included in the valuation, the estimated total
use value of inland freshwater fisheries rises to USD 38.53 billion. This value is further increased to
USD 43.53 billion if the value of freshwater molluscs and crustaceans is included. The value of capture
fisheries is somewhat dwarfed by the use values generated by recreational fishing. With a 2015 non-
market use value (NMUV) of recreational fishing estimated to lie somewhere between USD 64.55
billion and USD 78.55 billion. The United States of America and Canada account for almost 72 percent
of this value. It is considered that the NMUV is almost certainly an underestimate because of the lack
of data from Africa and limited data from Asia and Latin America, despite their burgeoning recreational
fishing activity. Aggregating the NMUV of inland recreational fisheries and the UV of inland capture
fisheries indicates that the total UV of the inland fishery sector is worth an estimated USD 108 billion
to USD 122 billion annually. If the costs of capture (value added ratio:VAR) are discounted, the gross
value added (GVA) of inland capture and freshwater recreational fisheries is still between USD 90
billion and USD 100 billion.

EMPLOYMENT IN INLAND FISHERIES

Inland capture fisheries employ between 16.8 million and 20.7 million people, with a further 8 million
to 38 million employed in the post-harvest sector. This represents about 2.5 percent to 6 percent of the
global agricultural workforce. Women represent more than 50 percent of the workforce in inland
fisheries. Inland fisheries are predominantly rural, small-scale fisheries with limited commercial large-
scale fisheries. Inland fisheries are generally less dangerous than marine capture fisheries but, because
of the poverty of small-scale inland fishers, there are still problems with child labour and unsafe working
conditions in some inland fisheries.

WOMEN’S INVOLVEMENT IN INLAND FISHERIES

Women’s engagement in inland fisheries is often invisible although they play a significant role in many
fisheries. Women are often narrowly associated with post-harvest processing and marketing activity,
but they also engage in fishing. In 61 countries that report disaggregated data and where women a
recognized as fishers, the ratio is 1 fisherwoman to every 7.3 fisherman. There are 44 countries which
report that women do not engage in fishing. Women’s access to income from fish processing and
marketing may have a stronger and more beneficial impact on household incomes than income from
fishing by men. Despite their dependence upon the fishery, this may be poorly reflected in fishery
management decision-making processes. Vulnerable women engaged in post-harvest marketing of fish
may be dependent upon male fishers for access to fish, relying on transactional sex for preferential
supply of fish.

RECREATIONAL FISHERIES

Recreational fishing involves considerable numbers of people around the world in both developed and
developing countries. There is an average of 6.7 percent of the population engaged in recreational
fisheries in those countries where recreational fishing is a common activity (>174.5 million). Some
estimates place this figure higher. A sense of the value of recreational fisheries can be derived from
direct costs, which are estimated in excess of USD 44 billion per year. The indirect costs are estimated
at over USD 100 billion per year. Indications from a number of countries suggest that the retained catch
from inland recreational fisheries is likely to be substantial, about 5.4 percent of total global reported
catch. This catch is reported rarely to FAO, therefore at least some of this catch explains under-reporting
in countries such as those in Eastern Europe, the Russian Federation, Ukraine, Central Asia and North
America. The introduction and establishment of non-indigenous fish for recreational fishing would
benefit from more systematic reporting as their potential to become invasive often only becomes
apparent a considerable time after the initial introduction.
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INLAND FISHERIES LINKAGE TO AQUATIC BIODIVERSITY

Aquatic ecosystems (inland and marine) represent the most biodiverse sources of food consumed by
humans. This includes vascular plants and algae, and animals such as crustaceans, molluscs, reptiles,
amphibians and finfish. Freshwater ecosystems cover only about 1 percent of the earth’s surface, but
provide habitat for over 40 percent (13 000) of the world’s freshwater fish species. Another 2 000
species of fish can also live in brackishwater. In general, the level of knowledge on freshwater
biodiversity (i.e. species richness, endemism, production, level of endangerment and value), is poor or
out of date for many areas. Freshwaters are one of the ecosystems most heavily impacted by humans.
Major impacts on biodiversity include pollution, habitat loss and degradation, draining wetlands, river
fragmentation and poor land-management. Biodiversity of fish can and does serve as indicators of
ecosystem health. Freshwater biodiversity is threatened and has declined in many areas as a result of
these impacts. According to the IUCN Red List, the highest number of threatened, endangered or extinct
species is in Asia. The greatest freshwater diversity in inland fisheries is found in Asia, but South
America has the greatest overall fish biodiversity (i.e. not limited to freshwater). The neotropical
regions contain the highest amounts of fish biodiversity and the tropical and subtropical floodplain
rivers and wetlands are the ecoregions with the highest levels of biodiversity. South America also has
the highest levels of endemism. Rice fields are an important source of biodiversity and include over 200
species of fish, insects, crustaceans, molluscs, reptiles, amphibians and plants (in addition to rice) that
are used by local communities. Many freshwater species are important to the aquaculture industry as
sources of broodstock for spawning and early life history stages (e.g. eggs, larvae) for ongrowing. Non-
native aquatic species can contribute significantly to the production and value in inland fisheries and
aquaculture. The use of international guidelines on species introductions and a precautionary approach
are advised when considering moving species into new areas.

METHODS FOR ASSESSMENT OF INLAND FISHERIES

The review concludes with the exploration of ways to improve the assessment of inland fisheries.
The known limitations of inland fishery statistics and the assessment of inland fisheries are described
and aseries of methodologies to try to improve this situation are presented. The methods use innovative
approaches such as household consumption surveys, habitat yield models and a basin approach to
inland fishery characterization. Methods to estimate the intrinsic value of inland fisheries using a
replacement methodology are also reported.
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SUBREGIONAL COUNTRY GROUPS USED IN THIS REVIEW

One of the challenges of integrating information relevant to inland fisheries is that the delineation of
boundaries varies according to the information source. This is linked to the purpose to which the
information is being used. FAO fishery statistics are not recorded at fishery or basin/sub-basin level.
They are reported to FAO as a national aggregate statistic that is compiled from a range of fisheries
based on different habitats that are related to the size and geography of a country. This means that the
national figure will represent the fisheries of a number of basins, and range of fisheries — spanning
rivers, lakes, floodplains and wetlands. In many cases, inland fishery production areas are not wholly
contained within a national boundary and are part of a transboundary river basin.

It is possible to group countries into subregional clusters that reflect common climatic characteristics,
or even at a level that reflects their shared water resources (e.g. countries within a basin). The
subregional groups that are used to present the inland fisheries statistics in this review comprise groups
of countries that align more or less with identifiable regions and subregions, or in some cases (e.g. the
African Sahel, African Great Lakes) a cluster of countries that have a particular common feature or
climatic characteristic. The countries and their subregional groupings are presented below.

Region Sub-region Countries
Africa North Algeria, Libya, Morocco, Tunisia
Sahel Burkina Faso, Chad, the Gambia, Mali, Mauritania, the Niger, Senegal
Nile Basin Egypt, Ethiopia, South Sudan, the Sudan
East Coast Djibouti, Eritrea, Somalia
West Coast Benin, Cameroon, Cote d'lvoire, Equatorial Guinea, Ghana, Guinea,
Guinea-Bissau, Liberia, Nigeria, Sierra Leone, Togo
Burundi, Kenya, Malawi, Rwanda, the United Republic of Tanzania,
Great Lakes
Uganda
. Central African Republic, the Congo, the Democratic Republic of the
Congo Basin
Congo, Gabon
Southern Angola, Botswana, Lesotho, Mozambique, Namibia, South Africa, the
Kingdom of Eswatini, Zambia, Zimbabwe
Islands Madagascar
Asia Brunei Darussalam, Cambodia, Indonesia, the Lao People’s Democratic
Southeast Republic, Malaysia, Myanmar, Philippines, Singapore, Thailand, Timor-
Leste, Viet Nam
South Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka
. China, China, Hong Kong SAR, China, Macao SAR, Taiwan Province of
China .
China
East Japan, Democratic People’s Republic of Korea, the Republic of Korea
West Iran (Islamic Republic of), Iraq, Israel, Jordan, Lebanon, Palestine, the
Syrian Arab Republic, Turkey
Central Afghanistan, Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan,
Mongolia, Tajikistan, Turkmenistan, Uzbekistan
Russmn_ - Russian Federation
Federation
Europe Eastern Belarus, Bulgaria, Czechia, Hungary, Republic of Moldova,
Montenegro, Poland, Romania, Serbia, Slovakia, Slovenia, Ukraine
Northern Denmark, Estonia, Finland, Iceland, Latvia, Lithuania, Norway, Sweden
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Region Sub-region

Countries

Western

Andorra, Austria, Belgium, Channel Islands, Faroe Islands, France,
Germany, Ireland, Liechtenstein, Luxembourg, Netherlands, Switzerland,
United Kingdom

Southern

Albania, Bosnia and Herzegovina, Croatia, Cyprus, Greece, Italy, Former
Yugoslav Republic of Macedonia, Malta, Portugal, Spain

America
South

Argentina, Bolivia (Plurinational State of), Brazil, Chile, Colombia,
Ecuador, French Guyana, Guyana, Paraguay, Peru, Suriname, Uruguay,
Venezuela (Bolivarian Republic of)

Central

Belize, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua,
Panama

North

Canada, United States of America

Islands

Cuba, Dominican Republic, Falkland Islands (Malvinas), Haiti, Jamaica

Oceania

Australia, Fiji, French Polynesia, Micronesia (Federated States of), New
Zealand, Papua New Guinea, Samoa, Solomon Islands

Arabia

Bahrain, Kuwait
Oman, Qatar, Saudi Arabia, United Arab Emirates, Yemen

Not covered in this review

American Samoa, Anguilla, Antigua and Barbuda, Aruba, Bahamas, Barbados, Bermuda, British Virgin Islands, Cabo Verde, Cayman
Islands, Comoros, Cook Islands, Dominica, Greenland, Grenada, Guadeloupe, Guam, Kiribati, Maldives, Marshall Islands, Martinique,
Mauritius, Montserrat, Nauru, Netherlands Antilles, New Caledonia, Niue, Northern Mariana Island, Palau, Pitcairn Islands, Puerto Rico,
Reunion, Saint Helena, Saint Kitts and Nevis, Saint Lucia, Saint Vincent/Grenadines, San Marino, Sao Tome and Principe, Seychelles,
Tokelau, Tonga, Trinidad and Tobago, Turks and Caicos Islands, Tuvalu, United States Virgin Islands, Vanuatu, Wallis and Futuna

Island.
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INFORMATION SOURCES

The sources of specific data used in this document are referenced in the tables where they appear and
the full bibliographic reference is provided at the end of each chapter.

Large data sets for national and subnational levels have also been used to add context or supporting
analysis to the review of fisheries and their respective basins. These data sets used are as follows:

Data set

Source

Global inland fishery
production

FAO FishStatJ database:
http://www.fao.org/fishery/statistics/software/fishstatj/en

Population data

Total population: FishStat] (Dataset includes the Food Balance sheet workspace)
http://www.fao.org/fishery/statistics/software/fishstatj/en

Global labour force: International Labour Organization, using World Bank
population estimates.

http://data.worldbank.org/indicator/SL.TLF. TOTL.IN

GIS population data GPW: for 2015
http://sedac.ciesin.columbia.edu/data/collection/gpw-v4/whatsnew

Administrative unit
delineation

Hydrological/river
basin and sub-basin
delineation and
descriptions

Global administrative unit layers (GAUL):
http://www.fao.org/geonetwork/srv/en/metadata.show?id=12691

Major hydrological basins of the world:
http://www.fao.org/geonetwork/srv/en/metadata.show?id=38047

Major river basins of the world (2007): Global Runoff Data Centre (GRDC),
Koblenz, Germany: Federal Institute of Hydrology (BfG)

http://www.bafg.de/GRDC/EN/02 srvcs/22 gslrs/221 MRB/riverbasins _node.htm
|

Watersheds of the world: World Resources Institute
http://multimedia.wri.org/watersheds 2003/

Surface water and
water storage, dams,
lakes and reservoirs

HydroLAKES: global lakes 10 ha or larger
http://www.hydrosheds.org/page/hydrolakes

The global reservoir and dam (GRanD) database provides the location and
main specifications of large global reservoirs and dams with a storage capacity of
more than 0.1 km3 both in point and polygon format.

http://atlas.gwsp.org/index.php?option=com_contentandtask=viewandid=208andIt
emid=52

Biodiversity-related

We are especially grateful to Michele Thieme (WWF), Carmen Ravenga (TNC),
Paulo Petry (TNC) and Peter Mclintyre (University of Wisconsin) for information
on species richness and endemism.

Information on ecoregions and major habitat types was from Abell (2008)

Ecoregion data kindly provided by WWF/TNC Freshwater Ecosystems of the
World http://www.feow.org/ GIS Shapefile (2013)
http://www.feow.org/downloadlist

A global database on freshwater fish species occurrence in drainage basins
(Leprieur, F. et al., 2017) https://doi.org/10.6084/m9.figshare.c.3739145

Ramsar sites information service
https://rsis.ramsar.org/

National household
expenditure and
consumption surveys

Adept database of household income and expenditure surveys accessed by
FAO Food and Nutrition Service (ESN), FAO, Rome.
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1 SUMMARY OF GLOBAL INLAND FISHERIES

Simon Funge-Smith

The global population now stands at 7.6 billion and is projected to rise to 9.7 billion people by 2050
(FAO, 2017). Feeding this growing population is a recognized challenge and requires action across the
agricultural sector to achieve this in a sustainable manner. Inland capture fisheries have an important
role to play in this global challenge. They deliver quality food to some of the world’s most vulnerable
populations in a manner that is both accessible and affordable. These nutritional and food security
benefits are an integral part of the agricultural landscape of these countries and as a result will be
impacted and changed as countries increasingly develop their water and land resources to produce food
for their growing populations. Recognizing the current contribution of inland fisheries is vital for their
sustained contribution to food security, but it is also vital to recognize that in our push to irrigate water-
hungry crops for cereals and feeds for livestock, or to provide hydropower energy for burgeoning cities,
we are undermining the very basis of an existing and often important food production system. In some
cases we can seek some co-existence or even capture synergies, but elsewhere we need to make
decisions on trade-offs, fully aware of who and what this will impact in terms of livelihoods and food
security.

1.1 GLOBAL INLAND FISHERIES CATCH

FAO reported an inland fisheries catch of 11.47 million tonnes in 2015, representing 12.2 percent of
total global capture fishery production. Seventeen countries produce 80 percent of this inland fishery
catch ranging between 151 000 and 2.3 million tonnes (Table 1-1). A further 10 percent of global catch
is produced by another 12 countries with catches in the range of 50 000 to 150 000 tonnes. The next 7
percent is produced by 26 countries with catches in the range of 20 000 to 49 000 tonnes. The remaining
3 percent comes from 96 other countries ranging between 1 and 20 000 tonnes.

Table 1-1: Summary table of global inland fisheries catch (2015)

Total inland
% of fishery Range of national
global catch catch Countries
total (tonnes) (tonnes)
(2015)

China, India, Bangladesh, Myanmar, Cambodia,
Indonesia, Uganda, Nigeria, Tanzania UR , Russian
Federation, Egypt, Congo DR, Brazil, Philippines,
Thailand, Kenya, Mexico

80 9190291 151000 to 2 281 000

Viet Nam, Malawi, Pakistan, Chad, Mozambique, Mali,

10 1186 401 50 000 to 150 000 Ghana, Iran IR, Zambia, Cameroon, Sri Lanka, Lao PDR

Ethiopia, Kazakhstan, Angola, Peru, the Congo, South
Sudan, Niger, Turkey, Venezuela BR, Japan, the Sudan,
7 771 666 20 000 to 49 000 Senegal, Finland, Rwanda, Central African Republic,
Canada, Guinea, Madagascar, Uzbekistan, Iraq, Nepal,
Germany, Benin, Burkina Faso, Burundi, Ukraine,

1.6 182 773 10 000 to 20 000 12 countries
1.1 123 482 1 000 to 10 000 36 countries
0.1 4 887 1to 1000 48 countries




The Asian region (excluding China) has the highest inland fishery catch representing 46 percent of the
global total. China alone provides nearly 20 percent in addition to this (Table 1-2). This huge proportion
of the global catch is a function of the major inland fishery ecosystems and wetlands (including vast
areas of managed ricefield ecosystems) that present extensive and productive habitats. Coupled to this
is a high population density that is capable of intensively exploiting these resources, and a widespread,
strong tradition of fish consumption.

Table 1-2: Inland fishery catch by major region, per capita production and contribution to global
total (for subregional details see table Annex 1)

Inland . Total Fish production Global Global
capture Inland fishery renewable per unit of inland renewable
Subregion fishery catch production surface renewable fishery surface
(tonnes) (kg/(czaz)pl/%/)ear) water surface water catch (%) water
(2015) (kma3l/yr) (tonnes/km3/yr) (2015) (%)
Asia 5304 612 1.99 11023 1841 46.2 20.9
Africa 2860 131 2.56 5529 8716 24.9 10.5
China 2 281 065 1.63 2739 833 19.9 5.2
Americas 570 515 0.57 24 824 233 5 47.1
Russian Federation 285 090 1.84 4 249 67 25 8.1
Europe 150 017 0.24 3042 194 1.3 5.8
Oceania 18 030 0.5 1314 14 0.2 25
Arabia 0 0 5 0 0 0
GLOBAL 11 469 460 1.64 52 726 11 898 100 100
EXCLUDED
COUNTRIES" 0 0.00 227 0 0.0 04

*These are countries that report no inland fisheries production to FAO.

Africa is the second largest catch of inland fisheries, but just under half that of Asia. Importantly, the
contribution per capita (2.56 kg/capita/yr) is far higher than that of Asia (1.99) or China (1.63) (Figure
1-1, Table 1-2, details in Annex 1). This indicates the relative importance of inland fisheries to Africa,
which does not yet have a major aquaculture industry (762 406 tonnes in 2015).

Conversely, Asia (14.8 million tonnes) and China (30.7 million tonnes) both have substantial freshwater
aquaculture production, which makes an equal or higher contribution to the per capita consumption of
freshwater fish.

The American continent has a reported inland catch of 570 515 tonnes produced mainly in South and
Central America. This low value might be considerably higher if the retained recreational catch of North
America (estimated at 419 000 tonnes for Canada and the United States of America, see Section 2.5.3)
was accounted for in the statistics reported to FAO.

The European catch is lower still at 150 017 tonnes. This figure might be considerably higher with the
inclusion of the retained catch of recreational fishers and those that catch fish on an occasional basis for
household consumption, but that are not considered to be sport fishers/anglers (i.e. they are unlicensed
or fishing illegally).

The catch of Oceania is largely confined to Papua New Guinea, New Zealand, Australia and Fiji. Arabia
has no reported inland fishery catch.
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Figure 1-1: Global inland fishery catch, per capita of population (2013 data)

1.2 TRENDS IN NATIONAL CATCH 2007 TO 2016

Based on the FAO inland fishery catch statistics over the decade 2007 to 2016, the aggregated global
trend is one of steady growth. This global trend of inland fisheries production may be misleading, as it
shows a continuous increase over time. Some of this increase can be attributed to improved reporting
and assessment at country level and may not be increased production. The improvement in reporting
may also mask trends in individual countries where fisheries are declining.

To establish how this global inland fishery catch trend was composed, an analysis was made of
individual country catch for the decade 2007 to 2016. Analysis at the national level (using the Mann—
Kendall test for trend analysis, 90-percent confidence) can indicate the catch trend of individual
countries and thus the influence this has on the global inland fishery catch trend. This allows the
countries which are contributing positively to growth in inland fisheries to be identified, versus those
countries for which inland fishery catch has no clear trend or is declining.

It was not possible to use all the 153 countries that have an inland fishery catch. This is because a
number of countries do not report with sufficient regularity to FAO, requiring estimation of their
national catch. In order to base the trend analysis on national reports (and not FAO estimates), the
analysis excluded those countries which reported inland fishery catch to FAO seven or less times over
the decade (43 countries in total). The 43 countries excluded from the analysis represented 15.1 percent
(1 756 309 tonnes) of the global inland fishery catch for 2016. Of the remaining 110 countries, a Mann—
Kendall trend analysis (90-percent confidence level) was performed to establish the trend in reported
production (Table 1-3).



Table 1-3: Production trends and the relative contribution to the global catch

Catch trend
over decade Number | Aggregate | Percentage Countries having a significant effect on the group
of catch of global 0
2006 to countries | (tonnes) et (>1% of total catch of group)
2015
China (34%), India (21%), Cambodia (7%),
Increasing Indopesia (§%),_Nigeria, Russian Fe.derati.on,
catch 37 6 830 955 58.7 Mexico, Philippines, Kenya, Malawi, Pakistan,
Chad, Mozambique, Iran IR, Sri Lanka, Ethiopia,
the Congo
Decreasing Brazil (33%), Thailand (27%), Viet Nam (16%),
28 691 672 5.9 Turkey, Madagascar, Japan, United States of
catch ; .
America, Peru, Poland, Czechia
Tanzania UR (35%), Congo DR (26%), Mali (11%),
Stable catch 27 893 401 7.7 Kazakhstan, Niger, Finland, Benin, Venezuela BR,
Irag, Nepal, Argentina, Togo, Romania
No clear Bangladesh (72%), Egypt (16%), Zambia, Canada,
trend 17 1464573 126 Burundi, Germany, Korea RO
Myanmar (50%), Uganda (22%), Ghana (5%), Lao
Excluded PDR (4%), South Sudan, Senegal, the Sudan,
from 43 1756 309 15.1 Central African Republic, Guinea, Cameroon,
analysis Colombia, Paraguay, Zimbabwe, Mauritania,
Turkmenistan, Papua New Guinea, Gabon

There are 37 countries that indicated an increasing production trend over the decade representing 58.7
percent of global inland fish catch (Figure 1-2). The major drivers of this trend were China PR, India,
Cambodia, Indonesia, Nigeria, the Russian Federation and Mexico.
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Figure 1-2: Global catch trend for the decade 2007 to 2016 (tonnes)



There were 28 countries that indicated decreasing production representing only 5.9 percent of global
inland fish catch, and of this group the trend is driven by Brazil, Thailand, Viet Nam and Turkey.

There are 27 countries that demonstrate stable catches, indicating that there is little or no variation in
their reported catch trend. The major contributors to global catch in this group are Tanzania UR, Congo
DR, Mali and Kazakhstan. The group represents 7.7 percent of global catch. The remaining 17 countries
had no discernible trend of increase or decrease in their catch. These countries represent 12.6 percent
of global catch and the group is highly dominated by Bangladesh and Egypt, followed by Zambia.

The conclusion of this analysis is that growth in global inland fisheries is driven by 34 countries, and
of these, about eight relatively large producers drive this trend. The 24 countries that are reporting
declining catches represent a relatively low contribution to global production and all four have
significant aquaculture production. Inland fisheries remain extremely important at the subnational level
in these countries (e.g. the Mekong basin, the Amazon basin), hence this decline should not be a cause
for complacency.

1.3 HIDDEN, UNDER-REPORTED CATCH

There are plausible reasons to consider that the total figure reported in FishStat) may be an
underestimate. Based on the modelling of inland fisheries catch using household consumption surveys
(Fluet-Chouinard, Funge-Smith and Mcintyre, 2018; Section 10.5 of this review), applied to the 2008
reported figures, the total global catch was estimated to be 64.8 percent higher (13.93 million tonnes)
than the reported figure (10.3 million tonnes). The confidence range for 2008 (11.82 to 16.12 million
tonnes) is still in excess of the 2015 reported catch (11.47 million tonnes).

Table 1-3: Summary of estimates of hidden, under-reported inland fish catch

Catch Confidence

Estimate of production Year | (million '(mﬁngj: Source
tonnes) tonnes)
FAOQ FishstatJ total annual catch 2008 10.3 - FAO (2017)

Fluet-Chouinard, Funge-

Total catch including adjustments of 42| 506 | 1393 | 118219 16.12 | Smith and Mcintyre

countries based on consumption model

(2018)
Total catch including adjustments of 42 Fluet-Chouinard, Funge-
countries based on consumption model, 2008 17.1 - Smith and Mclintyre
applied to 83 percent of global catch (2018)
Total catch including estimated, 2009 15 i World Bank (2012)

unreported hidden catch

Source: FAO FishStat] 2015, Fluet-Chouinard, Funge-Smith and Mclintyre (2018); Section 10.5, this review;
World Bank (2012)

Application of the adjustment to other countries using a modelling approach indicated that the global
catch in 2008 was 17.1 million tonnes (Table 1-3). Using this approach to estimate a historic hidden
catch, it is not possible to apply exactly the same proportion to the current reported catch. However it
does indicate the potential for an underestimate and the issues of under-reporting that existed in 2008
and remain to this day.



1.4 LOCATIONS OF THE WORLD’S INLAND FISHERIES
1.4.1 INLAND CAPTURE FISHERIES

The world’s inland capture fisheries are particularly concentrated in the tropical and subtropical
latitudes of the world, with a few notable exceptions (e.g. Finland lakes, Russian large lakes, the VVolga
and Yenisei rivers, North American Great Lakes and salmon rivers, Paraguay/La Plata River in South
America, Chinese large rivers (Figure 1-3).

The country distribution of inland fisheries catches is worldwide. However, these catches tend to be
concentrated around rich water resources such as lakes, rivers and floodplains, especially where there
are higher population densities of rural people able to exploit these resources.

The database developed by Lehner and Grill (2013) based on the hydrosheds database identifies 3 210
hydrological basins. Many of these basins are rather small and may not contain significant hydrological
resources to support fisheries. The Global Runoff Data Centre (GRDC) database? identifies more than
405 major river basins in the world with an estimated 263 international/transboundary river basins.
These tend to have large river basins and can encompass upland headwaters (some at high altitude),
floodplains and deltas. They may be a combination of temperate/arctic and temperate/tropical
environments.
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I 400,000 - 800,000
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Figure 1-3: Map of the world’s highest inland fishery producing countries (in tonnes; data from FAO
FishStatJ)

In section 10.3 of this review more than 40 major hydrological basins that have significant inland
fisheries are identified. There are many more smaller hydrological basins (typically in tropical areas)
that have inland fisheries, but which are not individually large enough to attract international attention,
though they may still contribute significantly to the national inland fishery catch.

2 http://www.bafg.de/GRDC/




There is another group of basins that have very low inland fishery production. The basins in this group
are often overlooked because they have limited freshwater resources, or are in cold regions and thus
have low fish productivity. Some of these hydrological basins that have low fishery catches may still
have relatively rich fish biomass; their limited inland fishery activity because of their remote location
or inaccessibility (some of the North American and Siberian lakes and rivers). Despite their low reported
production, they may still be important, especially in terms of valuable recreational fisheries, and should
not be ignored.

1.4.2 ENHANCED FISHERIES

There is an interface between some aquaculture systems and inland fisheries. This is most evident in
the case of stocked systems, especially when the fish have been cultured in aquaculture hatcheries and
released to open waters. There are also systems where the parents are taken from the wild for
reproduction and the fingerlings subsequently released back to the same waters. This activity is mainly
directed at the enhancement of salmonid fisheries in rivers and lakes. There are similar systems for
sturgeon to enhance fisheries (the enhancement stocking of the Caspian Sea with sturgeon juveniles
raised from wilds adults in hatcheries is perhaps the largest-scale example) as well as for conservation
purposes.

A further extension of enhanced fisheries towards full aquaculture systems is the introduction of fish to
rice fields. Fisheries may also be enhanced through use of aggregation devices and habitat management
and enhancement such as brush parks or management of the habitat in breeding grounds. Reporting of
these enhanced fisheries may be problematic for statistical purposes and is often treated in aquaculture
reporting. Strictly speaking, culture-based fisheries are aquaculture activities, but in this case the
stocked fish in the system are the only source of fish that are captured. In reality, it is often a mixture
of stocked and wild recruited fish that is harvested.

143 RECREATIONAL FISHERIES

In regions that are economically more developed, the use of inland waters for capture fisheries tends to
change to the use of these waters for recreational purposes (Figure 1-4).

Regular capture fishing for food transforms to occasional recreational fishing for pleasure (although the
consumption of catch is still widespread (see Chapter 8).

Participation rates in recreational fishing are high and this can also be an economic activity (Sections
5.8 and 8.4 cover the value of recreational fishing).

Recreational fishing is not always a function of the state of economic development as many Eastern
European countries and the Russian Federation have a long tradition of recreational fishing that is
undertaken with  the particular purpose of catching food for the home. This is not classified as
subsistence or artisanal fishing and where is occurs it has sometimes been officially referred to as
“amateur fishing”.

Recreational fishing is also pursued in developing countries around the world and often with some
intention of providing supplementary food in the home. This type of fishing is extremely hard to
guantify and has a much smaller footprint than other forms of subsistence and artisanal fishing in these
countries. As such, there is rarely any data available on participation rates and effort.
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Figure 1-4: Map of the world’s important recreational fisheries regions, in terms of numbers of
participating fishers (Data sources in Table 8-2).

1.5 ESTIMATING THE CONTRIBUTION OF LARGE-SCALE AND
COMMERCIAL INLAND FISHERIES

Simon Funge-Smith and Abigail Bennett

Large-scale and commercial inland fisheries make substantial livelihood and food security
contributions. Based on the estimates which are described in the following sections, the global catch
from large-scale inland fisheries, many of which are also commercial fisheries, is between 1 140 000
and 1 340 000 tonnes. This represent between 11 to 13 percent of global inland fisheries production
(Figure 1-5).

Total global inland fisheries production
11469 460 tonnes

Large-scale fisheries 3
Large-scale inland

fisheries production
1140000 - 1 340 000
tonnes

Large-scale

. - Commercial inland
commercial fisheries

fisheries production
700 000 - 900 000
tonnes

Commercial SSFs

Figure 1-5: Total catch from large-scale and commercial inland fisheries




Between 700 000 and 900 000 tonnes of inland fish catch are destined for extended or specialized
commercial value chains.Some of this is derived from small-scale fishing units. The set of large-
scale inland fisheries and the set of commercial inland fisheries overlap, but not completely. In other
words, many — but not all — large-scale inland fisheries are commercial fisheries and vice versa. The
overlap between large-scale and commercial fisheries production falls between 40 and 50 percent,
with 540 000 to 740 000 tonnes of inland fisheries catch harvested by large-scale commercial units.

Although the majority of inland fisheries are small-scale operations harvesting for household
consumption and local trade or barter, recognizing that a non-trivial portion of inland fisheries catch
originates from large-scale and commercial operations has important implications for both valuation
and governance.

1.5.1 CHARACTERIZING THE SCALE OF INLAND FISHING OPERATIONS - A
MATRIX APPROACH

Inland fisheries are generally characterized as small-scale operations that typically harvest for
household consumption and local barter or trade (Bartley et al., 2015). A global study estimating the
total catch, including “hidden” or unreported catch, from marine and inland capture fisheries estimated
that inland fisheries produce 15 000 000 tonnes total annual catch, of which 1 000 000, or 6.7 percent,
originates from large-scale fisheries with an estimated value of less than USD 1 billion. (World Bank,
2012). Despite representing a minority of inland fisheries, large-scale and commercial inland fisheries
make substantial contributions to livelihoods and food security. Furthermore, the governance challenges
and opportunities they face are distinct from those of smaller-scale fisheries. Therefore, this chapter
provides an updated in-depth assessment of the contribution of large-scale and commercial inland
fisheries and their characteritics.

There is increasing interest in trying to characterize small-scale and large-scale fisheries for a variety
of reasons, spanning across governance (policy, legislation, access and tenure), economic (taxation,
subsidies, special preference) and management (regulation, gears, zoning) considerations. For example,
the FAO Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries is part of an ongoing
process to recognize small-scale fisheries as an identifiable segment of fisheries that is important
enough to warrant special consideration. There have been various attempts to develop a characterization
framework for small-scale versus large-scale fisheries (e.g. Thompson, 1980; Sumaila et al., 2012;
Berkes et al., 2001; Jacquet and Pauly, 2008; World Bank, 2012; Gibson and Sumaila, 2017), as well
as distinct characterizations in various national fishery legislation around the world.

In reality, however, there is no simple cut-off for defining a small-scale or large-scale fishing activity.
The FAO Working Group on Small-Scale Fisheries concluded that it was not possible or useful to
formulate a universal definition for small-scale fisheries considering their diversity and dynamism. It
therefore provided a broad characterization that was intended to capture this diversity (FAO/Advisory
Committee on Fisheries Research 2004, p. 2). However, this does not resolve the need for an objective
method to create a distinction between large-scale and small-scale fisheries to inform trade-offs in
policy and legislation at national and regional levels and governance approaches more broadly.

Any such method must recognize that in reality, many fisheries have quantitative and qualitative
characteristics that may be associated with either smaller-scale or larger-scale fisheries. This means that
a fishery will rarely have a complete set of characteristics that are exclusively large-scale. It is this
variety that makes defining large-scale and small-scale fisheries challenging. Existing broad definitions
that are utilized are starting to account for the fact that the scale of a fishery must be measured using
multiple characteristics. This recognizes that the use of narrowly defined metrics (such as vessel size,
motorization or gear type) is counter-productive and can result in inequitable exclusion for some fishing
operations and the inappropriate inclusion of others.

To this end, this analysis utilized a matrix that assesses fisheries across a number of characteristics
related to scale, including vessel and fishing methods, labour and employment, the nature of fishing
trips and area, and the disposal of the catch. This approach recognizes the multicharacter nature of the



scale of fishing operations and avoids inappropriate classifications that can emerge when relying on a
single characteristic or a highly-constrained number of characteristics, such as gear and vessel length.

The matrix presented here (Table 1-4) provides an approach to assess scale objectively without
imposing a narrow definition based on a single or highly constrained number of quantitative metrics. It
allows the general qualitative characteristics of fishing operations to be used as a scoring method to
identify the scale of fishing operations. It is an adaptation of the table that is presented in the Hidden
Harvest study (World, Bank 2012), which itself was adapted from a number of previous authors (Berkes
et al., 2001; Chuengpagdee et al., 2006; Johnson, 2006).

The earlier tables had a similar range of characteristics, but differed in that there were absolute
categorizations for each of the types of fishery (subsistence, small-scale, large-scale). In contrast, this
matrix generates an aggregate score for any given fishery, which provides the basis for assessing scale.

When scores from all the categories are aggregated, an overall picture emerges that facilitates
differentiation between larger-scale and smaller-scale fisheries. This allows a decision to be made based
on an overall cut-off score to separate small-scale and large-scale operations. For inland fisheries, scores
of 21 or higher tend to display more characteristics of large-scale fisheries, such as gear that aggregate
large volumes of fish, larger and more powerful vessels, distinct forms of property rights and labour
relations, and formal integration into the economy and governance institutions. The analysis presented
below utilized this matrix to identify the set of large-scale inland fisheries. This method allowed the
generation of a robust estimate of global inland fisheries production originating from large-scale
fisheries.

The assessment in this section also includes estimates for commercial inland fisheries, both large-scale
and small-scale. Many of the inland fishers in the world trade or barter at least part of their catch at the
local level. However, the analysis below focuses on commercial inland fisheries that are associated with
extended value chains (i.e. at the regional or international level), fisheries that harvest particularly high-
value products, for example sturgeon cavier, or fisheries that sell products into specialized markets, for
example for aquarium fish or niche markets utilizing ecolabels.
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Table 1-4: Scoring matrix to inform the characterization of scale and complexity for different types
of inland fisheries

Score

| 0

1 |

Indicative gears

Foraging by hand,

Gill nets,

Pumped trap

Large fence traps,

Passive/ no gear . ; large river
traps, pots baited longlines ponds traps/bagnets
Cast net, handheld Actively hauled
Active gear lift net, scoop, Seine net, lift net Large lift net y
. dredge/trawl net
spear, baited hook
Battery powered Generator/ Small power winch/

Mechanization No mechanization equipment / engine powered hauler powered off
lanterns attracting lights engine
Vessel
Size of fishing No vessel <4m >4 mto <8 m >8m
vessel
Motorized or not na. No engine Outboard engine Inboard engine >40
<25 hp hp
Operations
Daily trip/multi- Occasional Seasonal fishing, Regular fishing Multi-day fishing
day foraging short trips trips, all-day trip
Less than ~5 km Larde rivers
- Seasonal from shore in g ' Inland seas,
Fishing - ; large
waterbodies, permanent rivers, . large lakes and
area/waterbody . waterbodies, .
o wetlands and small medium reservoirs <500 waterbodies
P streams, ricefields waterbodies, Kkm2 >500 km?
wetlands
Storage / preservation
Refrigeration/ No storage Insu_lated box/ Ice hold Refrigerated hold
storage ice box
Employment / labour
Labour/ crew Indn_ndual and/or Cooperative group <2 paid crew >2 paid crew
family members
Fishing l.m't/ Owner/operator Leased Owner Corporate business
ownership arrangement
Time commitment _ Part Full-time, but Part-time all year Full-time
time/occasional seasonal

Use of catch

Disposal of catch

Household

Local direct sale at

Sale to local

Sale for export

consumption/barter landing site market traders
Utilization of Preserved:
catc_h, value For direct hl_Jman chilled, fermented, Frozen filleted Factory processed
adding/ consumption smoked , salted,
preservation dried
Formal ;

- . Formal, integrated
Integration into Informal not Integrated integrated reqistered Iigense q
economy and/or integrated (registered/ (licensed fisher, (reg taxe d’ as 4 '
management (occasional, no recognized fisher, payment of commercial
system fees required) untaxed) landing fees

concern)

Ipersonal taxes)
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1.5.2 CHARACTERISTICS OF LARGE-SCALE INLAND FISHERIES

Large-scale inland fisheries are estimated to produce between 1 140 335 and 1 343 928 tonnes (Table
1-5). Production volumes from individual fisheries ranged from a few thousand tonnes to a few hundred
thousand tonnes. Annexes 2 and 3 provide details about the production estimates for each fishery.

Table 1-5: Catch from large-scale inland fisheries

Fishery Main species Production (tonnes)
Lake Victoria dagaa fishery Rastrineobola argentea 457 000
Myanmar inn fishery Various floodplain species 189 959 to 388 552
Lake Victoria Nile perch fishery Lates niloticus 199 000
Lake Albert muziri and ragoogi light Neobola bredoi

fishery Brycinus nurse 129 000

. . . Stolothrissa tanganicae

Lake Tanganyika kapenta light fishery Limnothrissa mgi don 52 000
Caspian Sea kilka fishery Clupeonella spp. 37 425

Lake Kariba kapenta fishery

Stolothrissa tanganicae
Limnothrissa moidon

18 000 to 19 000

Tonle Sap dai fishery Various species 13 950
Cahora Bassa kapenta fishery Limnothrissa moidon 11922
Brachyplatystoma vaillantii
Brazilian Amazon estuary trawl fishery Bracyplatystoma fIaVIc_a ns 11 076
Pseudoplatystoma fasciatum
Brahyplatystoma filamentosum
Lake Albert Nile perch fishery Lates niloticus 8619
. . Coregonus clupeaformis
Laurent!an Great Lakes tr_awl flshery Perca flavescens 4000 to 8 000
Laurentian Great Lakes gill net fishery .
Sander vitreus
Lake Malawi stern trawl fishery .
. Lethrniops spp.
Lake Malawi Maldeco stern trawl . .
fishery Copadichromis spp. 5600
Lake Malawi pair trawl fishery Oreochromis spp.
Finland VVendace trawl fishery Coregonus albula 1373
Estonian Lake Peipus gill net and trap Perca fluviatilis 19231
net fishery
Acipenser gueldenstaedtii
Caspian Sea sturgeon fishery Acipenser persicus 180

Acipenser stellatus

Total

1140 335 to 1 343 928

The matrix scores for large-scale inland fisheries ranged from 21 (the cutoff between large-scale and
small-scale fisheries) to 34 (out of a total possible 39) (Table 1-6). Grouping the set of large-scale
fisheries by score (e.g. <25, 25-30, and >30) clearly demonstrates that no single characteristic defines
large-scale inland fisheries. For example, among the lower-scoring large-scale fisheries are fisheries
utilizing both passive and active gears, motorized and non-motorized vessels (or no vessel), and

disposing of catch in a variety of ways.
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Although all of the fisheries scoring above 30 utilize active gears such as trawls, some of the highest
scores were assigned to gill net (passive gear) fisheries from the United States and Europe. To improve
comparison, Table 1-6 also includes a number of co-located small-scale inland fisheries operating in
the same waterbodies. The detailed matrix scores for each fishery are included in Annex 2.

Table 1-6: Matrix scores for large-scale and selected small-scale inland fisheries

Fishery ;\élg:le:lx
Large-scale inland fisheries

Caspian Sea kilka (Clupeonella spp.) fishery 34
Laurentian Great Lakes trawl fishery 31
Lake Malawi Maldeco stern trawl fishery 30.5
Brazilian Amazon estuary trawl fishery 30
Estonian Lake Peipus gill net and trap net perch and pike-perch fishery 285
Laurentian Great Lakes gill net fishery 285
Lake Malawi stern trawl fishery 27.5
Caspian Sea sturgeon fishery 26
Lake Kariba kapenta (Limnothrissa miodon) fishery 26
Cahora Bassa kapenta fishery 26
Lake Victoria Nile perch fishery 24
Lake Albert Nile perch fishery 24
Finland Vendace trawl fishery 23
Tonle sap stationary trawl (dai) fishery 225
Lake Tanganyika kapenta light fishery 225
Lake Malawi pair trawl fishery 225
Lake Turkana Nile perch fishery 225
Lake Albert muziri and ragoogi light fishery 215
Lake Victoria dagaa (Rastrineobola argentea) fishery 21
Myanmar leasable (inn) fishery 21
Selected co-located small-scale inland fisheries

Lake Volta winch boat fishery 20.5
Lake Nasser trammel net and gill net fishery 19
Laurentian Great Lakes trap net fishery 175
Brazilian Amazon canoe and mothership fishery 175
Lake Kivu kapenta light fishery 17
Lake Tanganyika gill net and longline fishery 15
Lake Malawi small purse seine fishery 14
Lake Malawi gill net fishery 14
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Table 1-6: Matrix scores for large-scale and selected small-scale inland fisheries

Fishery L\élg:gix
Lower Parana sabalo (Prochilodus lineatus) fishery 135
Tonle Sap gillnet fishery 13
Lake Malawi beach seine fishery 11

Gear and vessel characteristics

Many of the large-scale inland fisheries utilize the types of large, motorized vessels that are typically
associated with large-scale fishing activity. The Caspian Sea kilka fishery is the largest-scale inland
fishery. In the Caspian Sea kilka fishery, large vessels utilize 500 to 1 000 watt electric “attracting
lights” to aggregate large numbers of the small fish. These fish are harvested with mechanized fishing
gear, most often large, cone-shaped nets and sometimes electric fish pumps that suction kilka from
below the surface (Salmonov et al., 2013; FAO, 1998). African lake fisheries for small pelagics (see
Table 1-8) also utilize light attracting methods, some battery-operated and some kerosene type. Inland
fisheries in Malawi, the Brazilian Amazon estuary, Europe, and the Laurentian Great Lakes utilize
trawls and other mechanized fishing gear.

At the same time, many of the large-scale fisheries utilize gears and vessels more commonly associated
with small-scale fisheries. For example, In the Lake Victoria Nile perch fishery, passive gillnets are the
most-used gear followed by longlines, and less than one third of boats are motorized (Kolding et al.,
2014). Even fisheries that use stationary gear and no vessels may be large-scale operations. For
example, the Tonle Sap dai fishery in Cambodia utilizes bag nets that are about 100 m in length (referred
to as dai) to aggregate large volumes of migrating fish as they pass through channels (Lamberts,
2001).Although the dai is a passive gear, most use mechanized winches of nearly 2 500 hp (Halls et al.,
2013). Similarly, the Myanmar inn fishery uses large fence traps. That these fisheries represent large-
scale fishing operations often formally integrated into national economic and governance systems and
capable of aggregating substantial volumes demonstrates the importance of assessing scale based on
multiple characteristics beyond vessel length, gear and motorization or mechanization.

Operations

The character of a fishery’s operations pertains to where, and for how long, a typical fishing trip or
activity takes place. Among all the characteristics of the matrix, the scores for operations show the most
consistency across the set of large-scale fisheries. The vast majority of large-scale inland fisheries take
place in inland seas or in large lakes and waterbodies greater than 500 km?. However a few take place
on more moderately-sized waterbodies, for example the Finland Vendace trawl fishery, or on large
rivers, for example the Brazilian Amazon estuary trawl fishery (although this is restricted to the estuary)
and a segment of the Myanmar inn fishery. With few exceptions, such as some Caspian Sea sturgeon
operations, large-scale fisheries generally involve regular all-day or all-night fishing trips.

Employment and labour

Characteristics related to employment and labour describe how property rights for fishing vessels, gear,
and fishery access are organized and the type of labour relations in the activity. In most of the large-
scale inland fisheries the vessels and gear are owned by an invidual or commercial enterprise that
employs fishers and crew to undertake the fishing activities. The vast majority of large-scale inland
fisheries employ more than two crew members on board each vessel. In some fisheries, individuals own
multiple boats, such as the Lake Victoria Nile perch fishery where boat owners may manage large fleets
(Modesta, 2015). The dai fishery, although utilizing stationary gear and no vessel, is a highly capitalized
fishery in which gear owners pay the wages and other incidental costs for an average of 11 to 25 people
per operation (Hap and Ngor, 2001). For large-scale inland fisheries, the most common fishing units
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are individual owners followed by corporate business, for example those found in Lake Malawi trawl
fisheries or the Lake Kariba kapenta fishery.

Use of catch

The use of catch pertains to whether the catch is consumed within the household or sold at local, regional
or export markets, whether it is consumed fresh, minimally processed, processed using traditional
methods, or factory processed, and the extent to which a fishing operation is integrated into the formal
economy and management systems, ranging from unregulated fishing operations to those formally
licensed and taxed as commercial concerns. Some large-scale inland fisheries harvest for regional trade
and export. For example, the Lake Victoria Nile perch fishery, despite utilizing passive gears and
relatively small-scale vessels typically without motors, is an export-oriented fishery. Nile perch is
processed as chilled and frozen fillets before being exported to Europe, Asia, and the United States.
Although fish frames have, in the past, been primarily dried and consumed locally, now the majority of
fish frames are factory processed into fishmeal. On the other hand, the Lake Victoria fisheries are not
highly integrated into formal economic and governance structures. Although vessels are registered, they
are not associated with any sort of landing fees or personal or commercial taxes (Eggert et al., 2015).
In contrast, the Myanmar inn fishery represents a formally integrated fishery, with leases to fishing lots
auctioned by the government at prices ranging from USD 97 to USD 5 726. (Tezzo et al., 2017).

1.5.3 COMMERCIAL INLAND FISHERIES
Commercial inland fisheries harvesting for extended value chains or specialized or high-value markets

contribute 702 718 to 902 718 tonnes to total inland fisheries catch (Table 1-7). More than 80 percent
of commercial inland fisheries are also large-scale fisheries.

Table 1-7: Catch from commercial inland fisheries

. . . Production
Fishery Main species (tonnes)
Rastrineobola argentea
Neobola bredoi
. L . Brycinus nures
African lakes small pelagics fisheries Limnothrissa moidon 400 000 to 600 000
(see Table 4) . .
Stolothrissa tanganicae
Engraulicypris sardella
Barbus paludinosus
Lake Victoria Nile perch fishery Lates niloticus 199 000
Caspian Sea kilka fishery Clupeonella spp. 37 425
Brachyplatystoma vaillantii
Brazilian Amazon estuary trawl fishery and Brachyplatystoma flavicans 32 957
Brazilian Amazon canoe and mothership fishery | Pseudoplatystoma fasciatum
Brahyplatystoma filamentosum
Lower Parana sabalo fishery Prochilodus lineatus 17191
Lake Albert Nile perch fishery Lates niloticus 8619
Lake Erie multi-species commercial fishery Perca fla_vescens 2565
Sander vitreus
Global eel fisheries Angu!lla anguilla 1924
Anguilla rostrata
Eston_lan Lake Pglpus gill net and trap net perch Perca fluviatilis 1231
and pike-perch fishery
Bratsk Reservoir perch fishery Perca fluviatilis 921
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Table 1-7: Catch from commercial inland fisheries

Fishery Main species Pz)odnuncet;())n
]It__ake Malaren and Lake Vanern pike-perch Sander lucioperca 261
ishery
L_ake Hjalmaren pike-perch fish trap and gill net Sander lucioperca 201
fishery
Acipenser gueldenstaedtii
Caspian Sea sturgeon fishery Acipenser persicus 180
Acipenser stellatus
Irikla Reservoir perch fishery Perca fluviatilis 180
Waterhen Lake walleye and northern pike gill net | 50
fishery
Lake Malawi aquarium fish fishery Various cichlids 12
Total 702 718 to 902 718

Characteristics of commercial inland fisheries

Many of the commercial inland fisheries harvest products for export to distant markets. However, some
products consumed domestically move through extended value chains to different regions within large
countries such as Brazil, and represent a particularly high-value or luxury good, or employ specialized
marketing strategies such as ecolabels.

Typically, commercial fisheries products will undergo some form of processing or preservation,
although some specialized products are marketed fresh. Commercial inland fisheries often make
substantial contributions to income, for example, the Lake Victoria Nile perch fishery, whose
production is largely destined for export to the European Union. Since 2010, the total value of Nile
perch exports has ranged from USD 250 million to USD 310 million per year (I0C, 2015).

Advanced storage and preservation techniques are typical of commercial inland fisheries. For example,
the sabalo fishery in Argentina contributes more than half of the catch for the Lower Parana Basin, the
second largest basin in South America (Baigun et al., 2013). The advent of cold plants and export
markets in the early 2000s drove rapid increases in sabalo landings, which peaked at about 40 000
tonnes in 2004 (Baigun et al., 2013). Argentina exported 17 191 tonnes of sabalo in 2016 to Colombia,
Bolivia and Brazil, with small amounts destined for the United States of America and Paraguay
(Ministerio de Agroindustria, 2016). The transition to export markets for Nile perch in the early 1990s
also corresponded with a shift away from traditional processing methods such as smoking fish in
traditional kilns near the lakeshore to industrial processing plants (Abila, 2003).

High-demand and luxury food products are an important segment of commercial inland fisheries, and
are often associated with vulnerability of target species to overexploitation. For example, high demand
for caviar from wild caught sturgeon has promoted heavy fisheries exploitation in the Caspian Sea
(Pikitch et al., 2005). Officially, sturgeon fishing in the Caspian Sea is now banned and trade of all wild
caviar products is regulated under CITES, however illegal fishing and trade persists (Uhm and Siegal,
2016).

Some highly commercialized inland fisheries are for non-food products. A number of inland fisheries
target ornamental fish for the export trade. In the Brazilian Amazon, the ornamental fish trade focuses
primarily on the cardinal tetra (Paracheirodon axelrodi) for export to the United States of America,
Europe, and Asia, generates millions of dollars and employs thousands of people (Ruffino, 2014). Lake
Malawi, with hundreds of endemic species, also has fisheries harvesting for the international aquarium
trade. In 2010, 11.78 tonnes in aquarium trade exports generated a revenue of USD 113 025 (Phiri et
al., 2013).

Highly commercialized inland fisheries are not always under risk for overexploitation. In fact, a few
inland fisheries in the world engage in specialized marketing techniques, most notably ecolabels and
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local branding, that ostensibly support sustainable fisheries governance. For example, multiple fisheries
in Europe (e.g. Waterhen Lake walleye and northern pike gill net fishery, the Lake Hjalmaren pikeperch
fish trap and gill net fishery, and Lake Malaren and Lake Vanern pike-perch fishery) and in the United
States of America (the Lake Erie multispecies commercial fishery) have all obtained certification by
the Marine Stewardship Council, a market-based sustainable seafood certification scheme.

1.5.4 THE UNIQUE CASE OF SMALL-PELAGIC FISHERIES IN THE AFRICAN
LAKES REGION

The African Lakes region’s small pelagics fisheries contribute more than half of the global commercial
inland fisheries catch, producing between 787 236 and 791 028 tonnes of small pelagic fish such as
dagaa, kapenta, and usipa (Table 1-8).

Through extensive and complex regional export trade, these fisheries make an important contribution
to food security across a large region that includes the Democratic Republic of the Congo, Uganda,
Kenya, the United Republic of Tanzania, Rwanda, Burundi, Zambia, Malawi, Mozambique, Zimbabwe
and beyond.

Estimating the commercial catch from the African Lakes region’s small pelagics fisheries presents a
challenge because there is a general lack of data on the extent to which these species are traded. It is
clear that trade in these species is substantial and that they are linked with extended value chains
(Smartfish, 2013). Nonetheless, some proportion of these fish is consumed locally. The presence of
large-scale informal and unreported fish trade complicates estimations but also underscores the
magnitude of trade in these species. For example, Mussa (2017) estimates that between 2015 and 2016,
informal fish exports from Malawi to neighbouring countries totalled 24 116 tonnes. Of this, 20 924
tonnes (86.7 percent) was usipa. Taking into consideration that all or nearly all of traded usipa is dried,
the equivalent fresh weight volume is nearly threefold. This suggests that more than half of usipa
production in Malawi is traded informally outside the country.

Table 1-8: Catch and trade patterns of African Lakes region small pelagics fisheries

Fishery Production | Trade patterns
(tonnes)

Tanzania UR and Uganda are the biggest
exporters, supplying Kenya, Congo DR,
Malawi, Mozambique, the Sudan, Rwanda,
457 000 | Zambia, Zimbabwe, and South Africa.

About 80% of production processed for animal
feed in major cities of Tanzania UR and Kenya
(e.g. Dar Es Salaam, Nairobi)

Lake Victoria dagaa fishery
Rastrineobola argentea

Lake Albert muziri and ragoogi light

fishery 129 000 | Consumed in Uganda and exported to DRC and
Neobola bredoi (muziri) Southern Sudan

Brycinus nurse (ragoogi)

Lake Kivu kapenta light fishery

. . . 17714
Limnothrissa moidon
Lake Tanganyika kapenta light fishery Tanzania UR is a net exporter of kapenta from
Stolothrissa tanganicae 52 000 | Lake Tanganyika; Burundi, the Congo DR and
Limnothrissa moidon Zambia are net importers

Zambia exports chisense from Lake Mweru to
No data | Congo DR and other markets along railway
lines, in addition to local consumption

Lake Mweru chisense fishery
Poecilothrissa mweruensis
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Nearly 21 000 tonnes of usipa (dry weight)
99 370 | exported from Malawi through informal trade
routes alone

Lake Malawi usipa fishery
Engraulicypris sardella

Lake Kariba kapenta fishery Zambia exports kapenta from Lake Kariba to
Stolothrissa tanganicae 18 000 to 19 000 | Zimbabwe, Botswana, Namibia, and South
Limnothrissa moidon Africa

Cahora Bassa kapenta fishery

Limnothrissa moidon 11992

Lake Chilwa matemba seine fishery
Barbus paludinosus
Total production 787 236 to 791 028

Estimated range of total production
destined for extended value chains

2230t0 6 022 | Exports destined to Zambia and Zimbabwe

400 000 to 600 000

Informal fish trade between Zambia and neighbouring countries is even more substantial than that of
Malawi. From Zambia, 102 264 tonnes of fish is exported, of which 97 119 tonnes (nearly 95 percent)
goes to the Congo DR. This informal trade data contrasts starkly with official statistics that indicate
Zambia as a net importer of fish commaodities, with fish exports totalling only 334.3 tonnes. Dagaa is
the most-traded species in the Zambian informal fish trade, which also includes kapenta (Mussa, 2017).
It is also worth noting that at an estimated 80 percent of dagaa production is processed as animal feed
in major cities of the United Republic of Tanzania and Kenya (Legros and Luomba, 2011), representing
a separate value chain that also extends beyond direct consumption and local markets.

The United Republic of Tanzania and Uganda are the first and second biggest exporters of dagaa,
supplying Kenya, the Democratic Republic of the Congo, Malawi, Mozambique, the Sudan, Rwanda,
Zambia, Zimbabwe, and South Africa (Smartfish, 2013). However, the dagaa value chain seems to be
continuing to expand, with traders near Lake Victoria reporting sales in Cambodia and Viet Nam
(Legros and Luomba, 2011). Around Lake Tanganyika, the United Republic of Tanzania is a net
exporter of kapenta and Burundi, the Democratic Republic of the Congo and Zambia are net importers,
however Zambia also exports kapenta from Lake Kariba to Zimbabwe, Botswana, Namibia, and South
Africa.

Two other small fish, muziri and ragoogi, are exported to the Democratic Republic of the Congo and
Southern Sudan in addition to being consumed locally in Uganda. Taken together, these trading routes
indicate that the Democratic Republic of the Congo is a major importer of these small dried fish
products, a phenomenon which may be at least partially driven by civil conflict undermining the
country’s domestic food production systems and increasing reliance on relatively affordable imported
foods.

Although it is currently not possible to assess accurately the proportion of the African Lakes region’s
small pelagics fisheries production that feeds extended value chains rather than local consumption, the
fisheries clearly supply a complex international supply chain making important contributions to food
security in the region.

1.5.5 CONCLUSIONS

Not all inland fisheries are small-scale operations harvesting for household consumption. In fact, over
10 percent of the global inland fisheries catch originates from large-scale and commercial fisheries and
the contributions of these fisheries is significant in terms of livelihoods, food security, and development.

Furthermore, it is important to attend to the distinct governance challenges and opportunities they face.
For example, large-scale fisheries involving high capital investment and concentrated operations may
be more amenable to particular forms of management than more dispersed small-scale fisheries. At the
same time, large-scale operations capable of aggregating large volumes of fish may need tighter
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regulatory institutions because of their ability to impact the status of the fishery and the overall health
of the ecosystem.

High-value fisheries can face higher risks for overexploitation and stakeholder conflicts. For example,
the export market for sabalo that emerged rapidly in Argentina after the establishment of cold storage
plants is correlated with the decreased size of fish, an increased prevalence of smaller mesh sizes and
heightened conflicts among resource users (Barletta et al., 2016).

Challenges generating reliable statistics on highly commercialized fisheries can hinder the development
and implementation of appropriate governance institutions, for example when high-value markets
produce incentives for illegal harvests and concomitant disincentives to report the catch fully.

For some specialized non-food products, in particular ornamental fish, data may go unreported because
trade occurs outside of established food value chains.

The application of the matrix (Table 1-4) allows for a more nuanced analysis of these kinds of
governance and policy implications that is not possible when following narrower definitions that equate
scale with attributes such as vessel length. The matrix approach to characterization, thus provides a
method to more fully account for large-scale and commercial inland fisheries in the global context.
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2 INLAND FISHERIES OF THE WORLD BY MAJOR

SUBREGIONS
2.1 AFRICA
Inland ; ; ;
| | e, | PRI | e | PSR | r | M
Subregion surface renewable inland flshery inland TR
(t((:)?]trfgs) water surface water fishery production fishers workers
(2015) (km?3/yr) (tonnes/kmd/yr) catch (kg/caplyr)
Great Lakes 1053 694 226 4 669 9.2 6.11 536 555 290 699
West Coast 568 094 1394 408 5.0 4.08 759 699 | 1499 906
Nile River basin 354 949 261 1358 3.1 3.85 212 390 77520
Sahel 307 385 251 1226 2.7 2.01 695 857 12 194
Congo basin 304 020 2419 126 2.7 1.57 306 346 217 881
South 229 651 589 390 2.0 1.40 208 180 23 824
Islands 25940 332 78 0.2 1.01 17 325 816
North 16 198 36 453 0.1 0.18 3233 0
East Coast 200 22 9 0.0 0.01 390 0
TOTAL 2860131 5530 517 25 2.25 | 2739975 | 2122840
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2.1.1 NORTH AFRICA
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Country I?ilsahr;(li’;ig':gge eniianty infand fis_hery g_IobaI [la resrlljer\:(\;e::e : renef)vsgt?lglsfrface
(tonnes) (2015) (2013) production fishery catch water water

(knfcaplyr) (kmdfyr) (tonnes/km?/yr)
Morocco 15 006 33 008 000 0.46 0.13 22 682
Tunisia 1192 10 997 000 0.09 0.01 3 349
Algeria 0 39 208 000 0 0 10 0
Libya 0 6 202 000 0 0 0 0

The North African subregion is extremely arid with few permanent rivers and freshwater lakes. There
are reservoirs and coastal lagoons where inland fishing activities take place. Total reported production
for this subregion is 16 198 tonnes (2015), representing 0.1 percent of global inland fish production.

Morocco

There are several river basins, including Dra, Moulouya, Rbia, Tensift and Sous. There are several
coastal lagoons, including Merja Zerga and Nador. There are more than 30 impoundments in Morocco,
with a total reservoir area of over 500 km?2. These support small fisheries (Vanden Bossche and
Bernacsek, 1991). Reported catches in Morocco started rising in 2002 from less than 1 000 tonnes to
over 15 000 tonnes by 2014. The growth is largely from increased production of cyprinids in reservoirs
and some lagoon fisheries. Eel catches have declined from 200 to 400 tonnes in the late 1990s to only
2 tonnes in 2014 (Juffe-Bignoli and Darwall, 2012). The inland fish production as a function of
renewable surface water (682 tonnes/km?®/yr) is relatively high.
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CIFA Technical Paper, No. 18.3. Rome, FAO. 219 pp.

Tunisia

Four small river systems discharge into the Mediterranean Sea. There are 14 large dams/reservoirs with
a combined area of over 176 km? There are seven important coastal lagoons with a combined surface
area of 550 km?; the largest are Bibane (230 km?), Bizerte (150 km?) and Ichekeul (100 km?) (Vanden
Bossche and Bernacsek, 1991). The reservoirs support small fisheries. Inland fishery production started
increasing in the early 1990s reaching 1 000 tonnes, but has remained stable since then. This supports
450 fishermen with 232 boats. The fishery is based around stocking of reservoirs with mullets and
subsequently introduced species: common carp (Cyprinus carpio), pike-perch (Stizostedion
lucioperca), mullet (Mugil cephalus and Liza ramada), eel (Anguilla anguilla), European catfish
(Silurus glanis), roach (Rutilus rutilus), barbel (Barbus setivimensis), and tilapia (Oreochromis
niloticus) (Mili et al., 2016). The inland fish production as a function of renewable surface water is
about half of that of Morocco (302 tonnes/km?/yr).
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Algeria

There are eleven river (oued) basins that discharge into the Mediterranean Sea. There are no important
freshwater lakes. Several internal drainage basins possess salt lakes and marshes. There are 21 large
dams constructed mainly for irrigation (Vanden Bossche and Bernacsek, 1991). Some intermittent
inland catches were reported by Algeria before 1968. There are eel fisheries in Algeria that are
considered highly threatened (Juffe-Bignoli and Darwall, 2012). In 2015, it was reported that there had
been some stocking of dams and lakes of Algeria's northern provinces of Mila, Biskra and Laghoua (58
lakes and dams in 25 provinces) with Nile tilapia and common carp.
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The State of Libya

The State of Libya does not report an inland fishery production, and has extremely limited renewable
surface freshwater resources. There are two small reservoirs and no true inland lagoon of significant
size. There are short seasonal rivers (Vanden Bossche and Bernacsek, 1991). Inland fisheries in the
State of Libya are negligible. Historical stocking (common carp and some tilapia) was carried out in the
past at Wadi Kaam (Khoms/Zliten area) and Wadi Mjinine (Tripoli area) reservoirs, and more recently
carp have been stocked in Abou Dzira Lake near Benghazi.
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2.1.2 THE SAHEL

Algeria

Mauritania)

The Niggr‘,

o
0

Cabo Verde X
Senegaly
The Gambia &

The)

Guinea:Bissau]

Guinea}
Sierra Leone) .

S

3 3 i
B podoo M Ay
&5 4 @ (Cote dIvoit Ghana f\zr;
Liberia.}’" T '1

% Central African Re
SUUCLALS

euiepsia t

e
A

FAO map disclaimer: The boundaries and names shown and the designations used on this map do not imply
official endorsement or acceptance by the United Nations.

Inl?nd Per capita Percentage of Total e prod_ttjctfion
Count fi ﬁap uret h Population Inland fishery global inland renewable per unleIJ
ountry Ishery catc (2013) catch fishery catch surface water renewable
(tonnes) (ka/caplyr) (kmdlyr) surface water
(2015) (tonnes/kmé/yr)
Chad 110 000 12 825 000 9.36 0.96 44 2489
Mali 92 480 15 302 000 6.49 0.81 110 841
Niger 35 252 17 831 000 2.52 0.31 32 1117
Senegal 30 003 14 133 000 2.36 0.26 37 812
Burkina Faso 20 750 16 935 000 1.21 0.18 9 2 306
Mauritania 15 000 3890 000 3.86 0.13 11 1351
Gambia 3900 1849 000 2.47 0.03 8 488

The Sahel is a climatically unstable region that experiences high variable rainfall, flooding and
consequently inland fishery production. Despite this, the Sahel includes some of the richest fishery
resources of the continent, including the Niger, Senegal, Chari and Logone rivers, as well as parts of
Volta and Gambia systems and the Lake Chad basin. The accuracy of the reporting for this important
region remains a challenge as reported in C942 Rev. 2 (FAO, 2011; Welcomme and Lymer, 2012). The
summary total reported production from these countries is 307 385 tonnes (2015) and is 2.7 percent of
the global total.

This subregional total production is 26 percent less than the aggregated figure of 412 900 tonnes,
estimated by Neiland and Béné (2008) for rivers and large lakes in the subregion (Table 2-1).
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Table 2-1. Production and value of river fisheries in West and Central Africa*

Fishery Value of Potential Potential value

River basins and lakes Employment rp“r/gcrjl?;i)nrf prodtfc'Fion production of prot.ju_ction

(tonnes/yr) (USD million/yr) (tonnes/yr) (USD million/yr)
River basins
Senegal-Gambia 25500 30500 17 112 000 62
Volta (rivers) 7000 13700 7 16 000 8
Niger-Benue 64 700 236 500 95 205 610 82
Chad (rivers) 6 800 32200 18 130 250 72
Sub-total 104 000 312 900 137 463 860 224
Lakes
Chad 15 000 60 000 33 165 000 44
Volta 20 000 40 000 28 62 000 44
Regional total 139 000 412 900 198 690 860 312

* Where possible reservoir catches have been excluded from these figures.
Source: Modified from Neiland and Béné, 2008
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Chad

Chad has experienced steadily increasing production since 2002 (70 000 tonnes) reaching 120 020
tonnes in 2014. The artisanal fishery is focused on Lake Chad, internal rivers, small lakes, and seasonal
flood plains. Thirty percent of fish are harvested from Lake Chad, and sixty percent from the basins of
the Logone River and the Chari River. The whole of southern Chad is dominated by the Chari system,
which with its main tributaries, the Salamat and Azoum Rivers, extends over about 1 200 km. There
are extensive swamps over most of the Chari River basin and have been estimated as covering about
80 000 km?. Lake Chad fluctuates in area in a pronounced cycle thought to be some 25 years long. This
lake exists in two phases: the Greater Chad in pluvial periods, and the Lesser Chad in drought periods
(Welcomme, 1979).

The dry state of the lake has continued beyond 2007 and this suggests that the level of fish production
currently reported may be overestimated. These later reports for Chad (120 020 tonnes) are considered
to be in need of validation although it is possible that the highly productive floodplains of the Logone
River and the Chari River are making up some of the reported catch. A shift to “privatization” of the
fisheries and impoverishment of certain sections of the fisher community have led to an intensification
of the draw-down fishery by extensive creation of fish canals that enable fish to be trapped as they leave
the floodplain (Laborde et al., 2016).

The survey model production indicates that inland fish production may be as high as 215 000 tonnes in
Chad, which is double the current estimate of FAO (Fluet-Chouinard, Funge-Smith and Mclintyre,
2018). A possible reason for this elevated figure is that there might be a substantial amount of fish
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imported from neighbouring countries, although it is reported that much of the Lake Chad production
used to be exported to Nigeria (Jolley et al., 2001).
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Mali

Most of the country is arid or desert and is only sparsely inhabited. The Niger River and its tributaries
(the Baoulé and Bagoye, which unite to form the Bani) are the major arteries of Mali. There are twenty-
three main lakes (surface area: ~2 450 to 3 500 km?) and several hundred smaller ones in the central
delta/floodplain of the Niger River. The Central Delta of the Niger has several floodplain lakes and the
total area flooded at high water is about 20 000 to 30 000 km?, and some 3 500 to 3 877 km? remain at
low water. There are three reservoirs for hydroelectric generation. Fishery yield is affected by the
Sahelian drought.

The inland fishery production of Mali has been reported as 80 000 tonnes in 2014 and has been
estimated by FAO for preceding years. Although an earlier higher level of production (100 000 tonnes)
was considered to be overestimated in the previous C942 (FAQO, 2011), the household survey estimates
for Mali indicate that inland fish availability in the country is about 127 735 tonnes (Fluet-Chouinard,
Funge-Smith and Mclntyre, 2018). Vanden Bossche and Bernacsek (1991) estimated that for normal
years maximum yield of the fishery would be 175 000 tonnes rising to 200 000 tonnes in a high flood
year. Consequently the survey model value could be indicative of likely catch.
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The Niger

The Niger has a large land area, but is largely hot and arid. Lake Chad lies partly in the Niger and this
rises to 2 774 km?, during the “Large Chad” phase (17 percent of the total lake area). There are no large
reservoirs although the Kandaji Dam on the Niger River is currently being constructed. The reported
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catch for the Niger has varied widely in the last decade after a massive increase from just over 2 000
tonnes in the early 1990s to 50 000 tonnes in 2005. The explanation for this considerable increase is not
given, but may reflect an expansion of the fishery.

The fisheries have contracted since then and this is not unusual, as the tendency for the Sahelian
fisheries is to undergo considerable fluctuation. The 2014 inland production is now estimated by FAO
at 47 000 tonnes. Welcomme (1979) suggested that the Niger’s inland fishery production was probably
about 10 000 to 12 000 tonnes. Potential annual yield has been estimated between 4 000 tonnes in
drought years and up to 40 000 tonnes in flood years (Vanden Bossche, 1991). According to Fluet-
Chouinard, Funge-Smith & Mcintyre (2018), the household survey model estimate for the Niger of
16 355 tonnes indicates that this reported catch may too high and perhaps should be closer to the 2007
figure of 27 000 tonnes.
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Senegal

Senegal has productive river fisheries and used to have an extensive floodplain fishery linked to its
rivers. The Senegal River covers an area of 340 000 km?, the Saloum River, covers an area of 29 700
kmz, and the Casamance River covers an area of 16 300 km2. There is also part of the Gambia River
which covers an area of 77 100 km? and Lake Guiers, which covers an area of 350 km?. The Casamance
River has an estuarine zone that extends far inland. There are also estuarine lagoons around the mouth
of the Saloum River, and the Senegal River has an extensive delta that is deeply penetrated by salt
water. There are a few small lagoons to the north of Dakar (Vanden Bossche and Bernacsek, 1990).
There is a salinity barrage/flood-control dam in the Senegal River delta at Diama and the Manantali
dam on the Bafing River.

In 1999, the estimate of fish production in Senegal was 30 540 tonnes in the Senegal River and 15 370
tonnes in the Sine-Saloum River (Ba et al., 2006). Women fishers are reported to account for half of
the catch in the Sine-Saloum River. The inland fish catch by women is considered to have been excluded
from previous estimates of the fishery and resulted in under-reporting of the production (Ba et al.,
2006). Inland fisheries have been recorded as declining since 1999 (58 747 tonnes) to the present level
of 30 045 tonnes, however this trend is based on only two reports from the country, with the intervening
years being estimated by FAQO.

The potential annual yield was estimated as 37 000 to 60 000 tonnes. The high variability is linked to
the Sahelian drought and this has resulted in historic declines in the fishery and subsequent recovery.
Typically, drought years result in a 50 percent decline in the fishery (Vanden Bossche and Bernacsek,
1990). Reports from Senegal indicate that inland fishery catches are currently declining. The
construction of the Diama dam (on the border with Mauritania) and the Manantali dam (in Mali) in the
Senegal River basin has been implicated in reduced fishery resources in part because of the failure to
implement intended mitigation measures to ensure ecological flows for flooding and inundation of
habitat to sustain inland fisheries (Degeorges and Reilly, 2006). The estimated flooded area of the
Senegal River floodplain is less than 50 percent prior to construction of the Manantali dam.
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Burkina Faso

Burkina Faso has substantial river resources, forming the watershed between the Volta and the Niger
systems (Vanden Bossche and Bernacsek, 1990). Burkina Faso holds 43 percent of the Volta basin,
together with the Comoe basin and the Niger. There are two main types of fisheries in the country,
namely riverine fisheries and seasonal, small waterbodies (typically used for water storage). These
seasonal waterbodies together with lakes, floodplains, and reservoirs comprise a total area of 94 500
ha, equivalent to 77.5 percent of the total waterbody surface area (Béné, 2007). There are about 1 000
small reservoirs that are important for capture fisheries. Catches consist of species such as tilapia species
and the African catfish (Clarias gariepinus) and vary between 60 and 120 kg/ha, which is consistent
with larger artificial lakes in Africa (Kolding, 2016, citing Baijot et al., 2012). Rivers and their primary
and secondary tributaries have a total area estimated about 27 500 ha, (i.e. 22.5 percent of the 122 000
ha of the country’s total waterbody surface area).

The figure reported to FAO of 20 300 tonnes was recently re-estimated and increased from the earlier
reported production of 7 000 to 9 000 tonnes (1990-2005). This is a considerable increase over earlier
estimates of maximum potential yield and is attributed partly to the creation of additional reservoirs.
The inland fish production as a function of renewable surface water (2 300 tonnes/km?/yr) is second
only to that of Chad in this region and comparatively high overall. The fish consumption model estimate
for inland fishery production is three times higher at 77 740 tonnes (Fluet-Chouinard, Funge-Smith and
Mclintyre, 2018). This does not account for possible unreported imports, although large-scale imports
do not appear to be documented. If this estimate is correct, it would indicate that inland fish consumption
(4.4 kg/capital/yr) is in the same order as other neighbouring Sahelian countries. The productivity
estimates for Burkina Faso including stocked waterbodies is only in the range of 16 000 to 18 000
tonnes (Vanden Bossche and Bernacsek, 1990).
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Mauritania

Mauritania has very limited freshwater resources: along the Senegal River and some lakes associated
with the floodplain and one major reservoir (Foum-Gleita). Inland capture production was estimated to
reach 13 000 tonnes in the later 1970s but declined until 1993. FAO has been estimating inland fishery
production for the past 26 years and after increasing between 1989 and 2005, is now fixed at 15 000
tonnes (2006-2015). The maximum national production is considered to be 15 000 tonnes with a
minimum of 6 000 tonnes depending upon the state of drought in the country (Vanden Bossche, and
Bernacsek, 1991). As the majority of inland fish in in the country come from the Senegal River and
associated floodplain, declines in catches from this river are likely to affect both Mauritania and Senegal
equally. The catches in Senegal are reported to have declined in recent years.
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The Gambia

The inland fisheries of the Gambia are confined to the Gambia River, which runs the length of this
narrow country, entering from Senegal. The country is low lying and has an extensive floodplain, which
floods in the rainy season covering 40 percent of the country (VanDen Bossche and Bernascek, 1990).
There are no lakes or reservoirs. The inland fish production is relatively low at 3 900 tonnes estimated
in 2015. The highest production estimated was nearly 5 000 tonnes. The maximum potential yield
estimated by Welcomme (cited in VanDen Bossche and Bernascek, 1990) was 8 000 tonnes.
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2.1.3 NILE RIVER
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FAO map disclaimer: The final boundary between the Republic of the Sudan and the Republic of South Sudan
has not yet been determined. Final status of the Abyei area has not yet been determined.

Inland Per capita Percentage Total Fish production
capture inland fiFs)her of global renewable per unit of
Country fishery catch | Population (2013) productiony inland surface renewable surface
(tonnes) fishery catch water water
(2015) (el (km?3/yr) (tonnes/km3/yr)
Egypt 241 179 82 056 000 3.05 2.0 56 4307
Ethiopia 45519 94 101 000 0.41 04 120 379
South Sudan 37 000 11 296 000 3.28 0.3 50 147
Sudan 31251 37 964 000 0.76 0.2 36 873

This region includes most of the Nile River basin, including tributary rivers, except for the headwaters
in Uganda. It contains the Blue Nile, White Nile, Sudd, Lake Nasser/Lake Nubia, minor reservoirs, the
Egyptian coastal lagoons, Lake Tana and the Ethiopian Rift Valley lakes. Nile tilapia is the most
important species in catches in Egypt and Ethiopia. Total inland fish production for the subregion is
354 949 tonnes (2015) representing 3.1 percent of the global total.

Egypt

The Nile is the only river in Egypt and has a course of 1 300 km through the country. Catches from this
subregion are dominated by Egypt with 67 percent of the total in 2014. Egyptian catches reported to
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FAO have declined form a peak in 2003 (mainly because of a large drop in reported tilapia production),
and have been more or less stable since then. Lake Nasser landings increased from 751 tonnes in 1966
reaching a peak of 34 200 tonnes in 1981. Since then, there has been a dramatic decrease to just 12 500
tonnes in 2005. These statistics may be flawed (underestimated) by the appearance of a significant black
market as a response to fixed prices by the government for fresh fish, as well as to fishers own
consumption, poaching, catch of undersized fish, illegal trade to avoid taxation, and discarded spoilt
fish. This means that a large proportion of actual catch was not recorded, resulting in an estimated
under-reporting of 50 percent (Van Zwieten et al., 2011).

Tilapia (114 093 tonnes) dominates Egyptian catches, followed by catfish (30 459 tonnes) and mullet
(29 368 tonnes). There is a significant amount of brackishwater inland catch from the Egyptian coastal
lagoons (mullet). These species are collected both for consumption but also as fry for aquaculture
(Saleh, 2008). The grass carp is the fourth largest product (15 371 tonnes). The fish consumption model
estimate for inland fishery production (96 915 tonnes in 1997) is 38 percent of the reported production
(261 167 tonnes) for the same year (Fluet-Chouinard, Funge-Smith and Mclintyre, 2018). This may be
an indication of over-reporting.
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Ethiopia

Ethiopia has a number of natural lakes with Lake Tana being the largest (3 500 km?), representing 52
percent of the total lake area. A small part of Lake Turkana and over half of Lake Abbe also lie within
the country. Approximately 14 percent of the country is wetland swamp, rivers and floodplain (Vanden
Bossche and Bernacsek, 1991). Much of the country is at higher altitude so the fish production is
concentrated in the lowland areas. In the central Oromia region, the main fish species harvested are
Bagrid catfish, eel (Anguilla bengalensis labiata) and Barbus species. The predominant fishing gears
are handline and/or longlines. Fishers indicate increasing catches, but requiring greater effort to do so
(Abelti et al., 2014).

The fish consumption model estimate for inland fishery production (10 027 tonnes in 1999/2000) is
lower than the reported production (15 858 tonnes) for the same year (Fluet-Chouinard, Funge-Smith
and Mclintyre, 2018). This higher reported level decreased back to the 10 000 tonnes level in the
following years (and is consistent with the consumption model figure), but starting in 2007 reported
production increased steadily until it reached 50 119 tonnes in 2014. The estimated potential yield for
all the water resources in the country ranges from 21 300 to 70 000 tonnes per year (Vanden Bossche
and Bernacsek, 1991). On the basis of the surveyed fish consumption it is difficult to accept the high
figure reported and no explanation can be given for the steady increase in production over the past
decade. Even at a consistent fish consumption rate (since 1999) and accounting for population increase
to the present, this would only give a total production in the region of 13 400 tonnes by 2013.
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South Sudan

The climate of South Sudan is equatorial, with more or less daily rainfall. The main river system is that
of the White Nile. The Albert Nile enters South Sudan from Uganda through a narrow gorge in a series
of rapids at Nimule. Northward, it becomes known as the Bahr EIl Jebel. The flat clay plains that lie
between the Bahr El Jebel, Bahr El Zerat and the confluence of the White Nile are known as El Sudd
(The Sudd). These are covered with papyrus marsh and seasonal grasslands. The Sudd area includes 8
300 km? of permanent swamps and over 80 000 km? of inundated area during the flood seasons
(Krishnamurthy cited in Vanden Bossche and Bernacsek, 1991). The shallow floodplains (referred to
locally as touch) flood during July to September. From November the waters recede, isolating the
floodplain, which then drains through river channels and by February is dry, leaving a number of
lagoons and deep pools that make up a major fishery. There have been historic proposals to divert water
past the Sudd through the Jonglei canal to increase the agricultural area. This project has commenced,
but has never been completed. Nevertheless, it has already had a serious adverse effect on the Sudd and
its fisheries. The function of the Sudd swamplands to regulate the floodwaters in the Nile system is also
seen to be potentially undervalued.

Fishery production of the Sudd swamp was estimated as 11 000 tonnes with a potential yield in the
range of 75000 to 100 000 tonnes (Vanden Bossche and Bernacsek, 1991). Current production is
estimated by FAO at 55 percent of the total inland capture fishery production of the former Sudan (i.e.
before its separation into the Sudan and South Sudan in 2011). The fish consumption model estimate
for inland fishery production for the former Sudan (212 083 tonnes in 2009) is more than three times
the FAO estimate for the former Sudan in the same year (66 000 tonnes) (Fluet-Chouinard, Funge-
Smith and Mclntyre, 2018). This consumption model estimate is more than double the maximum
potential yield estimated by Vanden Bossche and Bernacsek (1991), however it seems plausible as the
survey figures returned very high figures for fresh fish consumption in the main river and swamp areas,
and this could only have been freshwater fish. This survey was conducted in 2009, prior to the unrest
affecting the Sudan and before the creation of South Sudan, and it is quite possible these production
figures are currently much lower as a result. Assuming that 55 percent of the catch prior to the creation
of South Sudan came from the Sudd, then the survey model estimate for South Sudan would be about
114 000 tonnes.
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The Sudan

The Sudan has a desert climate with little rainfall throughout the year. Towards the south of the country
it has an unstable climate, with a pronounced rainy season of variable duration. The Blue Nile, with a
catchment of 325 000 km?, originates in Ethiopia and extends 2 000 km into Sudan, until it joins the
White Nile to become the River Nile. Within Sudan the Blue Nile is joined by the Dinder and Rabad
tributaries. The Nile leaves Sudan at Lake Nubia and thereafter to Lake Nasser to enter Egypt. There
are a number (>800) of small water storage bodies (hafirs) in the floodplains of the Sudan as well as
floodplain lakes. These small waterbodies and the reservoirs in the country are estimated to have a
potential yield in the order of 22 000 tonnes (Vanden Bossche and Bernacsek, 1991). As discussed
above, the fish consumption model estimate for inland fishery production for the former Sudan (212 083
tonnes in 2009) is more than three times the FAO estimate for the same year (66 000 tonnes) (Fluet-
Chouinard, Funge-Smith and Mclntyre, 2018). Based on a crude division of the 2009 figure between
South Sudan and the Sudan, this is perhaps shared 55:45, which indicates the Sudan’s proportion is
about 93 500 tonnes. The subnational consumption of freshwater fish in the surveys indicated high
figures across most of the country containing the main rivers and floodplains. Further work on the
subnational results in the model may give a better resolution of this figure.
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FAO map disclaimer: The final boundary between the Republic of the Sudan and the Republic of South Sudan
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Country fishery catch | Population (2013) production inland surface water renewable
(tonnes) fishery catch s surface water
(2015) (kg/caplyr) (km/yr) (tonnes/km?3/yr)
Somalia 200 10 496 000 0.02 0.0 14 14
Djibouti 0 873 000 0 0.0 0 0
Eritrea 0 6 333 000 0 0.0 7 0

The main basin in this subregion is the Jubba-Shebelle. This is an arid zone with few rivers and lakes
and minimal inland fisheries, the subregional total being 200 tonnes only.

The Federal Republic of Somalia

The only major systems are the Juba and Webe-Shebelle that originate in Ethiopia and flow through
Somalia to the sea. Fisheries resources are concentrated in the Juba and Shabelle Rivers and their
associated swamps and floodplain areas. The two rivers have two peak flows during the deyr (October
to December) and gu (long rains March to June) flood seasons. The Shabelle River flow is decreased at
the downstream runoff stations during the two peak flow seasons, but there is only a very small flow
reduction in the Juba River. During the hagaa (July to September) and jilaal (January to March) seasons
the daily flow for the two rivers are very low and even close to zero.

The Shabelle River is a large but seasonal river that sustains a fishery, but this fishery had not been
studied by 1991 (Vanden Bossche and Bernacsek, 1991). There was some potential for commercial-
scale fishing, which was carried out by at least one fishing co-operative prior to the civil war (UNEP,
2005). Freshwater fisheries are primarily a subsistence activity practised by Bantu people along the
rivers in southern Somalia.
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Freshwater fish catches were estimated at 400 tonnes in 1990 (IUCN cited in UNEP, 2005), but more
recent figures suggest that this catch had halved by 2000 (WRI cited in UNEP, 2005). Somalia has not
reported any catches to FAO, and the present (conservative) estimate of 200 tonnes per year have been
made by FAO since 1986.
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Djibouti
Djibouti consists largely of volcanic plateau and desert. There is one medium-sized lagoon, the Ghoubet

Kharab. Minor streams flow into two lakes (Abbe and Asal). The country has no significant inland
fishery outside of the Ghoubet Kharab and Djibouti does not report any inland fishery catch.

Eritrea

Eritrea is characterized by an arid and semi-arid climate and possesses limited water resources. Rainfall
is torrential and unpredictable, occurring irregularly in high intensity short periods. Water harvesting
structures such as dams, ponds, and wells have been constructed for domestic and irrigation uses. Some
large, medium and small water storage structures (e.g. Gherset, Ghergera, Fanco and Kerkebet) have
been constructed. Endemic fish fauna are limited, and Eritrea does not report any inland fishery catch.
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Nigeria 337874 | 173 615000 1.96 2.95 279 1210
Ghana 90000 | 25905000 3.47 0.78 55 1639
Cameroon 75000 22 254 000 3.37 0.65 278 270
Guinea 26 000 11 745 000 1.87 0.23 226 115
Benin 20770 | 10323000 2.53 0.18 26 796
Cote d'lvoire 8000 | 20316000 0.37 0.07 81 98
Togo 5000 6 817 000 0.73 0.04 14 357
Liberia 2200 4294 000 0.51 0.02 232 9
Sierra Leone 2100 6 092 000 0.49 0.02 150 14
Equatorial Guinea 1000 757 000 1.32 0.01 25 40
Guinea-Bissau 150 1704 000 0.09 <0.01 27 5

The West African coastal region groups those countries lying along the West African coast. This
subregion includes a large number of rivers, the largest basins are the Volta, Sanaga, Benue and the
Niger that all drain into the Atlantic Ocean. Many of the rivers have been impounded, and the Volta
system includes the largest reservoir (Lake Volta) in the world by area. Many rivers also terminate in
coastal lagoon complexes. Many countries in the West African coastal region are heavily influenced by
the Sahelian climate as they extend northwards into the arid zone; this is especially the case with Ghana,
Guinea and Nigeria. All of these water resources have rich inland fisheries, although the impacts of
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damming and impoundments have impacted connectivity and the extent of seasonal flooding. The
summary total reported production from these countries is 568 094 tonnes (2015) and is 5.0 percent of
the global total.

Nigeria

The Niger River drainage covers most of the hinterland of Nigeria. Two main arms, the Niger itself
(which flows for about 1 300 km through the country) and the Benue (1 440 km long), are joined by
several major tributaries such as the Sokoto, the Gongola, the Kaduna and the Anambra Rivers. The
main channels of the Niger and Benue Rivers and main Nigerian tributaries to these rivers all have
extensive floodplain systems. Total inland floodplain area in Nigeria reaches 5 150 km? (Vanden
Bossche and Bernacsek, 1990). The southern coastal part of Nigeria is drained by a series of shorter
rivers, principal among which are the Ogun, the Oshun (267 km) and the Cross Rivers. One major
reservoir has been formed on the Niger River behind Kainji dam. Kainji reservoir covers a maximum
area of 1 270 km?. Lake Kainji fishery is reported to yield between 4 500 and 6 000 tonnes/yr. The
productivity of these reservoirs ranges from 24 to 55 kg/ha/yr (Crul and Roest, 1995). There is a large
reservoir at Tiga on the Kano River. There are numerous small reservoirs and some small lakes (100),
totalling about 2 840 km? surface area. There are also extensive coastal lagoons and swampland in the
coastal delta region of the country. Nigeria’s inland fishery production (354 466 tonnes in 2015)
represents 60 percent of the subregional catch.
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Ghana

Ghana has extensive rivers and is drained principally by the Black, White and Red Volta Rivers and the
Oti River. There are several smaller rivers (including the Pra, Tano and Bia), which drain the forested
southwestern area of the country. Ghana contains the largest man-made reservoir in Africa, the Volta
reservoir, which is 8 482 km?. It is over 400 km long and has drowned much of the lower courses of the
various rivers of the Volta system. Flooding on the lower Volta River is now controlled by the
Akosombo dam and this affects the riverine production below the dam. The only natural freshwater
lake of any size in the country is Lake Bosumtwi, a crater lake situated in Ashanti region. This supports
some commercial fishing activity. There are about 50 brackishwater lagoons situated along the coast of
Ghana, the largest of which (Keta lagoon) has become more saline with the controlled release of water
from the Volta reservoir. Maximum estimates of yield for the country range between 40 000 and 69 000
tonnes (1988), but these have been greatly exceeded in both the reported production and estimates based
on stock assessment (VVanden Bossche and Bernacsek, 1990).

Ghana provided 20 percent of the subregional production, although FAO has estimated production for
the last four years. Ghana's inland waters are dominated by Lake Volta (8 000 km?). Ghana has reported
a rising inland fishery catch from 65 000 tonnes (2000) to 90 000 tonnes 2015. Lake Volta provided
about 90 percent of the inland catch of 86 772 metric tonnes in 2011 (Béné, 2007).

Stock assessment studies have shown considerable discrepancy with officially reported production. In
some cases, inland waterbodies may produce over three times the national figure reported (de Graaf and
Ofori-Danson 1997; Braimah, 2000). A number of estimates for Lake Volta (based on stock
assessments) range between 150 000 and 200 000 tonnes (de Graaf and Ofori-Danson, 1997), with other
reports indicating as much as 251 000 tonnes in 2000 (Béné, 2007).
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The fish consumption model estimate for inland fishery production for Ghana (116 819 tonnes in 1998-
1999) exceeds the officially reported production of 74 500 tonnes, for the same period (Fluet-
Chouinard, Funge-Smith and Mcintyre, 2018). This is equivalent to a per capita consumption of
freshwater fish of 6.3 kg/capita/year for the period. Per capita fish consumption in stratum VII of the
reservoir is 44 kglyear, (De Graaf and Ofori-Danson, 1997; van Zwieten et al., 2011).
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Cameroon

Cameroon is characterized by an extremely dry north region and a very wet, high-altitude western
region. There are numerous perennial rivers in the south with extensive floodplains. There are a number
of natural lakes in Cameroon. Northern Cameroon contains part of the Yaéré floodplain, which is part
of the Lake Chad Basin and 8 to 40 percent of the lake area is contained in the country depending on
the flooded extent of Lake Chad (Welcomme, 1979). There are more than 16 man-made reservoirs.
There are no significant coastal lagoons. Although the country has relatively high amounts of surface
water, the productivity of this is relatively low. Total annual production was estimated to be in the range
of 40 000 to 50 000 tonnes before the Sahelian drought, dropping to 20 000 tonnes in the drought years.
The potential production was estimated by Balarin as between 45 000 and 80 000 tonnes (Balarin,
1985, cited in Vanden Bossche and Bernascek, 1990). Cameroon’s inland fish production is regularly
estimated by FAO in between reporting years from Cameroon. This is rather static at 75 000 tonnes,
which is at the upper end of the estimate of total potential yield.
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Benin

Benin has a relatively narrow marine coastline and a significant interior, thus inland fisheries are more
important than marine capture fisheries in terms of employment and food production. Inland waters
include coastal lagoons and lakes. The country has limited surface waters and no major river systems.
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Despite this, Benin reported an inland fishery production of 32 991 tonnes in 2014 and has a fishery
productivity of 1 265 tonnes/km?®/yr, which is comparable with Nigeria and Ghana. The inland fisheries
of the country provide 69 percent of the national fish production and employ the majority of the
country’s fishers, estimated at 125 000 fishers and total employment in the subsector is estimated at
over 200 000 (DeGraaf and Garibaldi, 2014). It is possible that the natural levels of productivity are
exceeded by extensive (and growing) numbers of brush parks and whedos (ponds that retain trapped
fish that are fed and harvested later in the season). Such structures occur along the West African coast
in Ghana, Togo and Nigeria, but are nowhere as developed as in Benin, and they represent a shift
towards enclosure of previously traditionally regulated free access fisheries (Welcomme, R. pers.
comm.).
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Guinea

Several large rivers have headwaters in Guinea and the upper stretch of the Niger has 580 km of its
length within Guinea. Together with its major tributaries this probably totals over 3 400 km of
waterways. Other important rivers are the Gambia (210 km), the Bafing headwater of the Senegal (130
km) along with many others (including Konkoure and Kolente). There are no large natural lakes or
coastal lagoons in Guinea. There are five reservoirs with a combined area of 31 km?2. The number of
fishers employed is over 15 000 and total employment in the inland fishery subsector is estimated at
just under 27 000. Welcomme (1979) estimated the total potential yield at 5000 tonnes (prior to
construction of at least one dam) and the inland capture production of Guinea is currently estimated
by FAO at 26 000 tonnes (2015). FAO has estimated inland capture fishery production since 2002,
therefore revisiting the estimated production may be worthwhile.
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Cote D’Ivoire

Cote d'lvoire contains two main basins that lie wholly within the country and these are the basins of the
Sassandra River (650 km), and the Bandama River (1 050 km). It also contains two very short headwater
tributaries of the Niger River and several small rivers (Komoe, Cavally, Tano, Bia and Black Volta).
There are no extensive swamps or floodplains. There are more than five reservoirs, but only one of any
size (Kosoou). There are several large lagoon complexes along the coast (Aby-Tend-Ehy, Tagba-Maki-
Tdio/Grand-Lahou, Ebrie) (Vanden Bossche and Bernacsek, 1990).

Estimates of production in 1982 were 24 000 tonnes (with another 11 500 tonnes from lagoon fisheries).
FAO estimates for the same year are lower (22 000). Catches reported to FAO peaked in 1989 (30 500
tonnes) and have been declining ever since, with one outlier year. FAO estimates 2015 production as
8 000 tonnes. The fish consumption model estimate for inland fishery production for Céte D’Ivoire
(155 328 tonnes in 2002) greatly exceeds the officially reported production of 22 000 tonnes (Fluet-
Chouinard, Funge-Smith and Mclntyre, 2018). It also exceeded the highest estimate of potential yield
for the country (62 000 tonnes) in Lazard (cited in Vanden Bossche and Bernacsek, 1990). Early, low
production estimates were attributed to limited numbers of fishers and a degree of unreported illegal,
unreported and unregulated fishing. There are accounts of exports to neighbouring countries, e.g.
Burkina Faso (Béne, 2007). However, these do not account for such a large production as that estimated
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in the consumption model. A partial explanation is that there are imports of smoked fish from elsewhere
boosting the figure, but this seems unlikely to account for the entire difference. The high population of
the country drives this high figure, as inland fish consumption rates in Cote D’Ivoire are relatively high
for the region and it may simply be that these inland fisheries have been greatly underestimated in the
past.
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Togo

There are three main river basins in Togo: that of the Oti River, which flows (210 km) to form a border
with Ghana; that of the Mono River, which flows south (360 km) although part of its lower course is in
Benin; and there are three small coastal rivers in the south which form a third small basin. The total
estimated length of rivers is 1 500 km (Aubray cited in Vanden Bossche and Bernacsek, 1990). There
are no natural freshwater lakes of any size in Togo, but several small coastal lagoons. There are a 70
small reservoirs and the larger Nangbeto reservoir is 180 km?. Fishing activities are carried out in the
Togolese lagoon system of 64 km2 composed of Lake Togo, Togoville and Vogan lagoons, which has
an estimated total production of 1 000 tonnes per year (FAQ, 2007). Other inland fisheries in rivers and
reservoirs occur throughout the territory (Mono and Oti Rivers, Nangbeto hydroelectric dam) with an
estimated production of between 4 000 and 5 000 tonnes per year. The main species caught in inland
waters are: Tilapia spp., Clarias gariepinus, Labeo spp., Chrysichtys auratus, Lates niloticus, Alestes,
Hemichromis, Citharinidae, and Synodontis. Shellfish are rare and crustaceans (crabs and crayfish) are
relatively abundant.

The total production reported to FAQ is 5 000 tonnes (2014), a figure that has not changed since 1996.
This is obviously an estimate, as the inland fishery is not monitored (FAO, 2007). The fish consumption
model estimate for inland fishery production for Togo is 20 124 tonnes (2006), which is four times
higher than the officially reported production of 5000 tonnes (Fluet-Chouinard, Funge-Smith and
Mclintyre, 2018). This is based on an estimated consumption figure of 3.4 kg/capita/yr. The estimate
from the consumption model is also considerably higher than the estimate of total potential yield for
the country of 6 000 tonnes (Aubrey, 1977 and Patasse cited in Vanden Bossche and Bernacsek, 1990).
However these earlier estimates were before the construction of the Nongbeto reservoir, which has
increased production somewhat. According to the African Development Bank, the original expectation
of the developers was 1 000 to 1 500 tonnes of fish annually. Even accounting for additional production
from the Nongbeto reservoir, it seems that there is more inland fish availability than accounted for in
reported statistics.

More than half of all fishers work in the inland fishery, most often seasonal workers not from Ghana.
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Liberia

Freshwater bodies cover 15 050 km2 (14 percent) of the total area of Liberia (Ministry of Agriculture).
There are six main rivers in Liberia that flow from Guinea into and across Liberia (Loffa, Saint Paul,
Saint John, Cestos, Moa and Mano Rivers). The Cavalla river forms the border with Cote d'lvoire. There
are smaller rivers and the total length for the country is estimated at 3 000 km (Aubray cited in Vanden
Bossche and Bernsascek, 1990). The flat, low lying coastal plains are susceptible to flooding during the
rains, in particular where a sandbar blocks the river mouth. Most rivers exhibit floodplains along their
course, but the extent of these is not known. There are no important natural lakes in Liberia. There are
two types of coastal lagoons: marine and freshwater. The freshwater lagoons occur where a river outlet
is blocked by a beach sandbar, creating a reservoir. This is a common feature of a large number of the
coastal rivers, especially those with a slow flow. It is also a characteristic feature of the strong offshore
currents. Lake Piso in the north (170 km?) and the swamps around Monrovia are examples of this and
the total area is estimated between 500 and 800 km? (Aubray cited in Vanden Bossche and Bernsascek,
1990).

FAO has estimated inland fish production for the past seven years, which is currently 2 200 tonnes.
Total potential yield based on assumed productivity of waters (25 to 50kg/ha/yr) is estimated at between
2 000 and 4 000 tonnes (Aubray cited in Vanden Bossche and Bernsascek, 1990). During the 1980s to
the 1990s the upper level of 4 000 tonnes was reported, but this has now declined. With reasonably
abundant renewable water resources (232 km?/yr), comparable with those of Nigeria and Cameroon, it
may be reasonable to suppose that production should be higher, although Liberia’s population is
relatively low.

The importance of the lagoon catches should not be underestimated. However, it is possible that these
are included in the marine fishery statistics and thus not reported as inland fisheries, despite the fact
that the species caught (tilapia and catfish) are essentially freshwater species. The lagoon catches have
been estimated to range between 3 970 tonnes/year and 7 100 tonnes per year (Belhabib et al., 2013).
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Sierra Leone

Sierra Leone has many small rivers that drain the northern highlands and discharge into the Atlantic.
The largest are the Sewa River (340 km), Jong River (230 km), Little Scarcies River (260 km), Rokel
River (260 km) and Moa River (190 km). The rivers are all rocky and torrential in their upper courses,
but open into wide estuaries that penetrate far inland and are bordered by mangrove swamps (over
10 000 km? in area) and floodplains. There is one small lake in the country (Sonfon). The lower courses
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of these rivers have extensive saline intrusion and are surrounded by extensive marshes (Little Scarcies
and Sewa Rivers). There are two large coastal lagoons (Mabegi and Mape) and many smaller ones.
There are no major reservoirs in the country and only small dams on the Congo river (Musaja, Sefadu,
Jaiama, Loma Valley, Regent) (Vanden Bossche and Bernacsek, 1990).

Estimated potential yield for inland fisheries is 3 000 to 6 000 tonnes (Welcomme, 1979). FAO has
estimated inland fishery production since 2000 with one exception (2014). In the mid-1970s production
leapt from about 1 000 tonnes to 16 500 tonnes. This declined gradually, according to FAQ estimates,
until 2006, whereupon it dropped rapidly to its present figure of only 2 100 tonnes. As these figures are
largely FAO estimates, there is little conclusive analysis to be drawn. It should be noted though that
during the period, 1990 to 2001, when production ranged between 14 000 and 15 000 tonnes the figures
were national reports.

Sierra Leone has relatively abundant renewable water resources (151 km®/yr), and is similar to Liberia.
It may be reasonable to suppose that inland fishery production might be higher than that reported. Use
of household consumption and expenditure surveys might reveal more as to the true extent of inland
fishery production.
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Equatorial Guinea

There are no large rivers in the country and the riverine resources are all of relatively low productivity.
The largest river (Rio Benito) is about 230 km long and has an average width of only 150 m. Other
rivers are all typically clean, “black™ acidic waters that are low in nutrient salts, dissolved oxygen and
high in humic acids. There are no significant impoundments (Vanden Bossche and Bernsascek, 1990).
Potential annual yield is estimated at 1 000 tonnes (Matthes cited in Vanden Bossche and Bernacsek,
1990). FAO has estimated production since 2001 with one exception and is currently estimated as 1 000
tonnes.

The importance of freshwater and estuarine fish has been identified as playing a major role in supplying
the population of Equatorial Guinea with protein. This is caught mostly by women and children (Perpina
Grau, 1945, Matthes, 1980 and Keylock, 2002; all cited by Balhabib et al., 2016). There have been
attempts to estimate production using consumption estimates (Balhabib et al., 2016), however, these
estimates did not distinguish between the fish supply from inland and marine waters. These authors
indicate that catches from rivers and inland/estuarine waters might be considerably greater than the
current 1 000 tonnes estimate.
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Guinea Bissau

Guinea Bissau has three main river systems, the largest being the Corubal. The Cacheu has a lower
floodplain. There is one minor lake (Lake Cufada) and no reservoirs or coastal lagoons. FAO has
estimated production for Guinea Bissau since records began and the current estimate is 150 tonnes
(2015). The limited total renewable surface water resources and relatively low population indicate that
the inland fishery catch is unlikely to be very high.
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2.1.6 AFRICAN GREAT LAKES

g 4 TRy - A e
e Bomy . South Sudan b i e Y “
2 s Ist'Ifanos Ethio;ig) ./'

Republic }

Va0 vietamals

Seychelles

padindaled
Comoros
“{Angola}
h S -».rw,m% ’
R A Mozar;lil;:‘;ﬁ_ej
e D g Madagascary
Mazo! &;-j
Inland Per capita Percentage Fish production
sziis?:r'; Population inland of global rer;l;(\)lszlble per unit of
Count fishery inland renewable
oty catch (2013) production | fishery catch SRR T surface water

(tonnes) (km®/yr)

(2015) (kg/caplyr) (tonnes/km?/yr)
Uganda 396 205 37 579 000 11.16 3.9 60 6 592
United Republic of | 39 94 | 49 253 000 6.4 23 92 3359
Tanzania
Kenya 156 468 44 354 000 3.48 1.3 30 5181
Malawi 141 643 16 363 000 6.86 1.0 17 8197
Rwanda 29 334 11 777 000 1.9 0.2 13 2 206
Burundi 20120 10 163 000 1.3 0.1 13 1604

The Great Lakes subregion of Africa includes some of the largest lakes in the world (Lake Turkana,
Lake Victoria, Lake Kivu, Lake Tanganyika and Lake Malawi) and several lesser lakes. Catches
increased in all the subregion’s countries until the 1990s and thereafter remained stable or declined
slightly. There have been dramatic increases in dagaa (small pelagic cyprinid) catches in Lake Victoria
over the last few years, possibly owing to increased productivity through eutrophication, and these are
now appearing in the Ugandan and Kenyan and Tanzanian statistics. The summary total reported
production from these countries is 1 053 694 tonnes (2015) representing 9.2 percent of the global total.
Outside of the Great Lakes there are a number of floodplain fisheries, which also lie within the borders
of the countries in this subregion.
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Uganda

Uganda has an extensive lake system covering over 38 500 km?, comprising Lake Victoria, Lake Kyoga
and the Rift Valley Lakes (Edward, George and Albert). Lake Kyoga is, in essence, an extension of the
Victoria Nile, being relatively shallow with numerous estuaries and swamps. In addition to its lakes,
Uganda has about 5 100 km? of swamps, and over 2 000 km of main rivers (Vanden Bossche and
Bernacsek, 1990).

The bulk of Uganda’s inland fish production (396 205 tonnes) is derived from the Lake Kyoga complex

and its Lake Victoria fisheries. Production has fluctuated between 367 000 to 461 000 tonnes since
2004. This was driven mainly by reported production of tilapia (Oreochromis niloticus) (49 464 tonnes)
and Nile perch (Lates niloticus) (71 891 tonnes). Both of these species have declined in reported catches
in recent years and the small pelagic species, the Lake Victoria sardine (Rastrineobola argentea) or
mukene (73 767 tonnes), and the small, but carnivorous nurse tetra (Brycinus nurse) (68 887 tonnes)
now make up a substantial proportion of the catch. Other reports of catches indicate Nile perch
production as relatively stable. Rastrineobola argentea provides an important and affordable source of
fish for poor communities living around the lake and in eastern, central and southern Africa. Lake
Victoria’s fisheries provide protein for the eight million people along the lake’s shore and support over
100 000 fishermen (Darwall et al., 2005; Geheb et al., 2008).

The fish consumption model estimate for inland fishery catch (269 710 tonnes in 2005/2006) is 38
percent lower than the reported production (416 758 tonnes) for the same year (Fluet-Chouinard, Funge-
Smith and Mclntyre, 2018). This is very consistent with the national catch figures reported prior to 2005
and may indicate that catch was subsequently overestimated, as the reported catch jumped 172 percent
between 2003 and 2005 (from 241 810 tonnes to 416 758 tonnes). The lower figure may also reflect the
fish consumed in the country rather than total catch, as exports from Uganda to surrounding countries
may not be fully reflected in the national export data.
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United Republic of Tanzania

The total water area in the United Republic of Tanzania covers nearly 61 500 km? or about 6.5 percent
of the total land area, 88 percent of which is made up by its three major lakes (Lake Tanganyika, Lake
Nyasa and Lake Victoria), which are shared with neighbouring countries. Lake Victoria is a broad
shallow lake with very high productivity. Other large lakes include Lake Rukwa and Lake Kitangiri.
Over one million people are dependent upon the fisheries from Lake Tanganyika (Darwall et al., 2005).

There are a group of Rift VValley soda lakes (Lakes Natron, Eyasi and Manyara), which are very shallow
and liable to dry up in low rainfall periods. There are comparatively few river systems within Tanzania
as the main central plateau is arid. There are four distinct river basins (the Rufiji basin, which is the
largest basin, and the smaller Pangani, Ruwami, Ruvu basins) and the Lake Nyasa (Lake Malawi)
basin.
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Total production is reported as 309 924 tonnes (2015). This is dominated by small pelagic species
namely Ratrineobola argentea (mukene/dagaa) (136 906 tonnes) and kapenta (Stolothrissa and
Limnothrissa spp., 20 967 tonnes) captured in both Lake Tanganyika and Lake Victoria. Nile perch
(73 052 tonnes) and tilapia (28 577 tonnes) are also important lake catches. The rapid rise in
Ratrineobola argentea after 2007 coincided with the reported decline of the Nile perch production and
some declines in tilapia and kapenta. The Rufiji floodplain and delta and the Kilombero floodplains in
Tanzania have inland fisheries and were estimated to produce about 11 000 tonnes (Turpie, 2000) with
a further 2 000 to 7 000 tonnes from the Kilombero floodplain. It is assumed that these are a mixture of
floodplain species and their contribution to the total production is relatively modest compared with the
production from the Great Lakes.

The fish consumption model estimate for inland fishery production (368 678 tonnes in 2007) is in close
agreement with the reported production (380 625 tonnes) for the same year (Fluet-Chouinard, Funge-
Smith and Mclntyre, 2018). This indicates that per capita consumption of inland fish is 8.8 kg/capita/yr
in 2007. Reported production generally fluctuates between 250 000 tonnes and 325 000 tonnes and it is
worth noting that 2007 was an extreme outlying year.
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Kenya

The freshwaters of Kenya are estimated to cover 10 000 km? and these are largely influenced by the
Great Rift Valley containing five drainage basins. The fisheries are dominated by the large lakes of the
country. Six percent of Lake Victoria lies within Kenya's border and a considerable portion of this is
located in the shallow and productive Kavirondo Gulf. The Lake Victoria basin contains eight rivers of
significant size. These rivers (Nzoia, Yala and Sio Rivers are the most important) drain about 47 percent
of the total of Kenya's runoff into Lake Victoria. The larger Rift Valley lakes are Lakes Turkana,
Baringo, Bogoria, Nakuru, Elementeita, Naivasha and Magadi. There are many other smaller lakes in
the country. There are extensive seasonal floodplains and swamps in Kenya that are filled with water
during the rainy season for three to four months of the year. Several of these are the lower floodplains
of the Tana and Sabaki Rivers. The Tana River is a coastal river and is the longest river in the country.
The Sabaki-Athi-Galana River is the second longest, and has a broad floodplain in its lower reaches.
There are also several small seasonal lagoons in coastal areas at the mouths of the Tana and Galana
Rivers (Vanden Bossche and Bernacsek 1990).

Inland fishery production rose dramatically with the development of the Nile perch (Lates niloticus)
fishery in Lake Victoria and then afterwards with the development of the silver cyprinid (Rastrineobola
argenta) fishery. The Nile perch fishery reached its peak in 2000 (108 915 tonnes) but has declined
continuously since then until the present (38 656 tonnes in 2015). The Rastrineobola (dagaa) fishery
has increased to reach its current level of 76 134 tonnes (2015), but does fluctuate considerably between
years (which is rather typical of small pelagic fisheries such as this). Tilapia species are another
important component of the fishery although considerably less so than the top two species. Lake
Turkana also has some potential as an important fishery but it has fluctuating productivity depending
upon water levels and a low population of fishers. This lake, together with other sources, are considered
to account for only 3 percent of the fish production of the country (Abila, 2007).
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The fish consumption model estimate for inland fishery production (84 912 tonnes in 2005/6) is 40
percent lower than the reported production (140 199 tonnes) for the same year (Fluet-Chouinard, Funge-
Smith and Mcintyre, 2018). This significant discrepancy may point to unreported fish exports (and thus
less availability in the country), but also may indicate the extent to which Rastrineobola (dagaa) are
converted to fishmeal. A survey conducted from 1997 to 1999 indicated that about 40 to 60 percent of
dagaa was processed into fishmeal. This was estimated to be about 18 000 tonnes of (fresh/wet weight)
dagaa and 8 000 tonnes of Nile perch by-products a year. At the same ratio in 2005/2006, the use of
dagaa as fishmeal would be approximately 21 000 tonnes. This is still not enough of the production to
explain the discrepancy, but is indicative of how unaccounted non-food uses may distort calculations
of production based on household consumption.
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Malawi

Lake Malawi with an area of 30 800 km? covers 20 percent of the country and over half of the lake is
effectively controlled by Malawi. Lake Malawi is a deep Rift Valley lake (maximum depth 758 m) and
the richer fishing grounds of the shallow southern areas of the lake lie within Malawi. Lake Malombe
(390 km?) to the south of Lake Malawi, is a shallow lateral expansion of the Shire River. The lake
regime has been stabilized by a flood-control dam downstream. Lake Chilwa is an endorheic lake
showing extreme variations in level. It dries out almost completely in some years, but may extend over
2590 km? at highest water when it is surrounded by 1 000 km? of marshland. Its mean area is about 750
km?, Lake Chiuta is a smaller lake of the same type as Lake Chilwa and covers about 200 km? when
full. The Shire River (520 km) is the principal river in the country and flows from Lake Malawi into
the Zambezi and most of its length is in Malawi. The river floods over large areas to form the Elephant
and Ndinde marshes and the total system covers about 1 030 km? at peak floods, but reduces in area to
480 km? at low water. There are ten large reservoirs for municipal water supply and limited irrigation
capacity.

Lake Malawi supports a highly diverse capture fishery that can be grouped into large-scale commercial,
small-scale commercial and subsistence, which are characterized by various fishing methods ranging
from stern to hook and line fishing. The number of fishing vessels on Lake Malawi is estimated at
15 961. The subsector is largely artisanal in nature: the small-scale sector produces 90 percent of the
annual fish production. The large-scale mechanized commercial fishery is confined to the southern part
of Lake Malawi and is largely carried out by medium stern and pair trawlers. This sector contributes
about 8 percent of the capture fishery landings.

Reported catches rose through to the late 1980s exceeding 88 000 tonnes, and then declined until early
2000. Following that, production has increased steadily to reach 141 613 tonnes (2015). This rise was
initially driven by reports of cichlid catches until 2006 when these were replaced by a massive surge in
catches of Lake Malawi sardine, locally known as usipa (Engraulicypris sardella), which had
previously been a minor (or unidentified) part of the total catch.

Lake Malawi is the source of 50 to 60 percent of the total animal protein supply in the country, with
over 70 percent of Malawi’s population depending on Lake Malawi and its catchment for their daily
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survival needs and livelihoods (Chafota et al., 2005). The contribution of dried fish to increased blood
iron content was noted by Aberman et al., 2015. The fishery sector directly employs nearly 59 873
fishers and indirectly over 500 000 people who are involved in fish processing, fish marketing, boat
building and engine repair. Furthermore, nearly 1.6 million people in lakeside communities derive their
livelihood from the fishing industry (Singini, 2013).

The fish consumption model estimate for inland fishery production (392 902 tonnes in 2010/2011) is
nearly 400 percent higher than the reported production (98 298 tonnes) for the same year (Fluet-
Chouinard, Funge-Smith and Mclintyre, 2018) and still more than double the current reported
production. This huge catch seems quite unlikely from Malawi’s inland water resources and indicates
that this production figure derived from the survey is unreliable. It is possible that there are hidden
imports of fish to the country supplementing the national production, however published studies
indicate that Malawi actually exports more fish than it imports. Crossborder fish exports (mainly dried
usipa, Engraulicypris sardella) from Malawi into Mozambique and Zambia, were estimated at 24 116
tonnes (2015-2016) (Mussa et al., 2017). The fact that the majority of the fish reported in the household
survey is dried fish, indicates that a potential source of this large error is the estimation of dried fish
volume in survey responses and its subsequent conversion to fresh weight equivalents in the model.
Both these factors would tend to drive the estimate up. Possible errors in the survey are explored by
Aberman et al., 2015. Despite these errors, the importance of fish in the Malawian diet is undeniable
and indicates the role of inland fisheries in the national nutrition of both Malawi and its neighbouring
countries.
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Rwanda

Rwanda has two main river basins of the Zaire and Akagera Rivers. The country is dominated by the
Akanyaru-Nyabarongo-Akagera River, which drains the majority of the country. The river is encased
in narrow valleys for much of its upper course, but forms broad papyrus-filled swamps in its middle
reaches. The Upper Akagera Lakes Complex is warm, shallow and fertile and is interspaced among the
flooded papyrus plain of the Akanyaru and the Nyabarongo Valleys. Its area is 167 km? and comprises
Birira, Cyohoha South, Gaharwa, Gashanga, Kidogo, Kirimbi, Mirayi, Mugesera, Muhazi, Murago,
Rugwero, and Sake Lakes. The Lower Akagera Lakes Complex is warm, shallow and fertile and is
spread over the lateral floodplain of the Akagera River below the Rusumo Falls. Its area is 178 km? and
comprises Chuju, Hago, Ihema, Iwapibali (also known as Rwakibale), Kishanja, Kivumba, Mihindi,
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Nasho, Ngerenke, Muhari, Rwampanga, Rwanyakizinga, and Rwehikama Lakes. Lake Kivu, in the
Congo River basin is very deep and rich in nutrients. A short, but important, river is the Ruzizi, which
flows out of Lake Kivu toward Lake Tanganyika. There are high altitude lakes in the north (Luhondo
and Bulera), which are cold, deep and rather infertile. A higher altitude swamp occurs in the north of
the country: Rugezi Swamp, which is 80 km? and is a tributary of Lake Bulera. Two reservoirs have
been built, but are not used for fish production.

Total inland fisheries production for Rwanda was estimated at between 2 500 and 4 000 tonnes, which
included the developing fishery for catch of Limnothrissa, which was introduced into Lake Kivu. This
was the production reported until 1995, after which it started to increase exponentially until it reached
29 334 tonnes (2015). This is a testament to the development of the fishery for Limonthrissa miodon
(Lake Tanganyika sardine), which dominates production at 61 percent of the total catch (17 920 tonnes
in 2015).

Burundi

The northeastern corner of Lake Tanganyika is the largest body of water in Burundi, comprising 2 600
km? of the lake area (8 percent). The lake is very deep (1 470 m) and the shoreline plunges steeply
downward. There are some small lakes in the Upper Kagera Lakes Complex, associated with the
Akanyaru River in the north. The largest are Lakes Cyohoha South and Rugwero, which are situated
between Burundi and Rwanda. There are three smaller lakes (Kazigiri, Lirwihindi and Kakamurindi).
There are no rivers in Burundi of major importance to fisheries. The main rivers are the Ruvubu (130
km in Burundi) and the Ruzizi River, which flows from Lake Kivu toward Lake Tanganyika. This is a
relatively small and fast flowing river. In the north of Burundi there are tributaries of the Akanyaru
River that drain toward the Kagera in Rwanda (and eventually Lake Victoria in Tanzania). There are a
number of small floodplains and swamps in the north and southeast.

There are three important reservoirs: Mugere (Bujumbura Province), Rwegura (Kayanza Province), and
Ruhoha (Muyinga Province). Ruhoha reservoir has been stocked with fish.

The principle species produced in Burundi are the small pelagic Stolothrissa tanganicase (Lake
Tanganyika sprat), Lates stappersii (sleek lates) and other small pelagic Limonthrissa/Stolothrissa
species (dagaa/kapenta). It is assumed that the bulk of the catch is derived from Lake Tanganyika and
that this is the principle driver of national production. The Limonthrissa/Stolothrissa species dominated
catches until 2004 when they collapsed to be replaced by the Stolothrissa tanganicae. The species had
previously collapsed for a number of years between 1980 and 1987. During this time unspecific species
production rose, but they were eventually replaced as the stock recovered.
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Central African Republic 28000 | 4616 000 6.5 0.24 141 199
Gabon 11 000 1672000 0.1 0.10 164 67

The Congo basin consists of the central African rivers system consisting of the Congo and Ubangi
Rivers and the associated tributary river basins. Rivers of part of the Central African Republic are
tributaries of the Chari system. Statistical reporting of inland capture production from the Congo basin
and its rivers is very poor, and FAO has estimated catches for the Central African Republic and the
Democratic Republic of Congo and Gabon regularly over the past ten years. Catches from most of the
Congo basin countries are not reported by taxonomic grouping. Fish is generally considered to be
important in the diet of the region, this is apparent from the per capita fishery production (in the case of
the Congo and Central African Republic) and there is clear evidence of its importance in the household
consumption figures for Democratic Republic of Congo (Fluet-Chouinard, Funge-Smith and Mclintyre,
2018). Fish trade evidence points to considerable imports from neighbouring subregions (10C, 2012).
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The Democratic Republic of the Congo

The Democratic Republic of the Congo covers the major part of the basin and dominates the catches
from the Congo River system accounting for 74 percent of the total inland capture production of the
three countries. FAO has estimated catches from this basin for the last ten years at a stable level. The
large size and relatively low population densities of the Democratic Republic of the Congo almost
certainly limit the level of exploitation of the inland fisheries of the basin. However, the FAO 2014
estimate of 232 000 tonnes (2004) is only 24 percent of the estimate derived from the household survey
model of 964 636 tonnes in 2004-2005 (Fluet-Chouinard, Funge-Smith and Mclntyre, 2018). This
indicates that there is potentially significantly more inland capture fishery production than is currently
estimated. The general rising trend provided by the production estimates is consistent with the
increasing populations of the basin. The important message from the survey information is that inland
fish consumption is potentially far higher than officially recognized and is probably about 18
kg/capita/year, far higher than the apparent consumption indicated from the production figures.

The extensive nature of the Congo River resources and the ability of large tropical river basins to sustain
high levels of production under increasing fishing pressure indicate that the higher estimate of
production is quite reasonable. The current surface water productivity figure of 172 tonnes/km?®/yr for
the Democratic Republic of the Congo is quite low, but in a similar order to other African countries.
Equivalent surface water productivities in Asian tropical river basins can range from 500 to 1 000
tonnes/km?®/yr, indicating that inland capture production in the Democratic Republic of the Congo could
easily be double the current estimate. However, this is still only half of the figure indicated by the
consumption model. The Democratic Republic of the Congo is a recognized importer of inland fish
from Uganda, namely Nile perch processing frames from Lake Victoria and dried Brycinus nurse from
Lake Albert (10C, 2012) and 97 119 tonnes of marine and inland fish from Zambia (Mussa et al., 2017).
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The Republic of the Congo

The inland fisheries resources of the Congo are located in the Cuvette Congolaise marshlands (45 000
km?), which are shared with the Democratic Republic of the Congo. There are numerous large rivers
associated with the swamp system including the reaches of the Congo, Ubangui, Sangha, Likouala and
Likouala Aux Herbes. There are also numerous small lakes and the Conkouati, Loubi and Malonda
coastal lagoons. Considering the resources, inland capture fishery production from the Congo is
relatively low, but has increased to 37 320 tonnes in 2015. FAO surveyed the fisheries of Congo in the
early 1990s mainly by market surveys in Brazzaville. The fisheries resources of the Cuvette Congolaise
are very poorly studied, so their potential is unknown (Welcomme and Lymer, 2012). Population
densities in the Congo are low (12 to 17 persons/km?) relative to the neighbouring Democratic Republic
of the Congo (29 to 135 persons /km?), which may limit exploitation. The surface water productivity
figure of 46 tonnes/km?/yr for the Congo is the lowest in the region.
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Central African Republic

Central African Republic lies within two regions. To the north it forms part of the Sahelian Chad basin.
To the south it lies in the extensive headwater basin of the largest tributary of the Congo River system,
the Ubangi, which covers the majority of the country. FAO estimates the catch of Central African
Republic on a regular basis. Estimated catch was relatively stable at about 15 000 tonnes during the
1980s and 1990s before increasing substantially to the present day. A single official report to FAO in
2012 of 32 000 tonnes effectively doubled this earlier figure. Vanden Bossche and Bernacsek (1990)
provide a range of potential production figures between 23 000 and 35 000 tonnes, so the current 2015
FAO estimated figure of 28 000 tonnes is in the middle of the estimated potential production. Although
population densities are low (4 to 9 persons/km?), the surface water productivity figure of 199
tonnes/km?®/yr is the highest in the region.

REFERENCES

Vanden Bossche, J.-P. & Bernacsek, G.M. 1990. Source book for the inland fishery resources of Africa Vol.
1. CIFA Technical Paper No. 18.1. Rome, FAQ. 240 pp.

Gabon

The Ogooue River basin lies almost entirely within the borders of Gabon and forms the principal fishery
of the country. The majority of the production is centred on the middle stretch of the Ogooue River.
FAO has estimated the inland capture production of Gabon since 2007. In 1991, a major revision of the
fisheries production resulted in an increase from previous estimates of about 2 000 tonnes to 9 466
tonnes (reported by Gabon) in 1996. The FAO estimate is currently 9 700 tonnes. The fishery
production per unit of renewable surface water is quite low (67 tonnes/km?®/yr). The fish consumption
model estimate for inland fishery production (2 507 tonnes in 2005) is only 25 percent of the estimated
production (9 700 tonnes) for the same year (Fluet-Chouinard, Funge-Smith and Mcintyre, 2018).
Considering the major revision of catch and the subsequent estimates of FAOQO, it may be time to re-
assess the inland fishery catch of Gabon.
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2.1.8 SOUTHERN AFRICA
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Mozambique 93 020 25 834 000 3.28 0.81 214.1 434
Zambia 83719 14 539 000 5.17 0.73 104.8 799
Angola 38514 21 472 000 0.75 0.34 145.4 265
Zimbabwe 10 500 14 150 000 0.74 0.09 19 553
Namibia 2 800 2 303 000 1.22 0.02 37.85 74
South Africa 900 52 776 000 0.02 0.01 49.55 18
Botswana 81 2 021 000 0.21 0 10.64 8
Eswatini 65 1 250 000 0.05 0 451 14
Lesotho 52 2 074 000 0.02 0 3.022 17

Southern Africa is rich in river and lake resources and these are centred on the Zambezi system
comprising the Zambesi River, Zambezi and Barotse floodplain (Zambia), the Zambezi-Chobe
floodplain (Namibia) and the Zambezi delta (Mozambique). Catches from most of the Southern African
countries are not reported by taxonomic grouping.
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Mozambique

Inland fisheries catches, reported to FAO, amounted to less than 4 000 tonnes until 1992, after which
they increased almost consistently until the present day level of 93 020 tonnes, the highest for this
subregion. The estimate of fisheries in Mozambique (DeGraaf and Garibaldi, 2014) is 83 174 tonnes
and this equates to about one tonne per inland fisher per year. The productivity of surface water (432
tonnes/km?®/yr) is one of the highest for the subregion.

The source of this production is principally attributable to the Cahora Bassa reservoir, where estimates
of the combined yield is 26 000 tonnes per year. Of this, a total of about 10 000 tonnes of kapenta
(Limnothrissa miodon), which has spread downstream from Lake Kariba, are caught, processed and
marketed from Lake Cahora Bassa each year. Approximately 4 000 tonnes are caught by artisanal and
small-scale fishers. Nile tilapia Oreochromis niloticus, has rapidly spread from Lake Kariba and has
displaced the indigenous O. mortimeri, which is now in the IUCN red list (Marshall and Tweddle,
2007). The Mozambique portion of Lake Malawi/Lake Nyassa also contributed an estimated 9 100
tonnes in 1983 (Massinga and Contreras, 1983). The Zambesi delta fishery is variously estimated to be
able to produce between 15 000 and 19 000 tonnes (Turpie et al., 1999; Welcomme cited in Turpie,
2008). Additional inland fishery resources are derived from the Limpopo and Save estuaries.

The fish consumption model estimate for inland fishery catch (63 411 tonnes in 2002-2003) is 362
percent greater than the reported catch (17 500 tonnes) for the same year, clearly indicating that the
catch was higher than estimated at the time. This is equivalent to a consumption of inland fish of 3.2
kg/capita/year in 2003. Based on current reported inland fish catch, the inland fish consumption is 3.3
kg/capita/year, indicating very close agreement with the earlier figure (Fluet-Chouinard, Funge-Smith
and Mclntyre, 2018).
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Zambia

Zambia ranks alongside Mozambique for inland capture fishery production in this region, reaching
80 820 tonnes in 2014. The Zambezi and Barotse floodplain (Zambia) in the main wetland area is
550 000 ha with approximately 224 000 inhabitants. The estimated total catch from this area is 10 500
tonnes.
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The principal man-made large waterbodies are Lake Kariba (shared between Zimbabwe and Zambia)
and the Itezhi-tezhi reservoir. Lake Kariba has a substantial kapenta (Limnothrissa miodon) fishery,
which was introduced into the reservoir in the late 1960s. The fishery expanded from approximately
600 rigs allowed on the lake in 1999 to 1 098 in 2012 with a 40 percent increase in fishing effort over
the same period. Catches have been declining since the 1990s, and are now estimated at 18 000 tonnes
(Kinadjian, 2012).

Natural lakes that support inland fisheries are Mweru, Mweru wa Ntipa, and Bangweulu in Zambia.
Bangweulu fishery supports a seasonal fishing industry and the population may increase markedly
during the season. In 1989 the average annual catch was estimated at 11 900 tonnes, caught by 10 300
people using 5 305 dugout canoes, 114 plank and fibreglass boats, and only 54 outboard motors. In
2000 the catch was 13 500 tonnes (Jul-Larsen et al., 2003). The long-term average reported by Zambia
is for a total catch of 8 350 tonnes for its part of Lake Mweru, but this does not include the important
light fishery for the clupeid Lake Mweru sprat (Microthrissa moeruensis). This is estimated to produce
between 25 000 and 40 000 tonnes (van Zwieten et al., 2003).

The estimated total inland fishery production based on household surveys was 764 573 tonnes in
2002/2003, and was considerably higher than the 63 000 tonnes production reported to FAOQ in the same
year (Fluet-Chouinard, Funge-Smith and Mclintyre, 2018). However, this is equivalent to a consumption
of inland fish of 67 kg/capita/year, which is extraordinarily high for the region. Based on current
reported inland fish catch, the inland fish consumption is 5.2 kg/capita/year, which is more in line with
other countries in the region (Fluet-Chouinard, Funge-Smith and Mcintyre, 2018). However, the
national figure may well be an underestimate and there is evidence of imports of inland fish from
neighbouring countries. The import of dried fish from Malawi alone (24 000 tonnes) is equivalent to an
additional 90 000 tonnes of fresh fish. There are a number of reasons why these two catch estimates are
so divergent, including non-inclusion of floodplain fisheries in official statistics and under-reported
imports. There may also be some effects of the survey methodology, over-estimating actual fish in the
households. The conclusion of this is that the survey figure may be somehow over-estimated (as has
been suggested for Malawi) and warrants more detailed study of fish consumption. Furthermore, the
productivity of Zambian inland fisheries may be greater than previously considered.

According to the Zambia Household Survey, fish provides 23 to 43 percent of women’s dietary protein
(and 24 to 26 percent of dietary fat) and is by the far the predominant source of animal protein in the
Zambian diet (Alaofe et al., 2014).
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Angola

Reported inland capture fishery production rose to 10 000 tonnes in 2003, consistent with the magnitude
of the aquatic resources in the country. Inland fishing areas include small to medium size artificial and
natural lakes, rivers and extensive floodplains; there are no major waterbodies. FAO has estimated
production for Angola since this time. In 2014, Angola reported an 80 percent increase in production
(18 817 tonnes) above the previous estimated levels. The country remains challenged in the production
of inland capture fishery statistics and there are few other sources to draw upon to validate estimates
and reported production. As no census exists for the subsector there is no reliable estimate of the
numbers of fishers and boats (IFAD, 2014). Angola’s inland fishing activities are exclusively small-
scale fisheries with no semi-industrial fisheries. The majority of the catch is made up of a few species,
mainly tilapia and catfish (IFAD, 2014). Vanden Bossche and Bernacsek (1990) estimated a potential
yield from all of Angola’s inland fishery resources of between 50 000 and 55 000 tonnes per year. There
is probably a quantity of hidden, unreported production in Angola through dispersed fishing activities,
but it is unlikely that any real estimate can be derived unless a census or household survey is undertaken
that specifically includes the inland capture fishery or its products.
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Zimbabwe

Zimbabwe shares part of the Zambesi basin and has several other rivers. There are a small number of
floodplain areas. It has no large natural lakes. It shares Lake Kariba with Zambia. Total possible
potential yield for Zimbabwe was estimated at between 21 000 and 44 000 tonnes per year (Vanden
Bossche and Bernacsek, 1990). Catches from Zimbabwe have fallen from a peak of 25 607 tonnes in
1990 to a current estimated level of 10 500 tonnes. This is attributed in part to reduced capacity to
manage fisheries and collect statistics. FAO has estimated inland capture fishery production since 2001,
with one single report in the intervening period (2005). The Zimbabwe portion of Lake Kariba was
estimated to produce 5 000 tonnes in 1995 (Mhlanga and Mhlanga, 2013), but more recent statistics are
unavailable. It is unlikely to be increasing based on the decline in the catches in the Zambian side of
the reservoir.
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Namibia

Namibian inland capture fishery production reported to FAO was negligible until 1983 whereupon a
rapid increase marked improved estimates of the fishery. FAO has been estimating the production since
1998, with one exception (2 800 tonnes in 2007). Principle resources are the Chobe river (on the border
with Botswana) and the Lake Liambezi fishery in the Caprivi area. The Lake Liambezi fishery
developed from almost nothing in 2008, based on subsistence catches dominated by Clarias
gariepinus, and a few tilapia (cichlid) species. In 2010, a rapid increase in large cichlid species
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encouraged fishermen to enter the fishery. The lake fishery is driven by water levels that vary
considerably (the lake dried up in the 1980s). Estimates (Turpie, 2008) for the various fishery resources
of Namibia are somewhat higher than the FAO estimate (2 800 tonnes), and are as follows:

e Caprivi region, which includes the rest of the Chobe and the Kwando-Linyanti system — 1 500
tonnes;

e Chobe River and Lake Liambezi — 600 to 800 tonnes per year; and

e Zambezi-Chobe floodplain — 1 279 tonnes.
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Botswana

Total inland capture production was estimated to have reached 1 800 tonnes in 1988, but underwent a
spectacular decline after that period. Largely based on FAO estimates, by 1995 catches were less than
100 tonnes. The main large river and associated waterbody is the Okavango River (headwaters in
Angola) and its endorheic delta. This fishery was estimated to have 35 000 residents fishing 40 days
per year catching 840 tonnes. Another estimate is 56 000 residents fishing 60 days, yielding 1 045
tonnes (Tvedten et al., 1994). Estimates of the MSY range from 840 to 3 000 tonnes (Turpie, 2008).
The reported fishery production of Botswana recovered from its low level in 2009 increasing to 1 186
tonnes in 2014. This is attributed to a significant increase of fishing effort at Lake Ngami (a lake outside
the Okavango delta), where most fishing activities take place. A sharp decline in 2015 is a result of a
fishing ban imposed on Lake Ngami.
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South Africa

The traditional fisheries on the Pongola floodplain in northern Kwazulu-Natal and the Orange River in
the Northern Cape were the only inland fisheries until dams were constructed to meet urban and
agricultural demand for water and energy in the early twentieth century. There are currently 3 150
waterbodies larger than 1.2 ha with a total surface area of 3 000 km? (McCafferty et al., 2012).

The last year for which South Africa reported any catches was in 1990 with 900 tonnes. This figure has
been maintained as an estimate by FAO since then. The highest catches were obtained during the 1970s
and in the beginning of the 1980s when 1 150 tonnes were landed. Apart from 100 tonnes of unidentified
species the entire catch was North African catfish (Clarias gariepinus). However, Vanden Bossche and
Bernacsek (1990) reported that in 1987 catches were 2 300 tonnes, possibly including 695 tonnes
estimated from recreational fishers in Hartebeespoort dam in the 1980s (Cochrane cited in McCafferty
et al., 2012). Other quantitative data on catches are few and scattered: (Whitehead cited in McCafferty
et al., 2012) reported that catches from Darlington Dam were 1 tonne per day for 100 days, and
Batchelor (cited in McCafferty et al., 2012) reported a catch from various dams in 1984 of 469 tonnes.
Andrew, Rouhani and Seti (cited in McCafferty et al., 2012) reported 3.6 tonnes in 120 days in Tyefu
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Dam in the Eastern Cape, and Potts, Weyl, and Andrew (cited in McCafferty et al., 2012) recorded 10.3
tonnes from Lake Gariep in 2000.

During the colonial period a large number of non-native species were introduced for recreational
purposes, and recreational fishers continue to be the main users of inland fisheries resources, although
subsistence angling is increasing and may contribute significantly to fishing effort. There have been
attempts to develop commercially-oriented fisheries but these appear to have failed as they were not
economically viable (McCafferty et al., 2012).

Based on an assessment of 425 dams, Britz et al. (2015) estimated the fisheries potential at about 15 000
tonnes annually. Of these dams, only 52 are large enough to yield more than 100 tonnes of fish per year.
Most of the potential is found in the warmer areas of the country such as Limpopo, Mpumalanga, the
north, and in KwaZulu-Natal.

The authors warn of the consequences for subsistence fishing and the impact on the more valuable
recreational fisheries should commercial operations be developed. Brand et al. (2009) valued
recreational fisheries for yellowfish in the Vaal River at USD 19 million (ZAR 133 million) per season
whereas Du Preez and Lee (cited in Britz et al., 2015) showed that trout fishing generated USD 1.8
million (ZAR 13.5 million) (and employed 85 people in Rhodes Village in the Eastern Cape with a
population of 600 people, of which only 15 percent were formally employed. The average expenditure
was USD 690 (ZAR 5 052) per angler per trip.
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Lesotho

Lesotho is a small, landlocked mountainous country in which there are three main rivers: the Senqu,
the Makhaleng and the Mohokare (all part of the Orange River basin). The total river length is 2 160
km with a drainage area of 31 000 km? (FAO Fisheries country profile). All rivers are highland streams
without any floodplains (Vanden Bossche and Bernacsek, 1990). There are several hydropower dams
of which the Katse dam (36 km?) is the largest. However, construction of several new dams for
hydroelectric purposes is ongoing. The area of surface waterbodies is estimated to be 80 km? (FAO
Fisheries country profile 2008).

Lesotho has reported inland fisheries catches every year since 2000, however data for 2015 have been
estimated by FAO at 52 tonnes (repeating the data for 2014). Common carp dominates catches with 27
percent of the catches, followed by Northern African Catfish (19 percent). The remaining landings are
not identified and are reported as “not elsewhere included” (nei) (FAO FishStat]). There is little
monitoring of catches from rivers and reservoirs, with the gillnet fishery in Katse dam being the
exception. This fishery yields an annual catch of 14 to 20 tonnes and is used to produce the estimate of
national catches that are reported to FAO (FAO Fisheries country profile 2008).
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Maar (cited in Vanden Bossche and Bernacsek, 1990) estimated a potential yield of 120 tonnes from
riverine fisheries alone. Tilquin and Lechela (1995) made an inventory of lowland reservoirs and
estimated about 400 functional reservoirs in the country all of them being smaller than 100 ha and with
a total area of 430 ha. Only four of them with an area of 147 ha would be able to sustain an extensive
gillnet fishery with a fisheries potential between 1.5 and 10 tonnes. Several hydropower dams have
been constructed since the survey and the current potential may be somewhat higher than these earlier
estimates.

In Lesotho, fishing is mostly for subsistence, only 15 percent of the estimated 150 fishers (2007) are
full-time fishers. The fishery is directed towards both indigenous and exotic species. Lesotho has nine
indigenous fish species among which smallmouth yellowfish (Barbus aeneus), largemouth yellowfish
(B. kimberleyensis), Orange River labeo or mudfish (Labeo capensis), mud mullet or moggel (L.
umbratus) and Northern African catfish potentially could be commercially exploited. However, an
additional eight species have been introduced for fish farming and to enhance capture and recreational
fisheries, including rainbow trout (Oncorhynchus mykiss), brown trout (Salmo trutta), common carp
(Cyprinus carpio), largemouth bass (Micropterus salmoides) and bluegill sunfish (Lepomis
macrochirus) (FAO Fisheries country profile 2008).

Some sportfishing for rainbow trout and yellowfish takes place in mountain streams mainly by tourists
from South Africa (FAO Fisheries country profile 2008).

Fisheries are strongly affected by the erratic precipitation pattern (Vanden Bossche and Bernacsek,
1990).
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The Kingdom of Eswatini

The Kingdom of Eswatini has three significant river basins: the Nkomati, Mbuluzi and Usuthu. There
are no natural lakes, swamps or floodplains, and the total surface water area is 160 km2, mainly dams
constructed for hydropower and irrigation purposes including the Hendrick Van Eck (0.4 km?), the
Luphohlo (8 km?), the Maguga, the Mkimkomo, the Mjoli (84 km?) and the Sand River dams (7.1 km?).
The Jozini dam, in the south of the country, is shared with South Africa, however, more than 98 percent
of it is in South Africa (Breuil and Grima, 2014). Smaller dams for storing water for domestic uses and
livestock are found throughout the country, but are mostly concentrated in the driest area (Lowveld)
(Vanden Bossche and Bernacsek, 1990; Breuil and Grima, 2014).

The Kingdom of Eswatini has only reported fish landings to FAO on three occasions since 1950, the
last time in 1988 with 90 tonnes. Since then, FAO has estimated the captures and the current estimate
is 65 tonnes for 2015. The composition of the catches is not indicated as everything is recorded as nei
(FishStatJ).

Vanden Bossche and Bernacsek (1990) estimated the potential yield to 215 to 280 tonnes per year for
the major dams (mostly Mjoli reservoir).

A fish and fisheries survey conducted by the Fisheries Administration in 2002/2003 identified
approximately 60 species of fish throughout the country. The main fish species that are exploited are
tilapias (O. mossambicus and Coptodon rendalli) and Northern African catfish. Species targeted for
sport fishing include the largemouth bass (Micropterus salmoides), rainbow trout and tiger fish
(Hydrocynus vittatus). Smaller dams are often stocked with tilapias for food security at the local level
(Breuil and Grima, 2014).
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2.1.9 AFRICAN ISLANDS
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Of the African islands (Madagascar, Cabo Verde, Comoros), only Madgascar has a substantive inland
fishery. Madagascar has hundreds of small and medium-sized lakes. Many are associated with the
floodplains of westward flowing rivers. There are also many small mountain and crater lakes. Totalling
the lakes, reservoirs and coastal lagoons, there are some 530 lacustrine waterbodies with surface areas
over 0.20 km? in Madagascar. The largest lakes are: the Alaotra, the Kinkony, the Ihotry, the Itasy, the
Tsimanampetsotsa, the Komanaomby, the Bemamba, the Hima, the Mandrozo, and the Amparihibe-
South.

There are also coastal lagoons. The inland fisheries exploit various streams and lakes and are aimed
mainly at local consumption. The total annual yield in the 1983 to 1997 period was 40 000 to 45 000
tonnes.

The potential yield estimated was 77 000 tonnes. Current reported catch is limited to 25 940 tonnes
(2015). Some "amateur" fishing is carried out on the lakes. The main species targeted are the tilapias,
carps, black bass and fibata (Channa striata) (introduced from Asia in the mid-1970s). The inland fish
catch is dominated by tilapia (Table 2-2).
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This level of inland fish production contributes about 1 kg per year to the diet and potentially more to
specific segments of the population that are more dependent upon the inland resource.

Table 2-2: Inland fish production by species and year in Madagascar

Species/years 2000 2001 2002 2003 2004 2005 2006
Cichlids nei 21500 21500 21500 21500 21500 21500 22 000
Common carp 2 480 2350 2400 2500 2500 2500 2500
Cyprinids nei 4000 4000 4000 4000 4000 4000 4100
Freshwater fishes nei 4 500 4500 4500 4 500 4500 4500 4500
Nile crocodile 6 606 9408 6 936 7300 4760 4 850 4 850
Rainbow trout <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Tilapias nei <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Source: FAO country profile citing Ministry of Fisheries, Madagascar
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South Asia 2 591 358 3444 752 114 65| 2820694 | 4424796
Southeast Asia 2427041 6 237 389 10.7 11.8 | 24059879 | 1303853
China 2 281 065 2739 833 19.9 1.67 755 622 475 000
West Asia 148 571 384 387 0.7 0.7 19 680 0
Central Asia 90 441 395 229 0.4 0.7 11 201 0
East Asia 47 201 563 84 0.2 1.1 84 723 0
TOTAL 5304 612 23.4 27 751799 | 6203 649
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2.21 SOUTHEAST ASIA
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Continental
Myanmar 863 450 53 259 000 24.46 7.53 1157(i) 746
Cambodia 487 905 15 135 000 34.89 4.25 472(i) 1035
Thailand 196 600 67 011 000 3.14 1.76 427(i) 460
Viet Nam 150 100 91 680 000 2.15 131 848 177
Lao PDR 62 636 6 770 000 5.93 0.55 334(i) 188
Malaysia 5924 29 717 000 0.2 0.05 5661 10
Archipelagic
Indonesia 457 060 | 249 866 000 1.65 3.99 1973 232
Philippines 203 366 98 394 000 2.04 1.77 444 448
Timor Leste - 1133 000 - 0 -
Brunei Darussalam - - - - - -
Singapore - - - - - -

Note: i = FAO Aquastat estimate http://www.fao.org/nr/water/aquastat/data/query/index.html

The Southeast Asian region consists of two principal areas, continental and archipelagic. The
continental part of Southeast Asia comprises Cambodia, Lao People’s Democratic Republic, Myanmar,
Singapore, Thailand, Viet Nam and Peninsular Malaysia. Its major river basins include the Mekong,
Salween and Irrawaddy, Chao Phraya, Red River. The region has extensive river systems linked to these
rivers and their deltas and floodplains are hugely productive. There are a number of major lakes (Tonle
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Sap, Songkhla Talay Sap, Hue Lagoon, Inle Lake), but more significantly, a huge number of small
floodplain waterbodies and large and small irrigation reservoirs.

The archipelagic areas of Southeast Asia comprise the large and small islands of Borneo (Brunei
Darussalam, Sabah Malaysia, Sarawak Malaysia, Kalimantan Indonesia), the archipelagos of the
Philippines, Indonesia and Timor-Leste. The significant river basins include Kapuas, Mahakam, Batang
Kuantan, Batang Hari, Bengawan Solo. There are some large lakes (e.g. Laguna de Bay, Taal, Toba as
well as Lanao) and large wetlands/peatlands of Sumatra, Java and Kalimantan.

There are 63 taxa reported for the Southeast Asian region, some of which are groupings of species. The
majority of the reported catch consists of finfish, with small amounts of crustaceans (1.7 percent) and
molluscs (2.8 percent). This does not reveal the actual picture of exploitation of aquatic resources.
Where detailed field studies have taken place, a very wide range of species are caught and consumed
or otherwise utilized. A significant part of this catch comprises fish and other aquatic organisms that
are not reported organisms and hence their contribution to diets is considerably higher than reports
would suggest (Meusch et al.; 2003, Halwart, 2006; Halwart et al.; 2006; Hortle, 2007). A few countries
report their catches at the family level. A substantial proportion of the reported production is “freshwater
fishes nei”.

Per capita consumption is high in this region, with Cambodia being the highest, where detailed analysis
by Hortle (2007) shows that annual consumption patterns vary between provinces, from 105.2 kg per
capita in riparian provinces to 43.4 kg per capita in those that are less dependent on the river.

This region is also characterized by considerable efforts being made to enhance fisheries in waterbodies
(mainly man-made, but some natural lakes as well) through stocking activities, either on a repeated or
occasional basis.

The Southeast Asian subregion represents 25 percent of total reported global inland capture fishery
production, however the country details reveal varying degree of overestimation or underestimation.
The trend is highly driven by the reported catch of Myanmar.
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Cambodia

Fishery resources based around the Mekong River, its tributaries and associated floodplains are
considerable. The massive Tonle Sap is another major inland fishery resource. Productivity as a function
of renewable surface water is high (1 070 tonnes/km3/yr). Most of this productivity is natural, reflecting
the massive productivity of the Mekong River system. There are minimal stocking activities in large
waterbodies.

Inland fisheries have been central to Cambodian culture since ancient times. Cambodia's inland fisheries
are among the largest and most significant in the world, based on hundreds of species that are caught
using at least 150 kinds of gear. Millions of Cambodians work full- or part-time in fisheries-related
activities. Fish are crucial for nutrition and food security because they provide Cambodian people with
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up to 80 percent of their animal protein. Fish consumption figures are amongst the highest in the world
and largely derived from inland fish (Hortle, Lieng and Valbo-Jorgensen, 2004).

The rapid increase in inland fishery production reported in the late 1990s was largely a result of a
revision to the statistical reporting to include floodplain fisheries (Hortle, 2007; Lymer and Funge-
Smith, 2009). Cambodia itself has declared its statistics not to be retroactively compatible before this
date (Welcomme, 2011).

There has been a subsequent general trend of increasing catch, rising from the original estimates of 375
tonnes to 425 000 tonnes to the reported level of 487 420 tonnes (FishStatJ, 2015). The statistics are not
disaggregated by species or family, although FAO estimates crustacean production (principally
freshwater prawn) at 575 tonnes.

Estimates of total production through the use of household surveys indicate that in 2009 the reported
inland fishery production of 390 000 tonnes was lower than the production inferred from of the
household survey model, which was 575 901 tonnes (Fluet-Chouinard, Funge-Smith and Mclntyre,
2018). This latter figure is equivalent to an inland fish consumption figure of 40.9kg/capita/yr.
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Thailand

Thailand has considerable inland water resources in the form of several large river basins (Mekong
River and its several tributaries, Chao Praya River basin, Ta Chin River basin). Other significant inland
water resources include Songkhla Lake basin, swamps and wetlands and a huge rice growing area.
Inland capture fishery production increased rapidly between 1986 and 1996 rising from about 100 000
tonnes to over 200 000 tonnes. It has fluctuated between 200 000 tonnes and 230 000 tonnes up to the
present level of 196 600 tonnes (2015). Data is reported for eight species and a number of groups.
Production is dominated by unspecified freshwater fish (93 100 tonnes in 2015), which comprises 47.4
percent of the reported catch. Climbing perch, tilapia, silver barb, striped snakehead and clariid catfish
are the major identified species. Production is derived from extensive floodplains and a number of large
waterbodies. Thailand stocks its large-sized and medium-sized reservoirs and much of the reported
catch is attributed to production from these waterbodies. With an area of over 330 000 ha and
productivities ranging from 7 to >50kg/ha (De Silva and Funge-Smith, 2005) this more than accounts
for the reported national production figure.

The floodplain and wetland fisheries (including ricefields and associated waterways) are notoriously
hard to estimate, but there are indications that production from these may be considerably higher than
the total production reported. The Mekong River Commission (MRC) estimated the inland capture
production from the Mekong basin part of Thailand was over 900 000 tonnes (including aquaculture)
(Hortle, 2007) and Lymer et al. (2008) estimated the national inland fishery catch to be about 1 060 000
tonnes (2003). The estimate derived from the household survey model Fluet-Chouinard, Funge-Smith
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and Mclntyre (2018) is more conservative at 570 877 tonnes (2011), but still considerably higher (254
percent) than the reported figure of 224 708 tonnes for the same year.

Clearly, there is value in establishing a better baseline of inland fishery production that accounts for
hidden production from wetlands and floodplains outside of large waterbodies. Care needs to be taken
to disaggregate and correctly attribute the substantial amount of freshwater aquaculture production that
takes place in all sizes of waterbodies throughout the country. Productivity from renewable surface
waters is much lower (427 tonnes/km3/yr) than that of Myanmar and Cambodia, but would be
significantly higher (more than 2.6 times) and completely in line with these countries, if unreported
catches were included.
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Viet Nam

Viet Nam with its narrow profile has few major rivers (the Red River), but does contain the massive
Mekong delta. Much of its water resources originate outside of the country and flow through the country
to the sea. It has a few lakes and some large reservoirs. The overall trend in inland fishery production
in Viet Nam has risen steadily since 1999 to over 240 000 tonnes in 2001.There is probably little to be
inferred from the statistical trends and reported production has been relatively consistent about 200 000
tonnes since 2003. There is no species detail in the reported production. In 2009 the reported catch was
144 800 tonnes, although alternative estimates for the Mekong delta area alone indicate the inland
capture fishery production might be closer to 852 000 tonnes (Hortle, 2007). The reported statistics may
be covering only part of the inland fishery (Coates, 2002) and significant other sources of production at
household level may be unrecorded. If inland capture production is underestimated then re-evaluation
of the actual baseline is warranted.

There are other freshwater resources in Viet Nam outside of the Mekong delta (such as Lake Ho-Tay
and Lake Ba Be reservoirs and 1 967 reservoirs with a storage capacity of at least 0.2 km?, as well as
Hue Lagoon and northern upland ricefields) that also have inland fishing activity. Although it has
relatively limited surface water in the form of natural lakes and reservoirs, the renewable freshwater
resources of Viet Nam (848 km?/yr) are nearly double that of Thailand but largely generated outside the
country and seasonal.
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Lao People’s Democratic Republic

Lao PDR sits almost entirely within the Mekong basin, and has a large number of tributary rivers, and
wetlands and a few reservoirs. Lao PDR is a mountainous, land-locked country with an area is 236 800
km? of which 88 percent drains into the Mekong River, contributing about 35 percent of the Mekong
River’s discharge. The rest of the country in the northeastern area drains into Viet Nam. The people of
Lao PDR, especially in the rural communities are highly dependent upon the country’s fish and other
aquatic animals as their most reliable sources of animal protein intake. MRC estimates that the actual
fish consumption per capita of inland fish is 24.5 kg/capita/year and that of other aquatic animals
account is a further 4.1 kg. There are more than 481 fish species (including 22 exotic species). These
consumption figures are considered underestimates by Phonvisay (2013).

Inland capture fishery production in Lao PDR has increased steadily since 2003, but this data has
principally been FAO estimates interpolated from occasional official reports. The current estimate of
42 200 tonnes is substantially lower than the estimate of 208 503 that was derived from the MRC fishery
programme valuations (Hortle, 2007). The inland capture fishery productivity as a function of surface
water resources is unusually low (126 tonnes/km?yr) considering the wide dependence upon fishery
resources in the country and the abundance of water resources. However, this must be considered in the
light of the mountainous terrain of Lao PDR and its low population density relative to the rest of the
region. Employment in inland fisheries is high (1 052 000) reflecting the widespread engagement or
Lao rural people in fishing activities on a full-time or part-time basis.

The 2008 production inferred from the household survey is 88 292 tonnes (Fluet-Chouinard, Funge-
Smith and Mclintyre, 2018), is 300 percent higher than the estimated capture fish production reported
for that year (29 000 tonnes) although only half of the MRC estimate (208 503 tonnes according to
Hortle, 2007). One reason the inferred household survey production may still be underestimated, is that
the massive increase in aquaculture production (also estimated by FAO) may in fact be partly
misattributed inland capture fishery production. A more accurate survey and estimate of aquaculture
production together with improved disaggregation of rice field fishery production might assist in
validating the relative contributions of aquaculture and inland fisheries to the Lao diet.
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Myanmar

Myanmar has rich and extensive freshwater and inland fishery resources. The country has renewable
surface water resources amounting to 1 157 km?yr, the highest of the continental Southeast Asian
countries. Myanmar’s largest river is the Ayeyarwady River (Irrawaddy River) which is 2 150 km long.
Although the Ayeyarwady has only half the length and half the basin area of the Mekong the two rivers
have similar annual discharges. Other major rivers are the Chindwin River, a tributary of the
Ayeyarwady River, Salween River and the Sittaung River. It is estimated that Myanmar contains 8.1 to
8.2 million ha of surface water, the bulk of which is associated with the country’s major rivers, estuaries
and lakes (FAO-NACA, 2003). It is also estimated that 1.2 million to 1.3 million ha of Myanmar’s
freshwater resources are located in permanent wetlands, and the remaining almost 7 million ha are
seasonal floodplains (FAO-NACA, 2003; Soe, 2008).
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Prior to 1999, Myanmar’s inland fishery production reported to FAO was relatively low, varying
between 140 000 and 160 000 tonnes. This level of production was questioned by Coates (2002) as
indicative of underestimation of Myanmar’s inland fishery, which has considerable water inland fishery
resources. The large number of concession fisheries throughout these systems were also considered to
be efficient at capturing the large amount of inland fish production generated from these tropical river
systems. It was considered that the production therefore should be comparable with that of the Lower
Mekong Basin fisheries.

The initial dramatic increase in the catches in Myanmar is probably a result of the re-estimation of the
contribution of floodplain fisheries. These fisheries are principally the inn fisheries (large fishing
concessions based on traps that capture floodplain fish during recession of water at the end of the
monsoon season) and the “leasable” fisheries (e.g. fixed bagnet fisheries based in the Ayerwaddy delta.
Some of the increase is also attributed to management measures applied in the inn fisheries such as
enhancement through stocking of nursed fish.

The reported production now exceed that of the Mekong River basin and consistent year by year
increase indicates that these reports are not based on direct measurements of production, but are
estimates. Comparison of reported production in 2006 (631 120 tonnes) with the estimated total
production derived from the household survey model (783 617 tonnes) indicates that the reported
production was still perhaps 19 percent underestimated (Fluet-Chouinard, Funge-Smith and Mclintyre,
2018). This is equivalent to an inland fish consumption of 16 kg/capita/yr.

The reported inland capture fishery production has increased dramatically since the first jump to
196 000 tonnes in 2000. Between 2006 and 2014 this has doubled to reach 1.38 million tonnes, making
Myanmar’s inland fishery production second only to that of China. The reliability of these statistics has
been questioned (FAO, 2016; Soe et al., 2017) and the most recent figures for inland catch have been
revised retrospectively. The 2015 inland catch is now 863 450 tonnes, which gives a similar per capita
inland fish availability (16.4 kg/capita/yr) to the 2006 figure.

The fish productivity as a function of renewable surface water (1 194 tonnes/km?®/yr) is the highest in
the region exceeding that of Cambodia. This is perhaps another indication that estimates of production
are reaching an upper limit.

As Myanmar now represents more than 46 percent of the total production of Southeast Asia, it seems
desireable to attempt to derive another validation of the likely inland capture fishery production of
Myanmar through a household survey, targeted consumption surveys and dedicated inland fishery
survey.
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Malaysia

The inland fisheries of Peninsular Malaysia are concentrated in major rivers, although occasional
fishing takes place around most small rivers and waterbodies. Peninsular Malaysia has no major natural
lakes, but does have large reservoirs. The inland capture fisheries of Sabah (on Borneo/Malaysia Timur)
are largely conducted in rivers as there are few lakes, reservoirs and flood plains. The major river in
Sabah is the Kinabatangan River with a length of more than 560 km.

The total reported production for Malaysia (Peninsular and Borneo) in 2015 was 5 924 tonnes. There
has been a rising trend in reported production since the early 1990s. The annual fish production from
lakes and reservoirs in Malaysia in 2006 was estimated to be 3 950 metric tonnes (Ambak and Jalal,
2006). The official report to FAO in the same year was 4 165 tonnes indicating that river and floodplain
fisheries provided the rest of the production (~6 percent).

In Sabah, reported catches dropped from earlier levels of about 1 200 tonnes to less than 100 tonnes by
1999, which was attributed to environmental degradation and destructive fishing (Wong, 2003). Coates
(2002) considers the fishery production for Sabah and Sarawak to be considerably under-reported.
Although, the low population densities in the internal areas are likely to result in lower fishing effort
and production than that seen in other Southeast Asian countries, the current figure of less than 100
tonnes does appear to be too low.

The fishery productivity as a function of renewable surface water is the lowest in the region (1
tonne/km®/yr). This is a function of the very low inland fishery production as well as the fact that
Malaysia has the greatest quantity of renewable surface waters in Southeast Asia. Reports generally
indicate that impacts on water quality as a result of agricultural plantation runoff, deforestation and
mining have variously had a serious impact on inland fisheries productivity (Khoo et al., 1987).
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Philippines

The archipelago of the Philippines has few major river basins and floodplains (Mindanao River, Agusan
River) reflecting the geography of the country. The inland fisheries are predominantly located in lakes
(de Bay, Lake Taal, Lanala, Lake Mainit) and reservoirs. Despite this, the fishery productivity of the
renewable surface waters (481 tonnes/km?/yr) is double that of Indonesia and comparable to that of
Thailand.

The trend in inland fishery production is marked by a massive peak (369 254 tonnes) in 1983. This was
entirely driven by increasing production of freshwater molluscs nei. In the Philippines CountryStat data
these are identified as clams (kabibi), Manila clam (tulya), oysters (talaba), snails (suso and kuhol) and
other molluscs. The overwhelming majority of production is the black river snail (suso), which is found
in large quantities in paddy systems. The reported production declined after this point to its lowest of
131 098 tonnes in 2002, attributed to overfishing and environmental degradation (pollution, siltation)
(Neiland and Béné, 2008) and under-reporting (De La Cruz, 1998). However, the entire decline in the
production is because of the decline in the production of freshwater molluscs nei. Inland fishery
production started to increase in 2003 to reach 179 491 tonnes in 2014. Of this amount, 59 428 tonnes

70



of the total production (30 percent) are freshwater molluscs nei (principally freshwater black river
snails, and another 54 180 tonnes (30 percent) are tilapia.

The reason for the increase in production may be attributed to better environmental management of
large waterbodies or possibly improved statistical monitoring after 2002. It is important to note that
some of the species reported are brackishwater species and this is partly because of the Philippine’s
delineation of inland fisheries, which can include some brackishwater areas, especially lagoons, river
mouths and bays.
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Indonesia

Indonesia has considerable inland fishery resources in the form of some large river basins particularly
in Kalimantan (Mahakam, Kapuas), as well as smaller rivers volcanic lakes, smaller waterbodies and
ricefield systems (in Sumatra, Java and Sulawesi).

The inland capture fishery production of Indonesia rose gradually between 1974 (252 740 tonnes) and
1994 (336 141 tonnes) and then fluctuated between 288 66 and 318 334 tonnes until 2009. More
recently the production has increased sharply (>50 percent within five years) reaching 420 190 tonnes
in 2014. The reason for this is unclear and may be a result of more recent re-estimation or considerable
increase in fishing effort or enhancement.

The reported inland fishery catch for Indonesia of 368 578 tonnes in 2011 is higher than the estimate
derived from the household survey model for the same year (236 934 tonnes). Overall, the inland
capture fishery production as a function of the renewable surface water resource is quite low (213
tonnes/kmd/yr).
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India 1346 104 | 1252 140 000 0.98 11.74 1869 720
Bangladesh 1023991 156 595 000 6.14 8.93 1206 849
Pakistan 132 456 182 143 000 0.68 1.15 239 554
Sri Lanka 67 300 21 273 000 3.15 0.59 52 1294
Nepal 21500 27 797 000 0.77 0.19 n.a.
Bhutan 7 754 000 0 0.00 78 0
India

There are 14 major and 44 medium sized river systems in India, along with innumerable smaller
systems. Their combined length is about 195 210 km (FAO, 2006). Their basins contain floodplain
lakes and wetlands, which are known variously as mauns, chaurs, jheels and beels. The total estimated
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area of natural wetlands is 5.31 million hectares and man-made wetlands add another 2.27 million
hectares to this figure. This is a total area of 75 800 km? (Bassi et al., 2014). These wetlands are arguably
the most important environments for fish production, with river fisheries contributing relatively little to
the total inland fishery production of India. Inland fish production in India (fish, crustaceans and
molluscs) was 1 346 104 tonnes in 2015 (FAO estimated), and has shown a general increasing trend
over the past 20 years from a 1995 production of 608 378 tonnes (FAO, 2017). There have been
occasional (four) major increases and decreases during this period, and these are attributed to revision
of catch statistics or the underlying assumptions on which they are based (see Lymer and Funge-Smith,
2009, for more discussion). This production is equivalent to just over 1 kg/capita/year contribution,
however if vegetarian Indians (44 percent) are excluded, it is equivalent to 1.8 kg/capita/year. Although
this contribution may appear modest, it should be understood in the context of the massive rural
populations of India and the quality of their diets, which do not have considerable amounts of animal
protein. Many of the Indian states are landlocked, thus although they are part of a single country, they
are remote from the sea and marine sourced products are either hard to access or too expensive to
purchase for the majority of their rural populations (Uttar Pradesh, Bihar, Jharkhand, Assam, Arunachal,
Chattisgarh, Rajasthan, Madhya Pradesh, Punjab, Chandigargh, Meghalaya, Manipur, Mizoram). There
are also states that have access to freshwater resources as well as marine fisheries, where inland fisheries
are still important, e.g. Andhra Pradesh, Gujarat, Karnataka, Orissa, West Bengal, Tamil Nadu,
Maharastra and Kerala.

There has been increasing attention in recent years to the prospects of enhancing the productivity of
reservoir fisheries through stocking, recommended as early as 1995 (Sugunan, 1995). However, as a
crude estimate, current productivity of all inland waters (annual production divided by the area of lakes
and inland water wetlands) is 177 kg/ha/year, which is relatively productive (see discussion in van
Zweiten et al., 2011). The total production as a function of renewable surface water is 720
tonnes/km3/yr, which is comparable with that of Bangladesh.
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Bangladesh

Bangladesh is situated in the giant delta formed by the outlet of the combined rivers Ganges
Brahmaputra and Meghna and wetlands of many different types are a dominant feature of the
geography. Rahman (1989) mentions 10 300 km? of rivers, canals and estuaries, 1 142 km? natural
depressions (beels and haors), 1 619 km? of ponds and tanks, 55 km? of oxbow lakes, Kaptai Lake (the
Karnafuli reservoir) with 688 km?, 28 000 km? floodplains and 873 km? of brackishwater farms.
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Bangladesh is one of the world’s largest producers of inland fish and has reported its inland catches
almost without exception since 1950. The country has been experiencing increasing catches since 2012,
with the highest catch on record in 2009 (FishStatJ). In 2015, the landed volume was 1 023 991 tonnes
corresponding to 63 percent of combined inland and marine catches and roughly 50 percent of
aquaculture production. Of the total landings, 51 717 tonnes were crustaceans and 135 396 hilsa shad
(13 percent), the rest is reported as nei (FishStatJ). However, according to FRSS (2017), about 11
percent are Indian major carps, 7 percent snakeheads, 7 percent sheatfish, 5 percent small catfishes and
4 percent exotic carps (mostly common carp).

The estimated total production derived from the household survey model (1 925 040 tonnes in 2009) is
substantially higher than the production reported for that year (1 119 094 tonnes) (Fluet-Chouinard,
Funge-Smith and Mclntyre, 2018). This may indicate that statistics are underestimated, however it is
also possible that there is confusion about the production from culture-based aquaculture and true inland
fisheries, as the species are often the same. No matter what figure is correct, the country has the highest
per capita fish consumption in the reigon and fish is an important contributor to the Bangladeshi diet.

About 71 percent of the inland fishery landings come from floodplains, 17 percent from rivers, 9 percent
from beels, 2 percent from the Sundarbans, and 1 percent from Kaptai Lake and baors (FRSS, 2017).
Comparing statistics from 2012-2013 with 2015-2016 the production from all environments has
increased (river fisheries by 21 percent, Sundarbans (6 percent), beels (9 percent), Kaptai Lake (6
percent), floodplains (7 percent) and baors (26 percent) (FRSS, 2014 and FRSS, 2017).

The recent increase in catches to a large extent is because of improved catches of hilsa, which are up 6
percent since 2014 and more than a doubling of the inland catch since the low point at the beginning of
the 2000s. This could be the result of improved management practices of the hilsa fisheries. Since 2003,
the Bangladeshi Government, in attempt to arrest declining catches, has put several protection and
conservation measures in place, including the closure of some areas to fishing, restrictions on fishing
gear, a closed season and regulations for fishing vessels. Fishers are given incentives during the closed
season in the form of food and alternative income generation (Islam, Mohammed and Ali, 2016). Hilsa
is an anadromous species and roughly two-thirds of the hilsa are caught in the sea. The management
measures put in place seem to have had a positive impact on marine hilsa catches almost immediately,
as they have shown a constant increase since 2003 until they reached a peak in 2014, after which there
was a 2 percent decline in 2015. However, the disruption of longitudinal connectivity after the
construction of barrages is also thought to have affected the species negatively.

Among other species, the Indian major carps are doing better in all environments (apart from Kaptai
Lake where there appears to be a problem with reporting at the species level as all species except
“others” are in decline) (FRSS, 2017). Since the major carps are migratory this could be an indication
of improved lateral connectivity, however, since the introduced Chinese carps are also doing well in
most environments it is probably a result of the government’s open water stocking programmes.

There are concerns regarding the conservation status of some of the small indigenous barbs (Puntius
spp.) (Mian et al., 2013), but this is not reflected in the catch statistics except in rivers where the species
has almost disappeared. The reason for this is likely an issue of identification and particularly the
lumping of indigenous and introduced barbs in the statistics. Catches of the migratory Pangasius
catfishes are also improving, but it is not clear if this is the indigenous Pangasius pangasius species or
the introduced Pangasianodon hypophthalmus.

For other species it is more difficult to interpret the trends, especially since there are no species level
detail in reports to FAO. Already in 1985 more than 8 100 km? of floodplain was lost, and another
20 000 km? was predicted to disappear by 2005 (MPO cited by Parveen and Faisal, 2003). Between
2003 and 2014 Bangladesh lost 1 600 km? of fish habitat as a result of flood control, water drainage and
construction of dams and barrages etc. and at the same time 3 500 km? of waterbodies was allocated to
culture-based fisheries as part of a national policy to increase availability of fish (Shamsuzzaman et al.,
2017). Although this, in some cases, has the potential to increase fish production, there are serious
concerns regarding the distribution of benefits (Valbo-Jorgensen and Thompson, 2007).
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Loss of lateral and longitudinal connectivity as well as pollution with chemicals, pesticides and
fertilizers are other threats to inland fisheries (Ministry of Fisheries and Livestock, 1998; Parveen and
Faisal, 2003). Although it is possible that the government has succeeded in reversing these trends, there
are other possibilities including rainfall and flooding patterns that may have contributed to this.
However, the number of years with an increase is too short, and the species level information not
sufficient to make conclusions at this stage. Further, the sampling frame used for the collection of
statistics has not been redefined since 1985, which may lead to inaccuracies in the production estimates
(FRSS, 2017).

About 1.2 million people are engaged full time and another 10.2 million are engaged part time in the
fisheries sector for their livelihoods (Ministry of Fisheries and Livestock, 1998). This represents about
10 percent of the total labour force active in the sector, and an estimated three-quarters of the population
(90 million people) engage in fishing activities occasionally (Shankar, Halls and Barr, 2004). Most of
these people appear to depend on inland fisheries resources, as 60 to 70 million people own less than
0.2 ha of land and live in floodplains (Shankar, Halls and Barr, 2004).
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Pakistan

Freshwater capture fisheries are dominated by the Indus River basin, which has a total area of 1.2
million km? (Qamer et al., 2009) with a 9 700 km? floodplain. The fish fauna of the Indus system in its
northern part is cold-water type, whereas the greater middle and southern parts of the system are warm-
water fisheries zones. In the Sindh Province alone there are more than 100 natural lakes of different
sizes covering an area of about 1 000 km?. Among them, Lakes Halijee (18 km?), Kinjhar (120 km?)
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and Manchar (160 km?) are quite important for fish production. Apart from these big lakes, a cluster of
small lakes called Bakar Lake extends over 400 km?. The natural lakes in Punjab cover about 70 km?,

Six large reservoirs have been created in the past four decades through the construction of dams and
barrages across rivers, which provide about 2 500 km? for fish production. The largest reservoir is the
400 km? Chashma on the Indus itself, the other large reservoirs are the Tarbela and Mangla (respectively
271 km? and 267 km?). In addition, there are several smaller reservoirs and the irrigation system of
Pakistan is one of the largest in the world, serving 144 000 km? of irrigated land with 58 500 km main
canals and 1.6 million km? ditches (Akhtar, 2003; FAO, 2009).

Pakistan reported landings of 132 456 tonnes from inland fisheries in 2015 and has experienced
continuous growth since 2003. The maximum reported catch was reached in 1999 with 179 865 tonnes.
The large artificial waterbodies remain the major source of fish production and about 25 percent comes
from the six major reservoirs. Catches from natural lakes are generally of secondary importance.
Coldwater streams and rivers have low production, although they may be important for local subsistence
fishing and have considerable potential for recreational fisheries (Akhtar, 1995; Akhtar, 2003).

Pakistan has never reported any species detail regarding fish landings, with everything reported as nei
(FishStatJ). Akhtar (2003) mentions that there are about 30 commercial species including Indian major
carps, snakeheads, catfishes, sheatfish, featherback and others as well as exotic species including
tilapias, Chinese carps, common carp and trouts. Hilsa used to be an important species, however, the
construction of barrages has prevented it from reaching its spawning sites in the Indus (George, 1992).
A similar situation has occurred with the large Mahseer (Akhtar, 2003).

Fisheries authorities are poorly equipped to manage fisheries. Fishing rights are traditionally auctioned
and although certain management measures are in place, there is little enforcement of the management
and information related to catches is poor (Akhtar, 2003). Short leases leave little incentive to apply
good management practices, and although stocking is sometimes undertaken it is carried out without a
scientific basis or a stocking protocol and without adequate monitoring or follow-up, and this has
frequently led to failures (George, 1992; Akhtar, 2003).

At present, riverine fishery resources are considered harvested close to their potential (Akhtar, 1995).
However, flow regulations and deforestation have led to habitat degradation and pollution with
pesticides is a serious issue (Akhtar, 1995; Schmidt, 2014) as well as discharge of raw sewage near
Karachi, and wetlands are lost because of land reclamation (Schmidt, 2014). Although reservoirs and
irrigation infrastructure have considerable fisheries potential, fishers are not considered to be important
user group and therefore they are not managed to benefit fishers (Akhtar, 2003; Schmidt, 2014).

The Pakistanis in general are not big consumers of fish, but fish does provide an important food
component in some areas. Poor handling practices and inadequate infrastructure are responsible for
post-harvest losses of 20 percent from river fisheries (Akhtar, 2003). In 2014, there were an estimated
211 609 inland fishers (some of these working only part time). This means that more than 50 percent
of all fishers in the country are employed in inland fisheries (FAO, 2017).
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Sri Lanka

Sri Lanka does not have significant renewable surface freshwater resources (52 kmd/yr), but has a
historic system of water storage that considerably increases the productive potential of the country
(Table 2-3). There are few large rivers and floodplains. The medium sized Sri-Lankan reservoirs and
small irrigation tanks are highly productive, with catches sometimes well above 200 kg/ha/yr (Kolding
and van Zwieten, 2006; Pushpalatha and Chandrasoma, 2010; Amarasinghe, 2013), often achieved
through stocking. In seasonal irrigation tanks that drain or dry out completely on an annual basis,
restocking is practiced (culture-based fisheries) and this is currently being promoted under government
and community-based programmes (Amarasinghe, 2013).

Table 2-3: Type and area of Sri Lankan inland waterbodies

Type of waterbody Area (ha)
Large reservoirs 70 850
Medium reservoirs 17 004
Minor reservoirs 39271
Seasonal tanks 100 000
Flood lakes and villus 4 049
Upland reservoirs 8 097
Mahaweli reservoirs 22 670
Total 261941

Reported production in 2015 was 67 300 tonnes declining slightly from 2014, but overall there has been
a rapid rise in production from 25 570 tonnes in 1991 until the present. Tilapia comprises 60 percent of
the production. In 2006-07, FAO recorded inland fish production of 35 290 tonnes, but the consumption
survey model indicates this could have been as much as 42 986 tonnes (Fluet-Chouinard, Funge-Smith
and Mclntyre, 2018) suggesting about 22 percent underestimation.

The inland capture fishery production as a function of the renewable surface water resource is the
highest in the South Asian subregion (1 457 tonnes/km®/yr) and highest overall in Asia, surpassing
Myanmar and Cambodia. This is a clear indication of the efficiency of inland fish production from Sri
Lanka’s inland reservoirs and small irrigation tanks. It is also an indication of how well tilapia is suited
to medium and small reservoirs and irrigation tank systems.
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Nepal

Nepal has approximately 17 percent of flat land located in the southern end of the country commonly
known as terai, and in the northern part, 83 percent is occupied by hills and mountains. The climate
ranges from sub-tropical (<1 000 metres above sea level to alpine/arctic at high altitude (>5 000 metres
above sea level). Nepal possesses a large number of rivers fed with perennial supplies of water from
melting snow from the Himalayas. It also has a considerable amount of smaller lakes as well as a large
number of reservoirs.

Inland capture fisheries in Nepal are exclusively small scale, with fishers using traditional gear mainly
for subsistence fishing. Fishing also takes place in irrigated paddy fields and marginal swamp areas,
(410 000 ha). There are approximately 1 500 ha of man-made reservoirs. The planned construction of
hydro-electric plants and irrigation projects is likely to increase the number of waterbodies in the future.

According to official statistics, 11 320 tonnes of fish were produced from capture fishing in the fiscal
year 1995/96. FAO currently records 21 500 tonnes.

In the early 1990s, there was relatively little fish in the Nepalese diet, but recently the amount of fish
protein in common people’s diets is increasing. This suggests that the fish production, availability,
affordability, purchasing capacity and awareness might have led to the increased consumption. Various
aquatic products other than fish are consumed in different parts of the country. Including pila (Pila
globosa), bivalve (Lammelidens marginelis), crabs, shrimp, frogs (Paa liebigii, Paa blanfordii), turtle,
Makhan (Euryale ferox) (Gurung, 2016).

The household consumption model indicates that the inland fish catch of 42 584 tonnes (2003) is
considerably higher than the reported catch for the same year (18 888 tonnes). This may indicate that
more inland fishery resources are exploited than has been estimated, but it almost certainly also
indicates that there is a degree of unrecorded trade with neighbouring India as the imports recorded in
the model are extremely low (only 4 tonnes). This is a similar situation to Bhutan. The freshwater fish
consumption based on the household consumption survey is 1.7 kg per capita per year. Little exact
information is available on fish trade. However, there is a relatively important activity taking place on
the Indo-Nepalese border, and it appears that considerably more fish is being imported than exported,
transported by trucks and to some extent on public buses. In addition, some imports to Kathmandu are
carried out by airfreight from Calcutta (India).
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Bhutan

The Kingdom of Bhutan has five major river systems from west to east (Amo, Wang, Chang (Sankosh),
Tongsa and Manas) with the total length of rivers and their tributaries estimated to be about 7 200 km.
Bhutan has over 590 natural lakes of various sizes, the majority of them being small and located above
an altitude of 2 200 m. The estimated total area of these lakes is about 4 250 ha. There is one man-made
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reservoir in Bhutan (Chukha) with an area of 150 ha. With current interest in hydropower developments,
more man-made waterbodies are to be expected in the near future (Funge-Smith, 2013). Access to fish
for food in Bhutan has traditionally come from the wild riverine and lake fisheries of the country and
via imports from neighbouring India. The level of production in the country is hard to estimate, since
one of the results of the general ban on fishing in 1974, enacted in 1995 (excluding permitted fishing),
means that illegal catches are undeclared. Capture fishery production currently reported to FAO is 7
tonnes (FishStat) 2015). The lack of knowledge of the true production from freshwaters limits
estimation of the actual national demand, although this has been estimated in previous FAQ reports up
to 150 tonnes (FishStatJ). Fish caught locally may be marketed, but generally the fish in markets will
be imported fish from India. Import of fish is reported at 4 652 tonnes per year and this comprises a
mixture of fresh fish (predominantly Indian major carp and Pangasius hypothalamus) and dried fish
(comprising a mixture of freshwater and marine species) (Department of Revenue and Customs, 2014).

The household survey inferred consumption model indicates that inland capture fishery production in
Bhutan might be as high as 1 772 tonnes, although unrecorded/hidden imports may constitute part of
this figure (Fluet-Chouinard, Funge-Smith and Mclintyre, 2018) as there is trade between Bhutan and
neighbouring India.
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China 2280959 | 1385567000 1.67 19.89 2739 833
Taiwan POC 106 23 330 000 0 0.00 n.a. n.a.
China, Hong Kong
SAR 0 7 204 000 0 0.00 n.a. n.a.
China, Macao SAR 0 566 000 0 0.00 n.a. n.a.

Note: This review does not include the culture-based fisheries and rice-fish production of China, which are
considerable, but which are more correctly accounted for under aquaculture production.

China has rich surface water resources that include over 20 000 rivers with drainage catchments of 100
km? or more. Of these, 228 have drainage basins exceeding 1 000 km? (Ministry of Water Resources
and Power, 2012). The main resources are based on several large river systems, including the Yangtze
River (Chang Jiang), Tarim, Yellow River (Huang He), Pearl River (Xun Jiang) and Bei Jiang/His
Rivers. The Yangtze River and rivers to the south of it carry 82 percent of the total runoff of Chinese
rivers. China also has numerous natural lakes and waterbodies, as well as rice fields. China has more
than 22 104 dams over the height of 15 metres with 85 000 reservoirs of varying size.

Four provinces, namely Jiangsu, Anhui, Jiangxi and Hubei, have the highest catches, accounting for
more than half of the total freshwater catches, followed by catches from Shandong, Hunan, Guangdong,
Guangxi, Hebei, Zhejiang, Fujian, Heilongjiang. The catches from all these provinces account for about
80 percent of the total national freshwater capture production (Zhao, Gozlan and Zhang, 2015).
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These resources are all located in mainland China. Taiwan Province of China reports 100 tonnes of
inland capture production, and China, Macao SAR and China, Hong Kong SAR do not report any inland
capture production.

Under increasing pressures to intensify and increase production from inland waters, China embarked
on a range of interventions in its inland waters, including stock enhancement and repeated stocking and
even fertilization. Starting in the 1950s until at least a decade ago, the impact on inland capture fisheries
and culture-based fisheries of China has massively increased productivity in waterbodies, but at the
same time there were serious declines and impacts on riverine fisheries.

The intensification of fisheries also coincided with China’s development of irrigation and hydropower.
The country’s dams account for about 50 percent of the total number of dams globally (Zhao, Gozlan
and Zhang, 2015). Degradation of inland water resources damming and loss of flow and connectivity
as well as overfishing has impacted all forms of inland fishery (wild capture and culture-based). This is
most severe and potentially permanent in the case of riverine fisheries. The decline of the riverine
catches of all species, but particularly migratory species, is recorded (Zhao, Gozlan and Zhang, 2015).

There has been a history of translocations and introductions of non-native species into waterbodies
throughout the country and this has resulted in their establishment and the consequent decline in
indigenous species in those waterbodies (Kang, Huang, Li, Liu, Guo and Han, 2017; Zheng (cited in
Zhao, Gozlan and Zhang, 2015). Targeting of broodstock fish is also considered a driver in the decline
of a number of species (Yu and Chen cited in Zhao, Gozlan and Zhang, 2015). Fishing effects have
been observed in the form of declining size ranges of commercial fish species.

The trend in inland capture fisheries of China is now one of relative stability after a period of steady
growth from the mid-1970s until it slowed in the late 1990s. Catch has been relatively stable since 2007
at about 2 280 959 tonnes (2015). This does not indicate the gains and losses in individual fisheries and
systems. In 2012, the State Council’s Decisions on Strict Water Resources Management established the
concept of the “Three Red Lines” and this required effort to be directed at improvement of water use
and the restoration of water quality. However, this policy does not explicitly address the restoration of
aquatic ecosystems and associated biodiversity affected by impacts on water. It also does not focus on
the restoration of river flows and the impacts of flow alterations by water management infrastructure
(e.g. dams, reservoirs, polders, river training, flood control measures) (Global Environment Facility,
2014).
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Japan

Inland fisheries are dominated by salmonids and ayu sweetfish, together with eel, pond smelt and carp
species (Katano, Hakoyama and Matsuzaki, 2015). Japanese inland fishery production decreased from
94 282 tonnes in 1996, to a stable, but much lower level (34 2621 tonnes) in 2011. This is attributed to
a combination of factors including disease and invasive species. Enhancement of inland water for
recreational fisheries takes place and there is some indication that the retained recreational capture of
fish accounts for more than 12 000 tonnes (Cooke et al., 2017).

The Hokkaido Island chum salmon marine fishery is the highest volume chum fishery in the world. It
produces over 100 000 tonnes of chum salmon, but relies almost exclusively on hatchery production
for the smolts. This is because of the degradation of riverine spawning environments and loss of
connectivity with approximately 27 percent of the total spawning area of Hokkaido Island inaccessible
from the sea because of damming.
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Republic of Korea

The total area of inland waters is approximately 5 700 km? (National Geographic Information Institute
of the Republic of Korea, cited by Park, 2010). The ten major rivers have a combined length of 3 413
km, the longest river is the Makdong, which is 1 348 km long (Yeong, 1976). The five largest river
basins have a total of 27 484 km of streams (Kwater cited by Yoon et al., 2015). However, almost all
rivers and streams have now been dammed or regulated and the country has over 18 000 reservoirs
(Card, 2009), and in the five major basins there are 33 718 weirs (Yoon et al., 2015).

Republic of Korea has reported on their inland fisheries to FAQ every year since 1950. In 2015 landings
were reported at 9 133 tonnes (FishStatJ). There have been some fluctuations with the minimum in in
2002 being 5 690 tonnes. In the 1980s up to 51 934 tonnes were reported.

The most important species are Japanese corbicula and common carp. However, almost half of the
production is not identified at species or genus level (FishStatJ). Only 103 tonnes of salmonids that
historically were very important were landed in 2015 (FishStatJ; Park and Hong, 2013).

Water pollution, overfishing, habitat destruction and mismanagement of fisheries resources are thought
to have resulted in the decrease in commercial capture fisheries (Park, 2010). Also, water management
practices appear to have had a seriously negative impact on migratory freshwater resources (Card, 2009;
Yoon et al., 2015), and there are now attempts to install fish ladders around many weirs (Yoon et al.,
2015) and the stocking programme of chum salmon is being expanded (Park and Hong, 2013).

Fish and seafood have always been an important part of the Korean diet and although this has mainly
relied on marine products, crucian carp and black bass were introduced in the 1970s to feed the
population (Park, 2010). However, the Korean population never got used to the taste of many of the
introduced species, and it was also realized that several species had negative ecological impacts and
were therefore declared invasive. Enhancement programmes thus turned towards indigenous species
(Park, 2010). Today the demand for freshwater species as food is largely met by aquaculture, whereas
stocked and naturally reproducing fish are mostly targeted by the growing recreational fisheries sector
(Park, 2010; Hart, 2016). There are 30 000 recreational bass fishers in the Republic of Korea (Hart,
2008).
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Demaocratic People’s Republic of Korea

The country’s aquatic ecosystems comprise wetlands around tidal flats including lagoons, river
estuaries, lakes, alpine wetlands, reservoirs and paddies (UNEP, 2003). FAO (2010) mentions a total
of 1 300 km? of waterbodies. The Democratic People’s Republic of Korea (2005) has identified 100
natural lakes and 1 700 reservoirs.

Most of the country’s rivers are short and their basins small. The major river basins are shared with
neighbouring countries and in several cases form a natural border. Most of the rivers rise in the mountain
ranges of the north and east of the country and run west to the Yellow Sea. There are five river basin
groups:

o the Yalu River flows southwest from the Changbai mountain range to the Korea Bay;

e the Tumen River which flows east from the Changbai mountain range to the Sea of Japan;

e the Taedong River basin is internal and is the largest one within the country. The Taedong River
flows west to the Korea Bay near Pyongyang; and

e the east coast and west coast river watersheds comprising many small streams rising in the
northern and eastern mountain ranges (FAO AQUASTAT, 2012).

Reporting by the Democratic People’s Republic of Korea on inland fisheries to FAO has been very
irregular, and FAO has estimated catches since the last report in 2001 when 4 928 tonnes were landed.
Those landings represented a serious decline since the previous reports of 20 000 tonnes/year from 1994
to 1997. In the period 1961 to 1996, FAO has estimated catches of up to 60 000 tonnes (1987). There
is no indication of the composition of the catch in FishStat). However, historically chum salmon was
an important resource during their spawning migration runs (Park and Hong, 2013).

The environmental conditions in the river basins are deteriorating because of pollution from industry
and agriculture (UNEP, 2003).
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*This figure for Iran IR is artificially high as the fish catch includes the Caspian Sea production, which is not included as
renewable surface freshwater.

This region consists of countries that have mainly arid land and low rainfall. There are two important
rivers, the Tigris and Euphrates. This region also includes part of the Caspian Sea. Catches in the West
Asian area are heavily dependent on cyprinids (37.5 percent), with clupeids (Caspian Sea kilka) playing
a secondary role in 2009 at 18.5 percent. In 1998, clupeids contributed 40 percent of the catch versus
32 percent of cyprinids, which provides further witness to the collapse of the Clupeonella stocks over
the last decade.

The Islamic Republic of Iran

There are two main fisheries in Iran, the northern fishery (the Caspian Sea); and the inland fishery.
Gilan and Mazandaran Provinces on the Caspian Sea are at present the most important provinces in the
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country for inland fisheries production. This is largely because of the high rainfall resulting in the
presence of a considerable number of permanent freshwater bodies. There are more than 588 reservoirs,
many rivers (the largest is the Karun), several lagoons and lakes. Sturgeon and semi-migratory fish
enter rivers and lagoons connected with the Caspian Sea, for spawning and feeding. The presence of
marsh-type aquatic vegetation in some lagoons and in the Gorgan River discharge area is of
considerable importance for fish. Gilan Province has about 10 000 ha of inland waters, of which more
than 90 percent is estimated to be available for the inland fishery. Mazandaran has some 13 000 ha, of
which 40 percent is with permanent water, the rest drying out during the summer. River regulation and
intensive fishery have also led to a decline in common carp stocks of the lower reaches of Iranian rivers
and in some lagoons of the Caspian Sea basin (FAO, 1987). This also impacts sturgeon migrations, and
possibly the Caspian trout, which is in serious decline as a result of illegal fishing activities. It has been
demonstrated that the fecundity and size of the Caspian trout at maturity is decreasing possibly as a
result of increasing water temperatures (Niksirat and Abdoli, 2009).

Inland fish catches are largely driven by the catches from the Caspian Sea in the Islamic Republic of
Iran and these peaked in 1999 (146 000 tonnes). They collapsed to less than half by 2003, and have
been recovering since, reaching 88 047 tonnes in 2015. The decline of the Iranian fishery corresponded
to a general decline in the clupeoid group (mostly Clupeonella) in the Caspian Sea fishery.
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Turkey

Turkey's inland resources are varied in terms of water quality, trophic status, altitude, climate,
ecosystem diversity and species diversity. The total area of inland waters is 17 000 km?. Turkey
possesses 6 000 km? of lakes and reservoirs on which 3 149 licensed fishing boats were engaged in
fishing activities in 2009. The Lake of Van, Atatlirk and Keban dam reservoirs are the major fishing
grounds in Eastern Turkey with significant contributions to inland capture fisheries. Most of the inland
capture fisheries catch is landed by cooperatives in Mediterranean, Eastern and Central Anatolia regions
(Rad and Rad, 2012). Productivity (catch per unit area) varies between 9.4 and 27.2 kg/ha depending
on the size of the reservoir (Tufek cited in Rad and Rad, 2012). In 2006, there were 7 670 licensed
fishers working on inland waters (Mitchell, VVanberg and Sipponen, 2010).

A range of issues impact inland fisheries including water quality and water management problems, sand
mining, flood, erosion, pollution, habitat degradation, draining of wetlands, conflicts between water
users, illegal fishing, overfishing and exotic species (Yerli, 2015).

The inland catch of Turkey was 54 500 tonnes in 1999 and has been slowly declining to the current
level of 34 176 tonnes in 2015. There is evidence of the increasing economic importance of aquaculture
and consequent changes in market dynamics for freshwater aquatic products in Turkey, which is leading
to a diminished role for inland capture fisheries (Rad and Rad, 2012).
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Iraq

Irag's inland fishery is based on the Tigris-Euphrates riverine system, which is the main source of inland
fresh water in Irag. This system has extensive lake and marsh resources and floods seasonally. Catches
were fairly stable in Iraq until the southern marshes were drained, but the fishery has apparently
recovered after the partial refilling of the wetlands. The seasonal flooded area is 15 000 to 20 000 km?,
Inland freshwater bodies cover between 600 000 and 700 000 ha, made up of natural lakes (39 percent),
dams and reservoirs (13.3 percent), rivers and their branches (3.7 percent) and marshes (44 percent).
The mean production from these waterbodies for 1981 to 1997 was 18 800 tonnes per year, compared
to an estimated 8 000 tonnes in 2001. Previous estimates of annual sustainable production from inland
waters have been put at 30 000 tonnes although this is unlikely to be achievable given the environmental
changes that have taken place (FAO, 2014). The inland fisheries are principally based on carps
(Cyprinus spp.) and the indigenous barbs species (Barbus spp.). There are some estuarine species (e.g.
Liza) in the lower reaches.
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The Syrian Arab Republic

Syrian inland fisheries take place in reservoirs and waterbodies throughout the Tigris-Euphrates basin
in North and Northeastern Syria. The fishery sector plays a minor role in the Syrian economy, not only
because of the scarcity of resources and the low natural productivity of fishing grounds, but also because
of technical, administrative and legal constraints. The reporting on licensing, fishing activity, catches,
species, fish markets and prices has become infrequent and the data currently received is probably
unreliable. There is some evidence that there are many new entrants to the fishery sector as an
opportunistic coping mechanism. This increasing number of fishers, together with the lack of controls
on inland fishing activity means that IUU fishing on inland waters is prevalent and there is a likely
scenario of overfishing and the use of banned fishing practices/gears. The availability of inland wild
fish has considerably decreased in the fish markets of Damascus, but availability has increased in all
other major cities, each of which is in the vicinity of one or more inland fishing areas.

Jordan

There are no natural lakes and most of the rivers in the country are seasonal. Most of the streams and
large springs are in a limited area of the north and northwestern part of the country and primarily belong
to the Jordan River system. A few belong to the water system of the Dead Sea. The Jordan River system
has about 470 ha of water surface (in 1967) (FAO, 1967).

The country has ten reservoirs with a total storage capacity of 326 million cubic metres. Irrigated
agriculture in Jordan is the largest user of water, consuming 60 percent of the total. The usage is derived
from 50 percent of renewable groundwater and 90 percent of treated wastewater.

A total of 15 endemic freshwater fish species have been identified in the inland waters of Jordan
(Hamidan, 2004). A number of non-native species have been introduced into the inland waters of
Jordan primarily for aquaculture, but some have also been released into open waters. The common carp
(Cyprinus carpio), and Oreochromis aureus were the most introduced species. Other species include:
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Acanthobrama lissneri, Clarias gariepinus and Coptodon zillii, Oreochromis niloticus and Mugil
cephalus. Oreochromis aureus is considered to have the highest impact on local endemic freshwater
fishes, (e.g. Aphanius sirhani and Garra ghorensis, Aphanius dispar richardsoni). This is mainly
because of competition for breeding sites and predation of eggs and young stages (Khoury et al., 2012).

Inland fishery resources in Jordan are limited, with annual production reported to FAO (2014) of 596
tonnes. The fishery resources are in the mainstream of the river Jordan and the country’s reservoirs.
Ziglab irrigation reservoir was stocked with carp and tilapia fingerlings starting in 1966 (FAO, 1973).
Clarias gariepinus is the most common species in the King Talal, Sharhabeel dam (also known as the
Ziglab dam), and in the Karameh and Wadi Al Arab dams. All these fish populations may have
originated from the Jordan River basin (Khoury et al., 2012).
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Israel

Israel has a total area of 21 060 km2, with inland waterbodies occupying 440 km2 (FAO, 2007).
Commercial freshwater fishing (purse seine and gillnets) occurs in Lake Kinneret (also known as the
Sea of Galilee or Lake Tiberias) (Dill and Bentuvia, 1988). This is the sole freshwater body in Israel
(FAO, 2007). In 2005, three purse seiners and about 68 small boats (<11 m) with gill and/or trammel
nets operated in Lake Kinneret (FAO, 2007). In 2005, the commercial catch in Lake Kinneret was 1
396 tonnes and this was considered the maximum sustainable yield. Fishery management measures
imposed have capped capacity (fishing licenses) and reduced fishing effort (three-month fishing ban)
(Mitchell, Vanberg and Sipponen, 2010). The catch has now declined to 484 tonnes (2015).

The principal species that are caught are cichlid species (Sarotherodon galilaeus is the highest catch
amounting to 308 tonnes) followed by Oreochromis aureus (7 tonnes). Carp species contribute 89
tonnes mainly from silver carp (Hypophthalmichthys molitrix) (65 tonnes) and common carp (11
tonnes). The Acanthobrama terraesanctae (Kenneret barb) catch is 37 tonnes and mullets comprise 42
tonnes.
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Lebanon

There was a small fishery of 18 vessels fishing around the inner lake of Qaraoun in Bekaa Valley in
2005. The majority were wooden (flouka) vessels some of which have inboard engines and the others
were unpowered. The vessels land their catch along the lakeshore near their respective villages. All
vessels use trammel nets and are operated year round. The target species are carp and catfish. There are
27 species of freshwater fish identified in Fishbase). Fish are sold fresh and not processed (Majdalani,
2005). The reported catch reached a peak in 2003 at 285 tonnes. FAO has estimated catch since 2007
and this is now only 20 tonnes.
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Palestine

There has been no inland fishery catch reported to FAO.
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Kazakhstan

The larger part of the Caspian Sea (371 000 km?) and part of the Aral Sea (historically 67 000 km?) lie
in the territory of the former Kazakh Soviet Socialist Republic, as do an estimated 48 000 lakes (3 041
of which have a surface area greater than one square kilometre), although a number of them dry up in
the hot summer period. The most important lakes are Lake Balkhash (17 000 km?), Alakol, or (more
properly) the Alakol lake system (3 700 km?), consisting of four large lakes (Sasykkol, Koshkarol,
Alakol and Zhalanashkol), and Lake Tengiz (1382 km?). As a result of agricultural irrigation
programmes in the 1960s where water flowing to the endorheic Aral Sea was diverted, evaporation
exceeded inflow and the lake decreased significantly in both depth (from 15 m to 8 m) and area (60
percent) and salinity increased from 10 ppt to 35 ppt by 1990, with serious consequences for the fishery
(Small et al., 2001). Man-made waterbodies include 475 reservoirs, the most prominent being the
Bukhtarma, Kapchagay and Shardara reservoirs. The major reservoirs are in the south, where there are
75 reservoirs in total, with a combined volume of 95.5 km? and a surface area of over 10 000 km?2. The
great majority of large reservoirs are multipurpose, providing hydropower and irrigation facilities, and
their surface area and depth consequently fluctuate sharply over the year. They are also important
sources of fish catch. The country also possesses more than 8 500 permanently or seasonally flowing
rivers, but these are of limited importance for commercial fisheries, although a number are important
for recreational fishing (including the Ural, Irtysh, Shelek, Tekes, Syr-Darya, Ili and Kigach). There are
also more than 96 000 km of irrigation canals (Timirkhanov, et al., 2010).

Since 2001, when production hit a historic low of 22 960 tonnes, production has climbed to reach a
reported 41 489 tonnes in 2015, with just over half sourced from the Ural-Caspian basin. However,
current production levels lie well below historic levels, which were as high as 112 000 tonnes (1965).
This decline is attributed to the collapse of the Aral Sea fishery, poor water management in the reservoir
system, and overfishing in the Balkash and Alakol lake systems and the Caspian Sea. In the latter case,
concerns have also been raised about the likely impact of the introduction in the early 2000s of the comb
jelly (Mnemiopsis leidyi) on catches of the planktivorous kilka/sprat (Clupeonella spp), the mainstay of
Caspian landings in recent years (Mitrofanov and Mamilov, 2015). Aquaculture production also
dwindled sharply as a combination of reduced state funding, rising costs and recurrent water shortages
that caused the majority of farms to close between 1995 and 2005. Indeed, the production figure in 2006
amounted to only 190 tonnes. Since then, there has been a recovery in aquaculture output to 471 tonnes
in 2015, valued at USD 621 000.

Most authors acknowledge that the reported statistics do not reflect the considerable levels of catch that
go unreported. Mitrofanov and Mamilov (2015) attribute this to the current state strategy of selling,
under the auspices of the Kazakh Fisheries Research Institute (KazNIRKH), quotas on the basis of “one
waterbody - one quota - one lot”, thus monopolizing the fish catch in each waterbody. Excluded fishers
therefore have little alternative but to fish illegally. The same authors go on to suggest that poaching
has increased dramatically in the Caspian basin, where fishing is a traditional way of life for many
people. Timirkhanov et al. (2010) estimate that illegal, unreported and unregistered (IUU) fishing is so
widespread that perhaps less than one-third of fish production is reported. If World Bank (2004)
estimates that there may be as many as 110 000 fishers compared to the 17 300 that appear in official
reports are correct, then real production levels could be three to four times those currently reported to
FAO.

The estimated inland fishery production using the survey-production model returned a figure of 91 267
tonnes (Fluet-Chouinard, Funge-Smith and Mclintyre, 2018), confirming that the scale of the hidden
fishery is certainly considerably greater than official reports. The low levels of aquaculture production
provide a degree of confidence that this result is largely attributable to inland fish production. The FAO
apparent per capita freshwater fish consumption figure of 1.7 kg in 2013 is probably an underestimate,
as it does not account for fish accessed through informal channels. If the adjusted figure is used, then
per capita consumption of inland fish alone would be 5.5 kg per capita per year.

Although some 1 000 recreational fishers are officially registered as sport fishers, there are no data
available about the total number of recreational fishers in the country. It is also not possible to estimate
how many people fish in support of household food security. It is widely known however that such
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“subsistence” recreational fishing is conducted in all waterbodies of Kazakhstan where fish exist. This
household fishing will also add to the overall hidden inland fishery catch of the country.

Notwithstanding the magnitude of IUU production, government estimates suggest that fish, crustacean
and mollusc production has more than doubled in value from KZT 3 075 million (USD 9.85 million) in
2004 to KZT 8 367 million (USD 26.81 million) in 2013.

UN Comtrade data identifies Kazakhstan as the principal fish and crustacean product trading nation in
the region over the period 2012 to 2016. Imports in this period totalled USD 297 million sourced from
53 nations, with the main trading partners being Norway, the Russian Federation and Viet Nam. Exports
over the same period increased to USD 385.1 million (although, the value of fish products exported in
both 2015 and 2016 was about USD 50 million — less than half the USD 104 million generated in 2012)
and were distributed among 29 trading partners. The main destinations were Lithuania, Germany,
Denmark, Russian Federation and Poland. As there are no specialized enterprises manufacturing nets
and/or fishing vessels, all fishing equipment (as in most of the Central Asian countries) is imported.
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Uzbekistan

Historically, fisheries in Uzbekistan were centred on the Aral Sea and the Amu Darya river basin and
peaked at about 25000 tonnes in 1958. Subsequently, the construction of an extensive irrigation
network saw water abstraction and salinity increase, the Aral Sea shrink and Uzbek catches from the
Sea itself cease in 1983. The centre of fishing operations shifted to a group of about 20 lakes (970 km?)
in the Amu Darya delta, and the Aydar-Arnasay lake system (3 700 km?) midway along the course of
the Syr Darya River. These systems are complemented by a number of lakes (2 330 km?) spread across
the country, and 39 multipurpose reservoirs (3 310 km?), of which the most important in fisheries terms
are the Tudakul, Shorkul and Mezhdurechye reservoirs. Most of the country’s 600 rivers, save those in
the mountains, are exploited for irrigation purposes, with riverine fishing activities both limited and
concentrated on the Amu Darya, Syr Darya, Zarafshan and Kashkadarya. The irrigation canal network
is extensive, and extends to about 150 000 km, but generates little fishing activity (Karimov et al.,
2009).

Since the demise of the Aral Sea fishery, inland capture fishery production never (until recently)
exceeded 6 000 tonnes, with FAO reporting production as generally being in the region of 2 000 to
4 000 tonnes. In 2011, the inland capture estimate more than doubled to 8 513 tonnes, and since then
has shot up to 22 954 tonnes (2015). The basis for this substantial revision in capture levels is not
disclosed. Realization that such low levels of capture fishery production were insufficient to meet
national needs led the Soviet state to establish a large-scale carp-centric programme of pond culture in
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the 1960s and 1970s covering 205 km?. Initially under state control, these ponds were expected to
annually produce 26 000 tonnes, but were producing less than 6 000 tonnes annually until 2010. Then
too, reported aquaculture output increased sharply: from 8 772 tonnes in 2011 to 36 898 tonnes in 2015.
Again, the reasons for the increase are not disclosed, although Thorpe and van Anrooy (2009) suggested
that a FAO support programme, which included the identification of effective livelihood-supporting
policy interventions, and an influx of new investors (such as Asia Agro Alliance, Tashinvest, NT Fish
Farm [Tashkent] and Akva Tudakul) could see sharp increases in aquaculture output. In 2017 the
Vietfish magazine reported that the Uzbek government had set up a joint venture with VINAFISH (Viet
Nam) to support the development of fish farming, fish feed production, processing and distribution in
Uzbekistan. The dramatic increase in aguaculture production had seen the revenues it generates increase
from USD 3.9 million in 2000 to USD 83.5 million in 2015.

UN Comtrade data identifies Uzbekistan as a net importer of fish and crustaceans over the five-year
period 2012 to 2016. Fish exports totalled just USD 1 390 000 in this period, going principally to Turkey
and the United States, with lesser amounts being exported to five other countries. Imports over the same
period were sourced from twenty countries and totalled USD 19 731 000. The principal suppliers
included Norway, the Russian Federation and Kazakhstan.

Although Karimov et al. (2009) report the poaching of fish is widespread, this appears to be less of a
problem in Uzbekistan where a combination of small waterbody size and a system of long-term
regulatory leasing have combined to curb commercial poaching. Since 2003, (Decree No. 350),
waterbodies are leased out to fishery enterprises on a rental agreement basis. Fish capture in reservoirs
and lakes is carried out by fishery enterprises that conclude contractual rental agreements with local
administrations for periods of ten years or more. These enterprises catch fish on a quota-free basis, but
are required to take measures to conserve species and to maintain the productivity of waterbodies. One
beneficiary of this was Akva Tdakul whose culture-based programme on the reservoir of the same name
saw output rise from 170 tonnes to over 1 000 tonnes in the space of four years.

Recreational fishing in Uzbekistan is unregulated, although two national fishing and hunting societies
exist. All citizens are entitled to fish in any waterbody across the republic that is not subject to protected
area status or has been leased out to fishing enterprises or fish farms. Karimov et al. (2009) suggest
fishing is not considered to be of major importance for household food security. This might seem to be
true based on the low apparent fish consumption per capita in the country (0.5 kg per capita per year,
FishstatJ).
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Turkmenistan

Turkmenistan has a 611 km coastline on the Caspian Sea and Turkmenbashi is the country’s only
industrial deep water fishing port. The country is dominated by the Karakum desert (284 900 km?),
which is one of the world’s largest sand deserts. Turkmenistan’s largest lake, Lake Kara-Bogaz (18 000
km?), is a shallow lagoon separated from the Caspian Sea by a narrow strip of land. Its high salinity (35
percent, compared to surface salinity of up to 1.4 percent in the Caspian) places it on a par with the
Dead Sea, and makes it uninhabitable to fish populations. Lake Sarygamysh (800 km?), shared with
Kazakhstan, is the only inland lake of note, and nine reservoirs offer limited fishing possibilities. The
major rivers are the Amu Darya (which flows along the country’s northeastern border before entering
the Aral Sea), the Tejen and the Murgab (which originate in Afghanistan), and the Atrek (which
originates in the Islamic Republic of Iran). No significant rivers originate in Turkmenistan. The
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Karakum canal (1 400 km in length) draws its waters from the Amu Darya, and is the centrepiece of an
extensive network of irrigation canals that stretches for just over 37 000 km.

The country’s major fishery has historically been the Caspian kilka/sprat fishery, accounting for more
than 98 percent of national landings. Production has dropped sharply from a peak of more than 50 000
tonnes during the Soviet era following the closure of the Soviet fishing cooperatives, and is now
estimated at 15 000 tonnes. In 2014, three new fishing vessels (each with a GRT of 400) were introduced
into the kilka fishery, although their impact on catches is not yet in evidence. Annual sturgeon catches
throughout the Caspian declined from more than 25 000 tonnes in the 1970s to 470 tonnes in 2000, and
sturgeon fishing in the Caspian Sea is now forbidden. The lack of domestically produced feedstuffs and
reservoir siltation has also inhibited the development of the aquaculture sector, with production
declining from 2 100 tonnes in 1991 to an estimated 30 tonnes (worth USD 84 000) per annum today.
In early 2015, the country registered a new joint-stock company (Hazar Balyk) charged with setting up
a new land-based sturgeon farm near Turkmenbashi designed to produce up to 60 tonnes of sturgeon
annually.

UN Comtrade data identify Turkmenistan as having imported USD 19 068 000 worth of fish and
crustacean products from 24 different countries over the five-year period 2012 to 2016. In 2012 the
country imported USD 7 763 000 of fish products. The main Turkmen suppliers were the Russian
Federation), Belarus and Turkey. Fish exports were only recorded in 2013 and 2014 with all of these
exports going to the United Arab Emirates.

Fisheries access is controlled through the 1998 Provision on Protection of Fish Stocks and Regulation
of Fishing in Territorial and Inland Waters. 1UU fishing would appear to be extensive, with UNECE
(2012) reporting that the amount of poached fish was “at least 10 to 13 times more ” than the officially
permitted fishing quotas. The Department of Protection of Flora and Fauna reported 653 instances of
illegal fishing activity in 2010 for example, with a further 1 121 instances being reported within the
country’s protected areas. The same source also reported that there were no administrative penalties to
punish certain infractions, such as in the case of the trade in illegally caught sturgeon, which was being
sold openly in markets in Ashgabat.

The Society for Hunters and Fishermen is the official body for recreational fishers, and polices its own
waterbodies. No indications as to the size of its membership are available however.
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Armenia

Armenia’s principal fishery is based on Lake Sevan (1 256 km?), the largest lake in the Caucasus region,
which historically provided some 90 percent of the fish and 80 percent of the national crayfish catch.
Another 17 lakes (covering 7 km?) and 18 reservoirs (10.5 km?) are of limited importance in the fisheries
context. Although there are an estimated 9 480 rivers in the country, less than four percent are longer
than 10 km and many dry up in the summer months. Riverine fisheries capture is negligible. There are
also 310 km of irrigation canals in the country (Savvaitova and Petr, 1999).

Since the Sevan-Hrazdan hydropower cascade was completed in the 1930s, excessive water extraction
saw Lake Sevan’s volume dwindle by 44 percent, and the water level drop by over 19 metres. Attempts
to raise water levels using the Arpa-Sevan (1980s) and Vorotan-Arpa (2004) tunnels have been partly
successful, and between 2001 and 2013 the lake level rose by 3.9 metres and its volume by 5.5 billion
m®. Water abstraction and overfishing however had led to the collapse of the Sevan trout, khramulya
and barbel fisheries by the mid-1970s, and in 1984 all three endemic species were placed on the Red
Book of Armenia list. Ladoga and Lake Chud whitefish, introduced to the lake in the 1920s, ensured
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landings remained between 1000 and 2000 tonnes over the period 1935 to 1991. However,
unrestrained fishing in the post-Soviet period saw the lake’s whitefish population decline from 30 000
tonnes in the early 1990s to just 7 or 8 tonnes in 2012, and fishing bans were regularly introduced on
the lake after 2002 (Yu, Cessti and Lee, 2015). FAO reports current trout and whitefish production as
just under 300 tonnes (2014).

The bulk of Armenia’s reported inland capture fisheries production is accounted for by Danube crayfish,
which has leapt from 360 tonnes in 2012 to 4 350 tonnes in 2014. The reasons for this surge are unclear.
Although pond culture had produced 5 000 to 6 000 tonnes annually during the Soviet period, output
had dropped to less than 10 percent of this by the turn of the century.

UN Comtrade data identifies Armenia as a net exporter of fish and crustaceans over the five-year period
2012 to 2016. Fish exports totalled USD 108 million in this period, peaking at USD 32.5 million in
2013, before falling back to USD 113.6 million (2015) and USD 10.1 million (2016). The reason for
the sharp decline is unclear. Although fish products were exported to 23 countries over the period, the
main export markets were the Russian Federation, Belgium and the Ukraine. Fish imports in the same
period totalled US17.4 million, and were sourced from a total of 54 countries, the main partners being
Norway, Viet Nam, and Spain.

Although Lake Sevan is the only waterbody in the country where fishing is regulated, Hovhannisyan et
al. (2011) note that illegal fishing takes place on the lake because of the poor economic situation
confronting many lake-dwellers. Fishing in other natural and artificial public waterbodies and rivers is
unregulated. Fish catches depend entirely on natural propagation, as there is no stocking.

It is widely believed that most of the poorer segments of rural population fish regularly for their own
consumption and about 20 percent do this regularly (effectively >590 000 people). Hovhannisyan et al.
(2011) estimate that annual per capita consumption of fish increased sharply from 0.3 kg to 1.8 kg
between 2005 and 2008. If national production and net exports are aggregated, annual per capita
consumption of fish and fishery products was about 2.25 kg in 2008.
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Tajikistan

Tajikistan is one of the most well-endowed countries in the world in terms of water resources (13 000
m? per capita). It provides about 55 percent of the water flowing into the Aral Sea basin, and accounts
for 12 percent of the total river flows in the Central Asian region. The country has 1 300 lakes (covering
705 km?), with the majority (78 percent) over 3 500 metres above sea level located in the Pamir/Gorno-
Badakhshan region. These include the two biggest (Lake Karakul (380 km?) and Lake Sarez (75.8 km?)).
Many of these natural inland waterbodies are relatively inaccessible, and the low fertility of the water
limits productivity. Part of this glacial meltwater is captured by eight major multipurpose reservoirs,
the biggest being Nurek (98 km?) in the central part of the country, and Kayrakkum (52 km?) in the
northern part of the country. The country has more than 25 000 rivers, although only 967 extend over
more than 10 km, and one of the region’s two major rivers (the Amu Darya) sources about 76 percent
of its waters in Tajikistan. The irrigation canal network is about 33 250 km, with water losses between
source and field varying from 50 to 65 percent because of the high number (>60 percent) of unlined
earthen canals.
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Historically, fish production in Tajikistan was based on small-scale cyprinid pond culture with limited
commercial capture fishing development taking place (from the 1930s onwards) following Soviet
surveys of the lakes of the Pamir, central and southwestern regions. Capture fisheries production was
boosted following the completion and stocking of the Kayrakkum reservoir in 1956, and Khaitov et al.
(2013) report catches of 400 to 500 tonnes per annum (principally carp and bream) over the 1960 to
1989 period. Capture production at Nurek (completed 1980) was never as successful because of low
levels of phytoplankton and zooplankton, leading Khaitov et al. (2013) to suggest the reservoir be turned
over to sport and recreational fishing, and trout aquaculture. A large-scale aquaculture production
programme extending across 2 600 hectares was developed in the early 1960s by the Soviet authorities,
with outputs of 3 to 4 tonnes per hectare being recorded by the 1980s.

Both capture and culture production declined sharply following independence because of a combination
of institutional failure (cessation of state support in the light of hard budget constraints) and market
failure (the inability to acquire fish feed or fishing equipment once the trading relationship with the
Soviet Union was broken), civil war and increased poaching (Thorpe and van Anrooy, 2009). In 1990,
capture and culture output totalled 3 857 tonnes. Seven years later it was down to just 191 tonnes, and
remained below 350 tonnes until 2008. Sectoral employment also fell, from 6 000 in the early 1990s to
about 1 500 a decade later.

Since 2008 there has been a recovery in both capture and culture production, with FAQ reporting inland
capture production rising from 380 tonnes in 2008 to 1 174 tonnes in 2014 (culture production rose
from 26 tonnes (worth USD 64 000) to an estimated 450 tonnes (USD 1.8 million) over the same
period). The reasons for the sharp increases are not documented.

The 2007 household survey figure suggests 2 997 tonnes of inland fish was produced in 2007 (Fluet-
Chouinard, Funge-Smith and Mclintyre, 2018). This is higher than the FAO estimate for inland capture
fishery production in 2007 (225 tonnes) and is closer to the historic production levels reported for the
country.

Poaching is reportedly widespread, with Khaitov et al. (2013) reporting “rampant poaching” of
indigenous trout populations in recent years. However, some of this can also be considered unregulated
recreational fishing as most of the catch (both legally and illegally caught fish) is rarely recorded
officially.

UN Comtrade data identifies Tajikistan as importing USD 7 926 000 of fish and crustacean products
from 16 different countries over the five-year period 2012 to 2016. The main suppliers were the Russian
Federation, the United Arab Emirates and Uruguay. In 2012, USD 708 000 of fish products was
imported from Viet Nam. Exports have leapt from USD 3 018 000 in 2012 to USD 25 014 000 in 2015,
generating a healthy fish trade surplus. The vast majority of exports over the 2012 to 2015 period have
been destined for the Algerian market.

The Association of Hunters and Fishers of the Republic of Tajikistan (AHFRT) was established in May
1956 and in conjunction with a number of fishing clubs issues licences for recreational fishing in the
country. Most recreational fishers are not members of these associations however, and are entitled to
fish in any waterbody that is not in private hands or assigned to a fishing club. The AHFRT estimate
that between 50 and 60 tonnes are landed by recreational fishers annually, with at least 10 percent of
this total being sold in local markets (Khaitov et al., 2013).

REFERENCES

Fluet-Chouinard, E., Funge-Smith, S.J. & Mclntyre, P.B. 2018. Global hidden harvest of freshwater fish
revealed by household surveys. Global hidden harvest of freshwater fish revealed by household
surveys.Proceedings of the National Academy of Sciences Jun 2018, 201721097; DOI:
10.1073/pnas.1721097115.

Khaitov, A.H., Gafurov, A., van Anrooy, R., Hasan, M.R., Bueno, P.B. & Yerli, S.V. 2013. Fisheries and
aquaculture in Tajikistan: review and policy framework. FAO Fisheries and Aquaculture Circular. No.
1030/3. Ankara. 90 pp.

96



Thorpe, A., & van Anroay, R. 2009. Inland fisheries livelihoods in Central Asia, FAO Fisheries and
Aquaculture Technical Paper No.526. Rome. 61 pp.

Azerbaijan

Azerbaijan has more than 450 natural lakes covering 394 km?, although only Lake Sarysu (65.7 km?)
and Lake Aggol (56.2 km?) are over 20 km?in size. The country has a Caspian Sea coastline of 713 km
and 3 218 of its 8 359 rivers, including the two longest (the Araz and the Kura), drain directly into the
Sea. Mingachevir (605 km?) and Shamkir (116 km?) are the largest of the country’s more than 60
reservoirs (covering a total area of over 1 000 km?) and the country also has an estimated 65 900 km of
irrigation canals. Commercial fishing activities are concentrated on the Caspian Sea (predominantly
kilka Clupeonella spp.), the Mingachevir and Shamkir reservoirs, and the Kura River (European carp
Cyprinus carpio; shemaya Chalcalburnus chalcoides; eastern bream Abramis brama; pike-perch
Sander lucioperca), with a small commercial fishery also existing on Lake Sarysu.

The Azeri commercial fishery produced 32 000 tonnes in the 1930s, and this figure rose to just over
55 000 tonnes (96 percent kilka) in 1988. However, unfavourable hydrological conditions in the 1990s
and the accidental introduction and rapid proliferation of the comb jelly (M. leidyi) saw a steady drop
in exploitable biomass. As the fleets of the Caspian nations chased an ever more scarce resource,
overfishing merely accelerated stock collapse in the late 1990s (Mamedov, 2006). Kilka landings halved
to 10 389 tonnes in 2001 following the privatization of the Azerbalgyg State Concern and the selling
off of its 100 vessels. Private enterprise had little success in resuscitating the fishery. Kilka landings
fell to below 1 000 tonnes in 2009, and then to below 150 tonnes in 2015, putting the kilka catch on a
par with the landings of Caspian shad, mullet and Caspian kutum. Reported reservoir and river capture
production halved to 220 tonnes over the period 2003 to 2010, and more recent figures point to a further
substantive decline.

In 2014, FAO reported total inland capture fisheries production at 878 tonnes. Although activity for
restocking of waterbodies in the country dates back to 1954, commercial aquaculture practices were
only developed from the 1980s onwards, and production peaked in 1991 when 2 176 tonnes was
produced. Since 2000, output has roughly quadrupled to reach 561 tonnes in 2015, with revenues
generated rising from USD 120 000 to USD 3.56 million over the same period.

The reported production of fish in Azerbaijan reported by the State Statistical Committee of the
Republic of Azerbaijan (2017) indicates that the national fish production was 47 025 tonnes in 2011.
This fish production figure is reasonably close to the figure derived from the survey-production model
(53 103 tonnes) (Fluet-Chouinard, Funge-Smith and Mcintyre, 2018). Both these figures for inland fish
catch are far higher than the report to FAO (1 061 tonnes) for the same year.

Salmonov et al. (2013) suggest reported catches are likely to be underestimated on two counts. First, as
the real level of recreational catches is likely to be much larger than the 100 tonnes per annum reported
by the Society of Hunters and Fishers. Second, as data on Caspian catch levels are based on information
submitted by commercial fishing companies or individuals at the time they receive their quota, rather
than on the volumes landed in the coastal ports.

UN Comtrade data identifies Azerbaijan as a net importer of fish and crustaceans over the five-year
period 2011 to 2015. Fish exports totalled just USD 89 000 in this period, going to the Russian
Federation, Georgia, and Kazakhstan. In contrast, imports over the same period totalled USD 36.2
million and were sourced from 49 different countries. The major trading partners were the Russian
Federation, Luxembourg, Viet Nam, and Iceland.

Azerbaijan has about 20 000 recreational fishers, most of whom are members of one of the branches of
the Society of Hunters and Fishers. Recreational fishing is governed by the Regulations of Sport and
Amateur Fishing (1999). These allow fishers to catch up to 5 kg of non-predatory species daily (there
is no daily catch limit for predatory species). Salmonov, Qasimov, Fersoy and van Anrooy (2013)
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suggest recreational fishing is primarily for personal consumption, and takes place chiefly along the
Caspian Sea and some of the inland lakes.
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Afghanistan

Afghanistan hosts five major river basins: the Kabul (drainage area 54 000 km?), the Helmand (190 000
km?), the Hari Rod and Murghab (both approximately 40 000 km?), and the Amu Darya (91 000 km?).
Most of the rivers flowing into these basins are perennial, with peak flows in the spring months as the
snows in the Hindu Kush mountains melt, dwindling to small rivulets devoid of fish during the dry
summer months. The Kabul River (which is a tributary of the Indus) is the only river reaching the sea,
the majority ending in salty swamps or terminating abruptly in arid areas of the country. The country
has few lakes, and these are also small in size (Zarkol on the Tajik border, Shiveh in Badakshan,
Istadehye Moqor near Ghazni, and the six lakes in the Band e Amir National Park). The country boasts
23 dams, though years of neglect have taken their toll, and there is no information on the size of the
accompanying reservoirs (nor of their suitability for fishing activity) (Petr, 1999).

Fish resources are relatively scarce in the country, although the country has 85 native species (Coad,
2015). FAO has estimated inland capture fishery production since 1970 until the present. The current
estimate of 1 000 tonnes is unchanged since 2000 and represents an approximation of the likely level
of fish production from unmonitored fisheries in Afghanistan. Estimated aquaculture production has
increased, from 450 tonnes annually over the period 2001 to 2006, to 1 150 tonnes (worth USD 3.68
million) in 2015.

UN Comtrade data indicate that Afghanistan exported USD 11 000 of fish products to Pakistan in 2014,
but nothing in the years 2011, 2012, 2013 or 2015. There is no record of fish product imports to the
country, although fish products from neighbouring countries (Islamic Republic of Iran, Pakistan,
Uzbekistan, and Tajikistan) are present in markets along all the borders.

The fish production figure derived from the survey-production model (4 483 tonnes) is higher than the
current FAO estimate (1 000 tonnes). FAQO has estimated aquaculture production since 1969 (1 050
tonnes in 2014). There is no way to establish the relative contribution to fish consumption by the wild
fishery or the small aquaculture operations that exist in the country. Aquaculture may be underestimated
by FAO and imports from neighbouring Pakistan and the Islamic Republic of Iran are probably not
accounted for. This means that the 4 483 tonnes estimate could be too high.
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Kyrgyz Republic (Kyrgyzstan)

The Kyrgyz Republic (or Kyrgyzstan) possesses the world’s second largest mountain lake, Lake Issyk
Kul (6 236 km?). Most (84 percent) of the country’s other 1 922 lakes lie at altitudes of between 3 000
and 4 000 metres, including Lake Son Kul (275 km?) and Lake Chatyr-Kul (175 km?), and their relative
inaccessibility and low fertility limits productivity. More than 30 000 rivers and streams flow across
Kyrgyz territory, the longest being the Naryn (535 km, which becomes the Syr Darya after passing
through the Fergana Valley), the Chatkar (205 km), and the Chui (221 km). Thirteen artificial
multipurpose reservoirs covering 378.2 km? were created to regulate the runoff of five transnational
rivers (the Chui, Naryn, Talas, Ak-Bura and Kara-Darya), the biggest of these being the Toktogul
reservoir constructed on the Naryn in 1974 (284.3 km?) and the Kirov (26.5 km?) on the Talas in 1975.
The irrigation network comprises 12 835 km of canals, the majority (82 percent) earthen.

Historically, fishing activity was centred on Lake Issyk Kul (Lake Chatyr Kul is fishless, and fish were
only introduced into Lake Son Kul in 1959) and dominated by catches of low value dace (Leuciscus
schmidti and Leuciscus bergi). New carnivorous species were introduced into the waterbody by the
Soviets in the 1930s (Lake Sevan trout, Salmo ischchan) and the 1950s (principally whitefish and pike-
perch) to increase the value of the fishery (Alpiev et al., 2013; Kustareva and Naseka, 2015). As these
species became established and preyed on the endemic species, absolute catches declined from their
peak (1 335 tonnes) in 1965. Widespread restocking from the 1960s onwards has meant that the fish
fauna in most Kyrgyz waterbodies have changed and that most fish currently harvested are non-
indigenous species (Djancharov, 2003; Alpiev et al., 2013). By the 1990s catches had slumped to
approximately 300 tonnes, and fell further to approximately 30 tonnes in 2005. This led to the
government introducing fishing moratoria on Lake Issyk Kul in 2003, and Lake Son Kul in 2006. Since
then, reported catches have climbed to 227 tonnes (2014).) As capture fisheries have declined, the
government has promoted the development of pond aquaculture. This too suffered following the break-
up of the Soviet Union, as a shortage of hatchery equipment and fish feed curtailed production activities,
and most state hatcheries were privatized, although it has recoved in recent years through an upsurge in
caged trout culture on Lake Issyk Kul.

Sarieva et al. (2008) suggest that a large part of the fish caught is caught illegally, is unreported, and
takes place in an unregulated environment. Since 2000, fishing (when permitted) on Lake Issyk Kul has
been leased out to 17 fishing enterprises in the form of 40 lots, but there has been “little control as to
whether the enterprises observe regulations and their quotas” (Sarieva et al., 2008). At the same time,
the dire economic situation and soaring unemployment have encouraged poaching. In 2006, 100 fishers
were caught poaching. In 2008 the Department of Fisheries estimated there were 500 to 1 000 poachers
in the Issyk Kul region alone, and each was catching between 10 kg and 50 kg of fish daily. If true, this
would suggest 1UU fishing levels easily exceed the reported capture production figures.

UN Comtrade data identify Kyrgyzstan as a net importer of fish. Over the period 2012 to 2016, just
USD 126 000 worth of fish products were exported to Serbia, Kazakhstan and Uzbekistan. In contrast,
USD 43.3 million worth of fish and crustacean products were imported over the same five-year period.
Although these imports were sourced from 34 countries, the main supplier of imported fish products
was the Russian Federation, Norway and Lithuania.

Recreational fishing takes places across the country. All rivers, lakes and reservoirs where fishing is
not commercially important (and recreational fishing is possible) are leased to the Hunting and Fishing
Union (HFU, Kyrgyzohotrybolovsoyuz), which in turn licences recreational fishers. In 2007, the HFU
reported 23 656 members. Sarieva et al. (2008) note that the 11 reservoirs leased to the Chui branch of
the HFU over the period 1999 to 2006 were visited by between 3 000 and 6 000 licensed fishers every
year, who landed between 15 and 23 tonnes of fish.

Per capita fish consumption in Kyrgyzstan is far below average per capita fish consumption in Asia
(18.5 kg/year) and the country’s own recommended levels of fish consumption (9.10 kg/year), at about
3 or 4 kglyear (llibezova et al., 2014). The same authors calculate that the share of fish and fish products
is less than 10 percent of household expenditure on total meat and fish consumption.
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Mongolia

Mongolia covers 1.5 million km? and is the fifth largest country in the world. With an average altitude
of 1 580 metres above sea level it is also one of the highest countries in the world. The country has
3 060 natural lakes with a surface area larger than 0.1 km?, but only 200 have a surface area that exceeds
5 km?. The largest lake is Lake Uvs (3 518.3 km?), but it is relatively shallow (average depth 10.1
metres), like the majority of Mongolian lakes. The second largest, Lake Khuvsgul (2 770 km?), is more
than ten times deeper, and holds 74 percent of the country’s total freshwater resources. Other lakes of
note include Lake Khar-Us (1 496 km?, but with an average depth of just 2.1 metres), Lake Khyargas
(1 481.1 km?), Lake Buir (615 km?) and Lake Khar (565 km?). Many of the medium (>200km?) and
smaller lakes dry up once or twice every decade, resulting in the near complete loss of all aquatic life
as fish, aquatic plants and animals are stranded on the drying lake-bottoms. This is however a ntural
phenomenon and the lake ecology is able to recover.

The lakes are complemented by 4 113 rivers extending across 67 000 km. The major rivers are the
Orkhon (1 124 km), the Selenge (1 024 km), which carries 30.6 percent of the country’s total river flow,
the Kherlen (1 090 km), the Zavkan (808 km), the Tuul (704 km) and the Hovd (593 km). The country
also possesses a number of small reservoirs created for irrigation purposes through the construction of
27 earthen dams.

Commercial capture fisheries in Mongolia dates from the 1950s and was centred upon Lakes Buir, Ugii
(25 km?) and Dood Tsagaan (10.5 km?). Mean annual catches of more than 725 tonnes were recorded
in the late 1950s, as fisheries management focused upon expanding fish stocks by introducing fish
species (mainly Artic and Siberian cisco (Coregonus autumnalis and Coregonus sardinella), and peled
(Coregonus peled)) into selected waterbodies. However, overfishing saw annual catches decline to
under 200 tonnes by the late 1980s. In the early 1990s, fishing was prohibited on both Lake Ugii and
Dood Tsagann because of such concerns (Dulmaa, 1999; Ganbaatar, 2003). FAO data suggest current
reported capture fisheries production in the country is approximately 49 tonnes, although FAO has
estimated the annual fish production potential of the Mongolian lakes and rivers to be in the range of
650 to 750 tonnes. This is in good agreement with the catch based on the household consumption model
estimate of 610 tonnes (Fluet-Chouinard, Funge-Smith and Mcintyre, 2018).

Dulmaa (1999) suggests there exists little potential for aquaculture production as the low water
temperatures make the culture of carp uneconomic, and trout production would require considerable
investments in pond construction and water supply to ensure profitability.

Ocock et al. (2005) identified IUU fishing as the dominant threat to capture fisheries production in the
country, despite attempts by the Mongolian Parliament to regulate fishing activity. The market for such
IUU fish “appears to be indiscriminate, the only requirement being that they are large enough to
consume” (Ocock et al., 2005). Particularly vulnerable are taimen (hucho taimen), the world’s largest
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salmonid, which require at least ten years to grow to a size of one metre or more, despite commercial
harvesting of taimen being illegal.

UN Comtrade identifies Mongolia as a net importer of fish. Over the period 2011 to 2015 USD 3.6
million tonnes of fish products were imported from 28 countries. The main suppliers were Republic of
Korea, China and New Zealand. Over the same period USD 393 000 of fish products were exported to
China.

There is no data on the number of recreational fishers in Mongolia. However, Jensen et al. (2009) note
that recreational fisheries are an important income source in the poorer regions of Northern Mongolia.
Recreational fishers are permitted to fish taimen upon purchase of a licence.

Fish and fish products play only a minor role in Mongolian nutritional profiles. Dulmaa (1999) reports
that the Ministry of Health recommended annual per capita fish consumption levels of 3 to 6 kg (1 to 2
kg fresh, 2 to 4 kg fish products) in rural areas, and 4 to 24 kg (3 to 10 kg fresh, 1 to 14 kg fish products)
in urban areas. In 2013 FAOSTAT suggested the supply of fish products was just 0.68 kg/capita per
year.
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Georgia

Capture fisheries production in Georgia primarily takes place along the country’s 330 km Black Sea
coastline. The country has 25 075 rivers, two-thirds of which drain into the Black Sea, and one-third
into the Caspian Sea. The main Georgian rivers are the Alazami (391 km), the Mtkvari (351 km), the
Rioni (333 km) and the Enguri (206 km). However, 99.4 percent of the country’s rivers are less than 25
km in length. The country also possesses 860 lakes covering 170 km?, although the two largest, Lake
Paravani (37.5 km?) and Lake Kartsakhi (26.3 km?), have maximum depths of less than four metres.
The country’s deepest lake, Lake Ritsa (1.5 km?, depth 101m), is rich in trout. Thirty-seven reservoirs
cover 258.3 km?, the largest being Mtvari (112.3km?), Khrami (27.7 km?), Sioni (12.8 km?), Tkibuli
(12.1 km?) and Shaori (10.2 km?). Although 134 of these waterbodies are used for fisheries purposes,
Van Anrooy et al. (2006) report that the productivity of most of the lakes and reservoirs is poor because
of low water temperatures, wide fluctuations in water levels, lengthy coverage of the surface with ice,
limited natural reproduction of the main commercial species, and an absence of restocking in recent
decades. The country’s 36 main irrigation canals extend over 1 296 km, but the irrigated area has fallen
from its maximum of 500 000 hectares at the end of the 1980s.

Commercial capture (marine and inland) fisheries in the republic date to 1930 when the joint-stock
company Saktevzi was established. Production grew from approximately 2 000 tonnes in the early
1930s to reach 113 889 tonnes in 1980, as the country’s fleet of 48 industrial fishing vessels traversed
the Azov and Black Seas, and ventured further afield in pursuit of fish to supply processing factories
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located in Thilisi, Kutaisi, Batumi, Sukhumi and Gagra. The principal target was anchovy, which
accounted for 98 percent of landings in 1980, with inland fisheries production contributing just 2 percent
of the total. By 2000, the sale of the ocean-going fleet to Ukraine, the closure of most fish processing
plants, internal strife, and the fracturing of trade links with Russia saw total capture production collapse
to about 2 500 tonnes a year. The anchovy fishery along the Black Sea staged a recovery to reach 55 000
tonnes in 2010, but Goradze et al. (2014) expressed strong reservations about its sustainability given
that over half the catch comprised undersized fish.

FAO report capture production data for Georgia of 50 tonnes or less (20 tonnes in 2014) since 1996,
although van Anrooy et al. (2006) estimated total inland capture fisheries catch to be about 400 tonnes
in 2004. This is supported by the consumption survey model estimate of 492 tonnes for 2011 (Fluet-
Chouinard, Funge-Smith and Mcintyre, 2018).

Evidence suggests the level of IUU fishing is high. Van Anrooy, Mena Millar and Spreij (2006) report
that most of the internal catch is taken by poachers, and Goradze et al. (2014) note that the use of illegal
fishing methods has become more widespread and that there is both illegal entry into protected areas
and uncontrolled fishing for high value endangered species, most notably sturgeon.

Recreational fishers in Georgia are expected to follow the rules laid down in Order No.512 of MEPNR
(2005) governing amateur and sport fishing. Khavtasi et al. (2010) suggest the number of recreational
fishers is “rather high” and they may be responsible for landing several hundred tonnes a year. This
may explain the discprepancy between reported inland catch and the household consumption model
estimate.
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2.3 RUSSIAN FEDERATION
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The Russian Federation spans both Asia and Europe, and has extensive inland water resources. Much
of the country’s fish production is also derived from waterbodies outside of the European subregion.
The Russian Federation, as a statistical entity, has been included in Europe, however the importance of
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its inland fisheries in the central and eastern (Asian) parts of the country means it is more meaningful
to treat the Russian Federation as a subregion.

Russia has more than 2.5 million small rivers with a total length of more than 8 million km. The length
of the important rivers used for fisheries is estimated to be 615 000 km, 200 000 km of which are
significant as spawning and nursery areas (Mamontov et al. cited in Dgebuadze, 2015). It has more than
2 million freshwater lakes (OECD, 1999) with an area of approximately 350 000 square kilometres (35
million hectares) (Dgebuadze, 2016). Many of Russia’s freshwater bodies are situated in places that are
difficult to access, and therefore, only 40 percent of them are used for fisheries (Dgebuadze, 2016). The
importance of the large rivers has declined with successive damming to form large multi-purpose
reservoirs. The remote nature of many Siberian rivers is another reason for the low levels of
exploitation. (Berka, 1989).

In the western part of the Russian Federation, there are the Ponto-Caspian River basins (the VVolga, Don
and Ural Rivers) with associated lakes and reservoirs. Lake Ladoga, Lake Onega, Lake llmen are the
largest waterbodies in the western part of the Russian Federation. Lake Peipus-Pikva (Pskovsko-
Chudskoe) is shared between the Russian Federation and Estonia. There are reservoirs on the two large
river systems in the western part of the Russian Federation, namely the Kuibyshev, Rybinsk, VVolgograd,
Cheboksar, Saratov and Gorkiy reservoirs on the Volga river and the Tsimlyansk reservoir on the Don
River.

In the northern central part of the country, several large rivers drain into the Arctic Ocean (including
the Ob, Lena, Enisei and Irtysh Rivers) and represent the largest riverine production of the country. Ob-
Irtysh basin catches have traditionally combined catch from three types of waterbodies: rivers, lakes
and bays. Catches are reported from the rivers of Tyumen, Tomsk, Novosibirsk, Omsk, Kurgan and
Kemerovo administrative regions and the Altai Territory (including the rivers of the Altai Republic).
Lake catches come from Tyumen and Tomsk regions and the coastal catch comes from the Ob and Taz
bays of the Kara Sea. This excludes inland salt lakes with production of artemia and
amphipods/gammarus.

Catch in the Ob-Irtysh basin in 2013 amounted to 22 900 tonnes. It is concluded that declines in catches
of most species of fish are because of the long period of low water levels (the Ob-Irtysh River system
has considerable fluctuations in inter-annual water regimes), reduced feeding efficiency and
reproduction in the Ob-Irtysh basin. This is also strongly affected by the high fishing effort as well as
poaching (IUU fishing).

Total fishery product of Yenisei River basin in 2013 is reported at 4 260 tonnes (rivers 1 910 tonnes;
lakes 1 100 tonnes; reservoirs 1 240 tonnes). It is estimated that commercial fishing accounts for 97.5
percent of the fish caught, with amateur or recreational fishing accounting for 2.5 percent. Fishing effort
is concentrated on the most valuable and available fish species found in the mainstream rivers and
reservoirs located near populated areas. The riverine catch is dominated by whitefish (Coregonus spp.),
pike and burbot. Makoedov and Kozhemyako (2007) state that roach, omul and bream make up to
80 percent of the harvest, however this information dates from the mid 2000s.

In the centre of the country, Lake Baikal has a surface area of approximately 31 500 km?. Only a shallow
part of the lake has commercial significance, as it is here that fishing is conducted mainly for
Baikal omul (Coregonus migratorius). The total catch of omul in Lake Baikal in 2013 amounted to
1 900 tonnes, remaining at the level of 2012 (1 870 tonnes). Coregonus catches are reported to have
declined, mainly as a result of the unfavourable situation in the fishing of certain fishing areas and a
high proportion of illegal and unreported catches. The status of stocks of other species of fish (bream,
pike, catfish, perch and others) in the lake is considered to be quite stable. The low overall catch reported
is attributed to the poor organization of fishing and the high degree of illegal fishing.

In the east, there are two large river systems: the Lena River entering the Arctic Ocean and the Amur
River entering the Sea of Okhotsk, as well as numerous shorter eastern Siberian rivers. Fisheries in this
region are largely based on salmon, particularly on the Pacific coast, and the fishing often takes place
in quite remote areas. Subsistence fishing by indigenous groups is important and takes place mainly in
estuaries, lagoons and rivers (for anadromous fish). Indigenous fishers are legally bound to use the catch

104



only for local consumption and are not allowed to sell their catch (FAO, 2007). Where commercial
fishing in undertaken, the fish are collected for sale from fishing camps. Elsewhere recreational fishing
for salmon is of increasing value. Improved salmon returns in some rivers are attributed to better control
of marine driftnet fisheries. The salmon catches of Russia are reported to be 470 900 tonnes
(Glubokovsky et al. cited in Dgebuadze, 2015), but are reported in the marine catch of the Russian
Federation.

Inland capture fisheries have always been important, with earlier catches for Russia as part of the Union
of Soviet Socialist Republics (USSR) at about 124 000 tonnes in 1980 (Berka, 1989), with an additional
inferred catch by recreational and informal fishing of 67 000 tonnes (Berka, 1989). Riverine catches
represented approximately 50 000 tonnes of this (Berka, 1989).

In 1988, when the Russia Federation first reported as a separate entity, the inland fish production stood
at about 437 000 tonnes. Catches subsequently declined to 217 858 in 1994 and have stabilized since
then. In 2014, the reported production figure was 224 895 tonnes. Of this total, some 48 800 tonnes
come from monitored fisheries in rivers, lakes and reservoirs. This does not also include the recreational
and informal fishing sector, which is considered to produce a significant level of retained catch (Titova,
1984) and is estimated to comprise about 15 million people (Dgebuadze, 2015). IUU fishing is variously
estimated as between 20 to 100 percent more than the officially reported catch for the country
(Dgebuadze, 2015).

Official statistics of the Russian Federation (Ministry of Natural Resources and Ecology of the Russian
Federation, 2014) for freshwater bodies indicate that the catch of aquatic biological resources was
105 960 tonnes in 2014, but this is presumed to be the catch from monitored commercial fisheries.

There are increases in catches observed mainly in waterbodies in basins in western Siberia, western
Volga-Caspian and eastern Siberia. There are continuing declines in the fish catches in waterbodies of
the northern part of the country and the Azov-Black Sea basin fisheries and Lake Baikal, caused mainly
by the deteriorating hydrological regime of these waterbodies.

Most Russian reservoirs continue to have declining stocks of the most valuable fishery species (sturgeon
and freshwater salmonid), attributed to IUU fishing and long-term impacts on hydrology and
environmental water quality, habitat alteration (obstruction of migration routes and reduction in the area
of spawning grounds) as well as competition with alien species (Berka, 1989; Dgebuadze, 2015).
Particularly damaging was the construction of the Volgograd dam, which prevented several sturgeon
species (including the beluga) access to most of their spawning grounds. The stocking programmes by
the riparian states have not been able to compensate for this loss (Secor et al., 2000).

There have been efforts to increase production and offset impacts on rivers and waterbodies throughout
the Russian Federation. These range from habitat provision (spawning nest for Chinese carp)
introduction of Chinese carp and bream (Abramis abrama) to reservoirs, through to active stocking of
hatchery reared salmon in rivers (Berka, 1989). Dgebuadze (2015) reports that nonindigenous species
comprise more than 15 percent of species in most Russian river basins.
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2.4 EUROPE

Inlztind Total Fish production | percentage | Per capita N e
Gy | renewable per unit of of global inland | Number | o poc
Subregion ket surface renewable inland fishery | ofinland | parvest
(tonnes) water surface water fishery production | fishers y
(2015) (km3/yr) (tonnes/km?/yr) catch (kg/caplyr) \WOrkers
Eastern Europe 63 663 731 87 0.6 1.22 | 14405 n.a.
Northern Europe 45 096 910 50 0.4 0.42 1486 n.a.
Western Europe 27921 804 35 0.2 0.09 4 330 n.a.
Southern Europe 13337 597 22 0.1 0.09 | 10637 n.a.
TOTAL 150 017 3042 194 1.3 0.24 | 30858 n.a.

Previous editions of the Review of world fishery resources: inland fisheries included the Russian
Federation in the statistics for Europe, despite that fact that a substantial part of the production of the
Russian Federation is derived from basins lying outside of the European region. The Russian Federation
is now treated separately from the European region.

Total European region catch in 2015 (150 017 tonnes) was 1.3 percent of the global total. This largely
derived from the commercial fisheries, which are monitored in Europe. There is also unregulated
informal fishing activity that is not recorded and substantial recreational fisheries. Some of the
recreational fishery catch is retained and consumed, especially in Northern and Eastern Europe.

The most recent estimate of total annual catch of commercial inland fisheries of the European Union
countries is a 2007-2008 average, estimated at 35 000 tonnes, and valued at USD 147 million to USD
161.7 million (EUR 100 million to EUR 110 million). There were an estimated 17 100 commercial
inland fishermen operating within the European Union in 2008-2009, many of whom were part time.

Commercial inland fisheries exist in 22 of the 28 European Union Member States, but only in 19
Member States are these fisheries significant (>100 tonnes). They target a wide range of both freshwater
and diadromous fish species. Non-European Union countries also have significant inland fisheries.
Passive gear, such as traps, pots, fyke nets, lines, trammels, gill nets and other passive nets are the most
widely used gears.

Under-reporting is common in many of the countries, which makes analysis of the data and trends
unreliable. Commercial inland fisheries target a wide range of both freshwater and diadromous fish
species. Diadromous species are among the most valuable species targeted by commercial inland
fisheries. They are targeted in coastal areas, estuaries and the downstream, tidal parts of rivers, and
constitute the main species exploited in these areas. Diadromous species exploited in the European
Union include:

e Salmonidae: Atlantic salmon (Salmo salar) and sea trout (Salmo trutta).
Clupeoidae: including the allis shad (Alosa alosa), twaite shad (Alosa fallax), pontic shad
(Alosa pontica) and other species of shad (Alosa spp.).

e Petromyzonidae: including sea lamprey (Petromyzon marinus) and river lamprey (Lampetra
fluviatilis).

e Anguilllidae: including the European eel (Anguilla anguilla).

e Acipenseridae: which includes different species of sturgeons, European sturgeon (Acipenser
sturio) and Beluga sturgeon (Huso huso). Mugillidae: with various species of mullets (Mugil
spp.) including red mullet (Mullus barbatus).

The member countries of the European Inland Fishery and Aquaculture Advisory Commission
(EIFAAC) reports approximately 30 000 commercial inland fishers and a catch of 90 000 tonnes, but
this includes some non-European Union countries. EIFAAC data only reflect declared catches; the
extent of unreported or illegal catches is usually not accounted for (Mitchell, Vanberg and Sipponen,
2010).
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Ukraine 20116 45 239 000 0.61 0.18 170 118
Poland 18 376 38 217 000 0.49 0.16 60 306
Hungary 9 937 9 955 000 0.65 0.09 104 96
Romania 4 464 21 699 000 0.12 0.04 212 21
Czechia 3841 10 702 000 0.35 0.03 13 292
Serbia 3150 9511 000 0.53 0.03 n.a. n.a.
Slovakia 1971 5450 000 0.36 0.02 50 39
Belarus 869 9 357 000 0.07 0.01 58 15
Montenegro 662 621 000 1.35 0.01 n.a. n.a.
Slovenia 141 2072 000 0.07 0.00 32 4
Bulgaria 86 7223000 0.02 0.00 20 4
Eﬂecf’llég'\;g of 50 | 3487000 0.01 0.00 12 4

Eastern Europe has significant river and lake resources centred on the extensive Danube basin, its
tributaries and delta, as well as the Dnieper and Dniester Rivers. The reservoirs of the Ukraine and the
extensive lake district of Poland are important resources as these two countries dominate the production
of this region.
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Inland water fish have been an important source of food in many eastern European countries, and they
developed important fisheries, especially during the period when governments invested in stocking and
promotion of inland fisheries as part of the centrally planned economies. This support disappeared
following the breakup of the Union of the Socialist Soviet Republics and this was reflected in the
reported catches until about 1998. The production of Ukraine increased after 1998, and because of the
country’s dominant position this drove the regional trend, although the catch of other countries has
remained largely stable throughout.

Ukraine contributes about 32 percent of the catch for the region and Poland about 29 percent, Hungary
a further 16 percent. The rest of the catch is shared between the other countries with catches ranging
between 50 tonnes and 4 464 tonnes. The region’s catches consist mainly of cyprinid species (especially
common carp). However, a wide range of other species is stocked in lakes and reservoirs to support the
remaining commercial fisheries and a growing recreational sector.

There are reports of high levels of participation in recreational fishing, or fishing for the family in the
Eastern European subregion (see Chapter 8 in this publication). This suggests that there may be
considerably more fish entering households than is revealed in the reported catch statistics.

The total area of all inland freshwater waterbodies in Ukraine is about 24 000 km?: 73 000 rivers and
streams (about 250 000 km total length), about 20 000 lakes and estuaries, 1 160 reservoirs and 28 700
artificial ponds, 1 190 km of large canals, and another 1 032 km of sluices. The largest rivers are the
Danube, the Dnieper and the Southern Bug and the largest dam the Dnieper Cascade, with a total area
of 6 920 km2. Most Ukrainian lakes are located in the drainage basins of the Danube, Dnieper, Pripyat,
South Donets and of the small rivers in the Poles’ye region. The Sea of Azov is a brackishwater inland
sea shared with the Russian Federation.

According to FishStatJ, inland fisheries catch in Ukraine reached 20 116 tonnes in 2015. For the last 10
to 15 years funding for fisheries research has been extremely limited and no recent data were found on
how catches are distributed geographically within the country. However, Table 2-4 shows catches from
different basins in the period 1997 to 2003. In that period catches from freshwaters made up about
20 percent of all capture fisheries production in the country.

Table 2-4: Inland fish catch from Ukranian waterbodies

Area Landings tonnes (mean)
Dnieper reservoirs 7 100 to 8 800 (8 200)
The lower Dnieper and the Dneprovsko-Bugskiyy (Southern Bug—Dnieper) 1200 to 3 800 (2 100)
Danube with its deltaic lakes 800 to 1 600 (1 000)
Dniester 400 to 600 (500)
Other waterbodies 200 to 400 (300)

Note: Catches from the Sea of Azov appear not to be reflected in reported inland catches and are
presumably recorded as marine catch.

There is also a significant catch by recreational fisheries and poaching (possibly one-third of the legal
catch and in some cases more) which is not considered. Most catches were from the large reservoirs on
the Dnieper where yields have been fairly stable. This is not the case for other fisheries that have
experienced serious decline. The worst decline is in the rivers and lakes of the Volynsk region where
catches were 76.5 tonnes in 1990, but had almost disappeared within a decade. Fisheries comprise 30
to 35 species, mostly exotic and indigenous cyprinids, perches, pike, catfish and clupeids (Movchan,
2015).

High levels of industrial pollution and environmental degradation are seriously impacting freshwater
ecosystems and thus fisheries; also the accident at the Chernobyl Nuclear Power Station had serious
long-term consequences for the country’s environment. Flow regulations of the main rivers have
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degraded the conditions for natural reproduction and feeding of many fishes, and blocked migration
routes. There are attempts to compensate these losses through stocking programmes mainly using
exotics; currently some twenty exotic species have been introduced, of which nine have become
established (Movchan, 2015).

The Sea of Azov is highly productive. Between 1930 and 1952 the average annual catch was about
200 000 tonnes with a maximum 275 000 tonnes in 1936. Anadromous, semi-anadromous, and
freshwater species made up 59 percent of the landings including up to 15 000 tonnes of sturgeon. By
the end of the nineteenth century, and during the 1990s, overall landings decreased to just 10 percent
of the peak. Since 2000, fisheries have somewhat recovered to about 45 thousand to 50 thousand tonnes
per year (Diripasko et al., 2015). Catches from the Sea of Azov appear not to be reflected in inland
catches reported to FAO and are presumed to be included in marine catch reports. In order to maintain
sturgeon stocks in the Black and Azov Seas, Ukraine has a state funded stocking programme with
Russian sturgeon (Acipenser gueldenstaedtii).
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Poland

Poland has about 6 000 km? of surface waters. The Vistula and Oder Rivers are the most important
watercourses (Kaczkowski and Grabowska, 2016). There are 3 200 km? of lakes where most of the
commercial fishing takes place. In 2015 Poland reported 18 376 tonnes of fish landed from inland
fisheries (FAO FishStatJ), 8.5 percent were identified as indigenous cyprinids, other important species
were pike, perch, pike perch and vendace and 87 percent were unidentified species. Catches of European
eel, a species that was important in the past, are now just 0.4 percent of the landings.

The average Pole consumed 12.3 kg of in 2014, in the period 1995 to 2002 the consumption of fish and
fish products comprised only 7 to 9 percent of total meat consumption. Among freshwater species
imported Pangasius and salmon together with carp are the most important (Rucinski, 2015).

The inland fishing sector employs about 1 650 people (Ministry of Agriculture and Rural Development,
2008).

In Poland, there are approximately 1.5 million recreational fishers (Wolos cited in Trella and
Mickiewicz, 2016). It is estimated that in 2005 the catches from recreational fishing amounted to nearly
10 000 tonnes of fish, whereas in 2006 it was nearly 15 000 tonnes. Anglers associations have a large
technical potential and are a major employer in the fisheries sector (Ministry of Agriculture and Rural
Development, 2008).
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Hungary

The total area of surface water suitable for fisheries is 1 400 km?. The Danube and the Tiesza, its main
tributary, are the two most important rivers. Several large lakes are also important, namely Lake Balaton
(596 km?), Lake Ferto (75 km?) and Lake Velence (7.5 km?) and the Lake Tisza reservoir (64 km?)
(Specziar and Erds, 2016).

In 2015, 9 937 tonnes were landed (inland fisheries), a significant increase compared to 7 463 tonnes
and 6 472 tonnes respectively in 2014 and 2013 (FAO FishStat]). However, this is still far from the
peak catch of 22 704 tonnes in 1984. The recovery is mainly a result of the good performance of the
common carp, which with 7 307 tonnes (more than double the catch in 2013) now constitutes 74 percent
of the reported catch (FAO FishStat)). Specziar and Erds (2016) explained that the sustainable
exploitation of several stocks including common carp (the main species) depends on regular and
continued stocking, and several other stocks have already collapsed because of overfishing.

National policies have favoured the recreational sector (with 332 000 anglers) at the cost of inland
commercial fisheries that are now restricted to Lake Balaton, the main rivers and associated oxbow
lakes (Specziar and Ergs, 2016).
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Romania

In Romania there are about 3 500 very small (<1 km?) lakes, although the former lagoons of the Black
Sea, Razim (425 km?) and Sinoe (171 km?), are relatively large, and the Danubian lakes, Oltina and
Brates, with areas of respectively 22 km2 and 21 km2 are also significant. There are also the reservoirs
created by the Tron Gates dams. The total length of the country’s principal rivers including the Danube,
(Europe’s second largest river) is 22 569 km (Ministry of Agriculture and Rural Development,
undated).

Inland fisheries is mainly practiced in the Danube and the Danube delta, but also takes place in the
Razim-Sinoie lake complex, in artificial lakes and in various other waterbodies. (Ministry of
Agriculture and Rural Development, undated).

The Romanian inland fisheries sector was hard hit by the transition to a market economy. Maximum
production was achieved in 1987 with 26 690 tonnes, however, from that moment there has been an
almost continuous decline until about 2010 when just 2 457 tonnes were landed. Since that year, the
trend appears to have reversed with year on year improvements and in 2015, 4 464 tonnes were caught
(FishStatJ). The major share of landed fish comprised goldfish (47.5 percent), and the remainder
comprised bream (9.3 percent), roaches (6 percent), Wels catfish (5.4 percent) and common carp (4.9
percent). Silver carp, grass carp and bighead carp that were among the dominant species when there
was a planned economy have almost disappeared from the catches (FAO FishStatJ). However, there are
probably significant amounts of unrecorded landings, and there are no statistics of the increasingly
important recreational fisheries, although there are 200 000 registered anglers (Ministry of Agriculture
and Rural Development, undated).

Some 2 500 fishers operate in inland waters, using 2 256 registered vessels. Until the 1950s inland
fisheries was the main economic activity along the Danube and its delta, today it is the main economic
activity only in the delta region where 1 500 people (or 10 percent of the delta population) work in
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inland fisheries. However, inland fisheries continue to be mostly carried out by traditional fishers as a
full-time occupation, although they can be a subsistence activity for people with insufficient income
from other sources (Ministry of Agriculture and Rural Development, undated).

Recorded fish consumption dropped from more than 8 kg/person/year in 1989 to a minimum of about
2 kg/person/year between 1993 and 1999. Since then, it has been increasing again and reached 4.5
kg/person/year in 2005. However, although the country was able to meet the national demand almost
entirely during the planned economy, the country is now relying on imported fish for about 85 percent
of the supply (Ministry of Agriculture and Rural Development, undated).

Since the 1950s, the policy of controlling the floods and converting the floodplains into arable land by
damming the Danube, has not had the expected positive impacts on agriculture, but fish catches have
declined severely as a response. It seems that this policy has come to an end and is now being replaced
by a new strategy that will allow the rehabilitation of wetlands and the flooding of certain areas
(Ministry of Agriculture and Rural Development, undated). Also, the quality of water in rivers and lakes
is improving, and the water quality of the Danube is generally at an acceptable level. However, the two
Iron Gates hydroelectric dams blocked the upstream migration of fishes including sturgeons.
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Czechia

Since Czechia is without access to the sea, inland fisheries still constitutes 100 percent of annual
commercial catches. The fishery nevertheless is very small, and it is licensed to a company employing
just four part-time fishers fishing in the Vestonice reservoir. The annual catch was 24 tonnes (2006).
The extensive pond system in the south of the country, although mainly used for aquaculture purposes,
may have some relevance for fisheries as well. The limited commercial fishery stands in sharp contrast
to the 4 095 tonnes caught by the 330 000 anglers in the recreational fisheries sector (Ernst & Young,
2006). According to FAO Fishstat], 3 841 tonnes were landed in 2015 of which 78 percent was common
carp. In the last decade or so catches of most species appear to be relatively stable (FAO FishStatJ), but
compared to the situation at the turn of the millennium, pikeperch, brown trout, eel and especially
grayling are experiencing a decline, whereas introduced brook trout and rainbow trout are doing well.
A particular success story is wells catfish where catches have more than doubled to 126 tonnes since
2000 (Horky, 2016).

Hydropower development has had a negative impact on migratory species such as eel, however water
pollution levels seem to be improving. The main concern appears to be stocking with non-native species,
as well as local overfishing by recreational fishers.

REFERENCES

Ernst & Young 2006. EU intervention in inland fisheries. EU wide report — final version. Brussels, European
Union. 132 pp.

Horky, P. 2016. Freshwater resources and fisheries in the Czech Republic. In J.F. Craig, ed. Freshwater
fisheries ecology, pp. 201-207. Chichester, UK, John Wiley & Sons, Ltd.

Serbia

Serbia is a landlocked country, and has neither any marine fisheries activities nor any fishing vessels
operating at sea under the Serbian flag. FAO fisheries statistics on Serbia as an independent state start
in 2006. Landings reached a peak in 2011 with 5 384 tonnes, however, catches have experienced a 41
percent drop since then to 3 150 tonnes in 2015. Thirty percent of the catch was reported as not
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identified freshwater species, goldfish (16 percent), common carp (10 percent), pikeperch (6 percent),
and silver carp (5 percent).

In 2013, 5 040 tonnes were caught by professional fishermen and recreational fishermen who landed
2 235 tonnes and 2 805 tonnes respectively. The number of professional fishermen was 511, and 77 589
permits were issued for recreational fishing (European Commission, 2015). Similar to what has been
happening elsewhere in Europe, the influence of the recreational sector in shaping fisheries
development is increasing (Smederevac-Lali¢ et al., 2012).
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Slovakia

Slovakia is drained by rivers forming part of the Danube basin, which drains an area of 47 087 km?. In
addition, there are 8 164 km of canals for drainage, irrigation and navigation (Novomeska and Kovac,
2016. The country also features many relatively small, mainly artificial, waterbodies (ponds and
reservoirs) with a total area of 938 km? (Novomeska and Kovag, 2016).

Fishing is only recreational, with 120 000 registered fishers. Commercial fisheries basically disappeared
when the country became independent (Novomeska and Kovaé, 2016), and catches have since then
fluctuated between 1 185 tonnes and 1 971 tonnes (the most recent reported catch in 2015). Catch
reports are very detailed with 99.2 percent identified at genus and mostly at species level (FishStatJ).
The dominant species is common carp with 75 percent of the catches (FishStatJ). The Iron Gates dams
in Serbia and Romania have had serious impacts on the entire Danube River, and current hydropower
development is an area of concern. Many aquatic ecosystems and fish habitats also became seriously
degraded in the 1970s. The Nagyoras-Gabcikovo dam (initiated in 1977) seriously affected the internal
delta of the Danube and required a lot of mitigation structural work. However, currently, surface waters
are managed in line with the European Union Water Framework Directive.
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Belarus

Belarus has 53 rivers that are more than 100 km long. The biggest are the Dniepr, Prypiat, Zapadnaya
and Neman Rivers. There are 10 000 lakes in the country of which 90 percent are oxbows of the Dniepr
and Prypiat Rivers. Twenty-two lakes are larger than 10 km?, of which the largest are the Naroch,
Chervonoe, Vygonovsoe, Lukomlskoe, Nescherdo and Drisviaty lakes. In addition, there are 144
reservoirs with storage greater than 1 kmd,

Annual catches have varied between 553 tonnes and 1 122 tonnes since 2000. In 2015, 869 tonnes were
landed. The 2015 catch is only about a quarter of the maximum landing recorded in 1989 (3 640 tonnes).
Most of the catch is cyprinids, among which bream with 30 percent of total catches was the most
important, and other important species were goldfish and roach (FishStatJ). In contrast, Semenchenko,
Rizevski and Ermolaeva (2015), report that total catches reached 8 961 tonnes in 2010, of which roughly
30 percent came from the large lakes and 5 percent from reservoirs. It is not clear what is behind this
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discrepancy, however, it appears that catches by recreational fishers, which added up to more than 8 000
tonnes in 2010 (Semenchenko, Rizevski and Ermolaeva, 2015), are not reported to FAO.

The fishery is managed through stocking programmes and licensing. According to Semenchenko,
Rizevski and Ermolaeva (2015), many lakes and rivers appear to be overexploited as the total fisheries
potential is approximately 5 000 tonnes. Other negative impacts result from invasive species, dam
construction and spawning habitat degradation.
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Montenegro

The annual catch in Montenegro was 662 tonnes of fish in 2015 (FishStat]). The freshwater catch
amounts to 520 tonnes from Lake Skadar (370 km?) comprising mostly carp, but also bleak, crucian
carp and eels. Catches consist mostly of trout (78 percent) and common carp (22 percent) (FishStatJ).
The aggregated catches seem to be fairly stable. However, there is no definitive view as to whether the
stocks are under fished or over fished. There are 400 licensed fishers with two hundred artisanal vessels.
There is a high demand for Skadar Lake products at the local market. Most of the fish (mainly smoked
carp) is sold informally, but 270 tonnes of fish is sold to a fish canning factory that has a fishing
concession on Lake Skadar (MAFWM, 2006).
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Slovenia

Inland fish catch in Slovenia in 2015 was reported as 141 tonnes, the lowest reported to date. The highest
catches were in 1994 with 339 tonnes. In spite of the low volume of the catch, the level of detail is
impressive with more than 90 percent of the landings reported at the species level. The dominant species
is common carp with 38 percent, followed by rainbow trout with 13 percent (FishStatJ). There were
more than 14 000 recreational fishers in the country in 2004 (IUCN, 2004).
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Bulgaria

Natural waterbodies in Bulgaria are limited, consisting of 570 ha of lakes (Zlatanova cited in Mitchell,
Vanberg and Sipponen, 2010). Bulgaria has 5 107 dams with a total water surface area of 637 km?, and
a total length of rivers for inland fishing of 20 231 km (150 km?), including 471 km of the Danube
River. Commercial inland fishing in Bulgaria occurs in the Danube River, artificial reservoirs and some
natural lakes (Mitchell, Vanberg and Sipponen, 2010).

Inland catches were reported as 86 tonnes in 2015, just 3 percent of what was landed less than two
decades ago in 1999 when the highest catch of 2 475 tonnes was recorded (FishStatJ). Half a decade
ago inland fisheries made up 10.3 percent of the commercial landings, of this 17 percent came from the
Danube and the remainder was caught in reservoirs. The detail of reporting to FAO is very good,
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showing that the fisheries for all species appear to have collapsed including common carp, goldfish, big
head and silver carp. As recently as 2012, the landings of these four species were 1 239 tonnes
(FishStatJ). It is recorded that 1 620 people worked in inland fisheries in 2010.
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Republic of Moldova

The Republic of Moldova is framed by two large rivers and a few middle-sized ones, and it is webbed
by several thousand other rivers and water flows. Both the topography and water resources of the
country are ideal for the construction of small water reservoirs and fish ponds. This is why the total
artificial water surface in the country is so large. There are 41 707 ha of water reservoirs and ponds, of
which 20 507 ha (49.2 percent) are used as fish farms.

Moldova has not reported inland fisheries catches since 2010, when 44 tonnes were landed. Since then
FAO has estimated the catch at 50 tonnes per year. The highest catch ever recorded was 2 331 tonnes
in 1990 (FishStatJ). However, since that year catches have never been above 200 tonnes, indicating that
these fisheries probably were relying on continuous intensive stocking programmes that were not
maintained after the transition to a market economy.

Most landings are from reservoirs and consist mainly of various cyprinids. Also in rivers, cyprinids and
breams dominate (Zubcov et al., 2013).

Hydropower generation from dams on the Dniester River is causing damage to spawning sites because
of daily fluctuations in water level. It also generates temperature variations which creates an
unfavourable environment for fish. As a result, fish resources in the middle sector of Dniester River are
now reduced by 94 percent, and the migration of juveniles from spawning sites has decreased by 84
percent (Zubcov et al., 2013).

REFERENCES

Zubcov, E., Curcubet, G., Biletchi, L., Domanciuc, V., Usatii, M., Barbaiani, L., Kovécs, E., Moth-Poulsen,
T. & Woynarovich, A. 2013. Review of fishery and aquaculture development potentials in the Republic of
Moldova. FAO Fisheries and Aquaculture Circular No. 1055/3. Rome. 93 pp.

116



242 NORTHERN EUROPE

T —n_? c
Denmark

B e & i Belarus) E‘
Inland ; ;
capture Per capita PEEETIERE Total FIShe?rlfrﬂltJ?flon
fishery Population inland airiglulel renewable 5
Country catch (2013) fishery catch inland surface water renewable surface
(tonnes) ka/cap/ ey (km3/yr) water
(2015) (kofcapiyr) catch y (tonnes/km?/yr)
Finland 29 476 5426 000 4.34 0.26 110 268
Sweden 10520 | 9571000 11 0.09 173 61
Estonia 2654 1287 000 2.26 0.02 12 225
Lithuania 1437 | 3017000 0.48 0.01 24 59
Norway 408 | 5043000 0.07 0.00 387 1
Latvia 226 | 2050000 0.15 0.00 35 7
Iceland 201 330 000 0.57 0.00 166 1
Denmark 174 | 5619000 0.03 0.00 4 47

The main aquatic resources of Northern Europe are found around the extensive glacial lake networks
that pervade the subregion. There are many short, steep rivers suitable for migratory salmonids,
although some of these have lost connectivity because of damming.

Finland

The catch of Northern Europe is dominated by the catch of Finland, which contributed 65 percent of
the subregion’s catch. Finland has a very large area of inland waters, which total 31 560 km? or 9.3
percent of the country's total land area. Finland still has a commercial lake fishery sector and the number
of registered inland commercial fishers is 849 (Penttinen cited in Salmi and Sipponen, 2016), and about
3 percent of the fishers are women. The majority of the catch is taken by the recreational fishery sector
that also catches fish for consumption (23 000 tonnes in 2014 according to Luke, 2016). Reported
catches declined between 1995 and 2008 but have stabilized since then.
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Sweden

Sweden reported 10 520 tonnes in 2015 and this is an increase over the 2012 catch of less than 3 000
tonnes. It is assumed that this rise is the result of an improvement in assessment of the inland fishery
catch.

Estonia

Estonia has 420 rivers of which ten are longer than 100 km. There are 1 200 lakes larger than 1 ha with
a total area of 2 115 km?. Most lakes are eutrophic although water quality is improving. The most
important waterbody is Lake Peipsi-Pihkva, which is shared and jointly managed with the Russian
Federation. It is the fourth largest lake in Europe (3558 km?) and it is a relatively shallow and
productive lake.

Estonia reported a catch of 2 654 tonnes in 2015. The level of species detail in the report is excellent
with almost all catch identified to species. The catches were dominated by perch (32 percent), bream
(30 percent), pike-perch (18 percent), roach (10 percent) and northern pike and river lamprey (2
percent). The remaining 22 species all contributed less than 1 percent to the landings (FishStatJ).

European smelt, which used to be a very important species in the past with 1 421 tonnes in 1998 has
now completely disappeared from the catches. A small-scale fishery in Lake Vortsjarv for European eel
relies on the stocking of elvers (Mitchell, Vanberg and Sipponen, 2012).

More than 90 percent of the catch comes from Lake Peipsi-Pihkva. According to the agreement with
the Russian Federation, 20 seine boats (Danish seines) can be used on the Estonian side. However, the
license holders own several boats that they rotate in use to make the most of their licences. Gillnets are
also widely employed especially when the lake is ice covered. Fyke nets are used during the ice-free
period (Vetemaa, Jarvalt, and Vaino, 1999).

The number of people employed in inland fisheries has increased since 1999 when Vetemaa Jarvalt,
and Vaino (1999) reported that 400 to 500 people were employed in inland fisheries to 963 in 2008
(Mitchell, Vanberg and Sipponen, 2012). The number of vessels was 350 in 2006 whereas the number
of permits was 291. This means that the licence holders used several boats and crews in rotation
(Vetemaa, Jérvalt, and Vaino, 1999; Mitchell, Vanberg and Sipponen, 2012).

Recreational fishery is important in Estonia, however very limited information about this subsector is
available.
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Lithuania

Lithuania is rich in waterbodies. Of the country’s 3 000 lakes, 2 827 are larger than 0.5 ha and 2 675
are large enough to support a commercial fishery. There are also 650 reservoirs and 1 589 ponds are
larger than 0.5 ha (874 km?). The largest waterbody, and the most important for fisheries is the
brackishwater Curonian lagoon, which is shared with the Russian Federation (413 km? or 26 percent
belong to Lithuania) (FAO, 2005; Mitchell, Vanberg and Sipponen, 2012). There are 30 000 rivers (of
which 733 are longer than 10 km), as well as streamlets, brooks and canals. The largest river is the
Nemunas and the Nemunas basin covers about 2/3 of the country. The Kaunas dam was built on the
Nemunas River for hydropower generation (FAO, 1997). Other basins are the Lielupe, the Venta and
the Daugava. The basins are shared with the neighboring countries (FAO, 2005; Mitchell, Vanberg and
Sipponen, 2012).

Lithuania reports inland catches very regularly to FAO. Landings were 1 437 tonnes in 2015. There is
no obvious trend in catches in recent years and they are usually about 1 500 tonnes. However, catches
are markedly lower than the highest catch of 5 970 tonnes in 1990. The degree of species detail is very
good with almost 100 percent of the catch assigned to species. In 2015 that catch was distributed among
some 18 species. The most abundant species in the catches were: silver bream — 494 tonnes (34 percent)
roach — 307 tonnes (21 percent); European smelt — 269 tonnes (19 percent); pike-perch — 106 tonnes
(7 percent); vimba bream — 57 tonnes (4 percent); European perch — 49 tonnes (3 percent) and vendace
— 43 tonnes (3 percent). Only 24 tonnes (2 percent) were reported as nei (FishStatJ).

The Curonian lagoon is the most significant inland fishing area. It is shared with the Russian Federation
and has a productivity of over 30 kg/ha and accounts for about 80 percent of all inland fish, and is fished
by about 75 companies. Ponds yield 100 to 150 tonnes per year, and rivers 150 to 170 tonnes, however
rivers are important as spawning and nursery grounds for many species (Mitchell, Vanberg and
Sipponen, 2012).

Inland fisheries constitute about 2 percent of total national landings and employ about 1 500 people, of
which 300 are part of commercial operations operating 200 vessels. As in many other countries,
recreational fishing is increasing in importance. There was an estimated 1 million recreational fishers
in Lithuania in 2004 (Aps, Sharp and Kutonova, 2004) out of a population of 3.3 million people.
Recreational fisheries are also very important for the tourist industry.

Overfishing of salmon and trout especially in the Curonian lagoon is significant, because of inter alia
large-scale unemployment leading to illegal fishing activities. In addition, aquatic habitats are severely
impacted by dams, polders, and reduction of natural spawning sites (Aps, Sharp and Kutonova, 2004).
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Norway

Norway has about 1 000 main rivers. The longest are the Glomma River (598 km), Tana River (360
km) and Numedalslagen River (337 km). There are 300 000 lakes with the largest being Mjgsa (368
km?), Femund (210 km?) and Regsvatn (201 km?). There are 11 major reservoirs, however many natural
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lakes have been impounded for hydropower generation which obscures the distinction between
reservoirs and natural lakes (Dill, 1990).

Total inland catch reported to FAO in 2015 was 408 tonnes. Since the first report to FAO in 1970,
landings have varied between 200 tonnes and 573 tonnes. The catches consist mostly of Atlantic salmon
(86 percent), but also sea trout (13 percent) and Arctic char (1 percent). Towards the end of the 1990s
Norway reported landings of 11 species, but these seem to have disappeared from the catches
(FishStatJ). However, Dill (1990) discusses the challenges with obtaining reliable data on inland catches
and indicates that official reports are serious underestimates. In 1980 for example the total yield of
Norway's inland fisheries was estimated to be about 5 000 tonnes (Swang cited by Dill, 1990),

Norwegian lakes and rivers are naturally oligotrophic with low productivity and most suitable for
salmonids, and Norway has more salmon rivers than any other country. Mjgsa has a yearly yield of 5
kg/ha consisting mostly of whitefish, but also of trout, pike, perch and burbot. The maximum
sustainable yield of Arctic char in a mountain lake of central Norway has been estimated as 7 kg/ha/year
(Jonsson cited by Dill, 1990).

Inland fisheries in Norway are dominated by recreational fisheries. However, netfishing (mainly
bagnets) is allowed in the rivers where fishing rights are privately owned, although they are banned
from estuaries (Dill, 1990). There are about ten private inland fisheries enterprises comprising 30 to 50
active commercial fishers (Mitchell, Vanberg and Sipponen, 2010).

Most salmon rivers are in a reasonably good shape in spite of hydroelectric development. This is partly
because of the construction of 300 fishways. However, access roads to new hydropower sites have
increased fishing pressure.

Eutrophication has in some cases (eg. Lake Mjgsa) led to excessive algal development in naturally
oligotrophic lakes, and there are serious problems with acidification of both lakes and streams
(particularly in Southern Norway) as a result of air pollution with sulphur and nitrogen oxides and this
is affecting the reproductive stages of fish (Wright and Snekvik cited by Dill, 1990). The fish farming
industry is a major source of organic waste. The fluke Gyrodactylus salaris caused severe losses of
salmon parr in the 1980s. Exotic species including pink salmon and brook trout (Salvelinus fontinalis)
are also potentially displacing native species (Dill, 1990).

The implementation of the European Union Water Framework Directive as of 2006 is expected to have
a positive impact on the environmental health of the inland waters and provide a coordinated approach
to monitoring procedures (Mitchell, Vanberg and Sipponen, 2012).
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Latvia

Latvia has 2 256 lakes larger than 1 ha corresponding to a total surface area of 1 000 km?. The largest
lakes are Lubana (82 km?), Razna (58 km?) and Engure (38 km?). There are 12 500 rivers, with a total
length of 60 000 km?, 17 of them are longer than 100 km including Daugava, Lielupe, Venta, Aiviekste,
and Gauja. There are 3 052 reservoirs including three major hydroelectric reservoirs, namely Kegums,
Plavinas and Riga with a total area of 102 km? (Riekstins 1999; Mitchell, Vanberg and Sipponen, 2012).
In 2015, Latvia reported landing 226 tonnes from inland fisheries. The fisheries have experienced an
almost continuous decline since 2000 (FishStatJ). However, inland fishing has never been of significant
scale since the country has only once reported landings over 600 tonnes (1 555 tonnes in 1988),
indicating perhaps a change in reporting or data collection after independence. For 2015, 12 species are
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reported among which the most important are bream (26 percent), river lamprey (17 percent), tench (15
percent), pike (12 percent) and pike-perch (10 percent) (FishStatJ). Recreational fisheries are increasing
in importance and although there are no statistics on catches these are probably of the same order of
magnitude as commercial catches (Riekstins, 1999).

More than one third of those employed in the fisheries sector work in commercial inland fisheries. In
2005 there were 1 262 people working in inland fisheries, however 89 percent fish only occasionally.
The level of employment has decreased dramatically in a short time as almost 3 500 people worked in
the sector until 2003. There are 139 fishing boats (Mitchell, Vanbeerg and Sipponen, 2012).

Commercial fishing takes place in 202 lakes, 154 reservoirs and 4 rivers. Most of the species are
cyprinids and are mostly caught in lakes. The only truly riverine species is the river lamprey, for which
there is a traditional fishery and the species is considered a delicacy (Riekstins, 1999). The fishery is
enhanced through restocking (Eurofish, undated). The important gears are gillnets, seines, and traps
(Riekstins, 1999). However, recently there has been a move towards prohibiting fishing with traps and
nets in many lakes and rivers, in favour of recreational fishery and angling.

Migratory species, including salmon, eel and lamprey, have decreased in abundance since the mid-
seventies probably as a result of damming, pollution and eutrophication (Riekstins, 1999).
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Iceland

The total area of inland water in Iceland is 2 750 km?. The source of the water is basically from melting
snow and ice. There are about 250 large and small rivers ranging from 60 km to 237 km in length.

The longest rivers are Thjorsa (237 km), Jokulsa & Fjollum (206 km), Olfusa-Hvita (185 km), and
Skjalfandafljét (178 km) (Dill, 1990). Iceland has about 1 800 waterbodies (Mitchell, Vanberg and
Sipponen, 2012), however they are mostly very small with only 15 larger than 10 km? and 68 between
1 and 10 km?. The largest is Lake Thingvallavatn with an area of 84 km2. Some lakes, including the
second largest Thorisvatn, have no fish at all (Dill, 1990).

The icelandic fish fauna is poor with only five indigenous species: Atlantic salmon (Salmo salar) which
ascends about 80 rivers up to 100 km; sea/brown trout (S. trutta) found in its resident form in any lake
with suitable spawning grounds and the anadromous variety in the southern and southwestern part of
the country; Arctic char (Salvelinus alpinus) occurs throughout the country in both a resident lake form
(including a pelagic variety) and an anadromous form; European eel (Anguilla anguilla) is found in
rivers; and threespine stickleback (Gasterosteus aculeatus) (Dill, 1990).

In 2015 total inland catches amounted to 201 tonnes. The highest catch reported was 907 tonnes in
1993. In 2015, only catches of Atlantic salmon was reported although in the past (up to 2013) also sea
trout and Arctic char contributed to landings (FishStatJ).

The inland fisheries for salmon, trout and char have traditionally been an important source of food for
the farmers, but increasingly serves as a source of income through renting fishing rights out to
recreational fishers and mainly tourists. In particular, the salmon fisheries are among the best (and most
expensive) in the world (Dill, 1990). Ninety percent of the total salmon catch in Iceland is caught by
recreational fishers. The largest remaining net fishery for salmon occurs in the Olfusa River where
angling opportunities are limited (Mitchell, Vanberg and Sipponen, 2012). Fifteen rivers produce 1 500
to 3500 rod-caught salmon per year and the best river, Lax4, produces 3 000 (some 15 tonnes).
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Sportfishing for trout and Arctic char is practiced in both rivers and lakes, whereas commercial fishing
for these species only takes place in three lakes (in 1978 Lake Thingvallavatn had an annual catch of
75 tonnes Arctic char). Lake Myvatn yields from 10 000 to 100 000 fish/year, an estimated catch of 20
tonnes/year, about 10 to 15 percent being trout, and the remainder being char (J6nasson cited by Dill,
1990). Winter fishing through the ice is practiced in some places (Dill, 1990).

Although a number of streams and natural lakes have been regulated, inland fisheries are still relatively
unaffected by hydropower.
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Denmark

Danish inland waters consist of about 30 000 km of streams (of which 3 970 km are fishable). Two
rivers are longer than 100 km, and five are longer than 60 km, the largest is Gudena which is 158 km
long with a basin of 2 700 km?. There are about 500 mostly small and shallow waterbodies with a total
area of 450 km?. The largest is Lake Arresg (41 km?) and the second largest Lake Esrom (17 km?) (Dill,
1990; Rasmussen and Geertz-Hansen, 2001). In addition there are a variety of semi-inland waters:
fjords, sheltered bays, estuaries, lagoons and creeks (Dill, 1990).

In 2015, 174 tonnes were landed. Catches have been increasing since 2008 when only 40 tonnes (the
lowest catch on record) were landed. The highest reported catch was 7 122 tonnes in 1968 however
there appears to be a problem with reporting since 97 percent of the catch at that time was rainbow
trout.

In 2015 catches were divided among 11 species, the dominating species were seatrout (42 percent),
European whitefish (19 percent), common dace (9 percent) and pike-perch (9 percent). Eel catches are
down to 14 tonnes, which is about 10 percent of the catches three to four decades ago (FishStatJ).

Fishing rights to streams and lakes in Denmark generally belong to the owner of the adjoining land.
The fishing rights to nearly all streams are privately owned. About 25 percent of lakes are owned by
the state, whereas about 75 percent are privately owned. About 50 percent of the former are available
for recreational fishing, and 40 percent are hired out to commercial fisheries or angling associations
(Dill, 1990; Rasmussen and Geertz-Hansen, 2001).

The main commercial inland fishing areas in Denmark include Lake Arresg and the estuaries of
Ringkebing Fjord, Nissum Fjord, Limfjord, Randers Fjord and Isefjorden/Roskilde Fjord. In 2007 there
was only one commercial inland fisher working full-time (on Lake Arresg). But part-time fishers are
operating in 20 to 30 other lakes and a few rivers (Mitchell, Vanber and Sipponen, 2012). To these
should be added stream and lake fishing by probably several thousand landowners for household use.
However, commercial fishing is declining in importance and the number of commercial fishermen in
Danish inland waters is expected to fall further in the future. Recreational fisheries are very popular in
Denmark, and streams, and to some extent lakes, are already fully exploited, and put-and-take fisheries
are increasingly popular (Rasmussen and Geertz-Hansen, 2001).

Virtually all streams and lakes are influenced by human activities. Many of the small lakes are highly
eutrophic, and the fish fauna is dominated by cyprinids with few predators, such as pike (Esox Lucius)
and pike-perch (Sander lucioperca). Most streams have been straightened and channelized and only
2 percent are physically unaltered. Numerous fish passes have been installed but are generally
considered to be ineffective. Several stream restoration projects have however been undertaken. Efforts
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are also being made to rebalance eutrophied lakes through manipulating the species composition
towards more predators (Rasmussen and Geertz-Hansen, 2001).
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Germany 21349 | 82727 000 0.19 0.19 153 139
Switzerland 2023 | 8078000 0.23 0.02 54 38
Netherlands 1904 | 16 759 000 0.11 0.02 91 21
France 1187 | 64291 000 0.02 0.01 209 6
United Kingdom 747 | 63384 000 0.04 0.01 146 5
Austria 350 | 8495000 0.04 0.00 78 5
Belgium 283 | 11104 000 0.03 0.00 18 15
Ireland 78 | 4627000 0.02 0.00 51 2
Andorra 0 79 000 0 0.00 n.a. n.a.
Channel Islands 0 n.a. n.a. 0.00 n.a. n.a.
Faroe Islands 0 49 000 0 0.00 n.a. n.a.
Liechtenstein 0 37 000 0 0.00 n.a. n.a.
Luxembourg 0 530 000 0 0.00 4 0

The main freshwater resources in Western Europe are the numerous rivers, some of which are large
such as the Rhine, the Rhone and the Loire Rivers. There are also some reservoirs and large lakes in
some countries. Most countries in Western Europe increasingly reserve their inland fish populations for
recreational purposes (see Chapter 8 in this publication), but commercial fisheries do exist (Winfield
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and Gerdeaux, 2016). In some countries, the catch may be eaten but in others there is a catch-and-return
policy. The catch is dominated by Germany, which still has significant commercial inland capture food
fisheries. Other Western European countries reported catches from less than 100 tonnes (Ireland) to just
over 2 000 tonnes (Switzerland). The trend in reported catch shows general declines for Germany,
France, the United Kingdom of Great Britain and Northern Ireland with low, but stable catches for the
Netherlands, Switzerland, Austria, Belgium and Ireland. Overall, the region’s catch has declined
consistently over the past 20 years with a 32 percent reduction from 40 836 tonnes (1995) to 27 921
tonnes in 2015.
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Germany

The Federal Republic of Germany has a total inland water area of about 8 453 km?2. There are many
lakes, mainly confined to the northern, eastern and southern parts of the country, but there are numerous
small, natural and artificial waterbodies scattered throughout the country. The inland water area in
Germany used for inland fisheries (including angling and aquaculture) is about 536 777 ha, of which
approximately 250 000 ha is used for commercial fishery on lakes and reservoirs (219 003 ha) and rivers
(26 349 ha).

There are commercial fisheries in almost all river estuaries (including Elbe, Weser, Ems, Eider,
Warnow, Peene and Schlei, Trave). Commercial river fisheries are locally significant, but not extensive.
Important commercial lake fisheries are the pre-alpine lakes in Bavaria, Lake Constance (Bodensee),
the lake region of Plon-Eutin in Schleswig-Holstein, the northeastern German lake region
(Mecklenburg-Pomerania), and lakes and rivers in Brandenburg and Berlin. The commercial fishery
targets eel, pike-perch and perch in the north and whitefish and perch in the pre-alpine region. A 1994
census returned a total of 587 inland fishing enterprises.

Germany is by far the largest producer in the region as there is still a significant commercial inland
capture fisheries for food. The trend between 1995 and 2015 is of continuous decline, from nearly
23 000 tonnes to 15 000 tonnes in 2010. This was followed by a period of stable catch and in 2015 a
significant increase back to 21 349 tonnes. This may be because of a re-estimation of the catch. The
commercial catch in 2007 was 3 031 tonnes, compared with the FAO estimated total inland fish catch
of 16 162 tonnes. The majority of fish caught are not specified, presumably because these catches come
from unmonitored fisheries (i.e. retained catch from recreational fishing).
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Switzerland

Switzerland has a total inland water area of about 1 740 km?. Lakes account for 1 422 km? of this and
the total length of rivers is about 30 000 km. Commercial fishing in Switzerland is in the form of
professional lake fishing and there were 349 professional fishers operating on lakes in Switzerland in
2004.The annual commercial catch in Switzerland’s lakes since 2000 has averaged about 1 500 tonnes
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(Mitchell, Vanberg and Sipponen, 2010). The rest of the country’s catch is from non-professional
fishing activities. In 2015, Switzerland's inland fish catch reported to FAO was 2 023 tonnes.
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Netherlands

Inland waters of the Netherlands occupy 3 574 km? and are comprised of Lake 1Jssel (2 000 km?) and
its marginal lakes (145 km?), delta lakes (230 km?), polder reservoirs (790 km?) and rivers (212
km?).The most important waterbody for commercial inland fishing is Lake 1Jssel. Other important areas
include lakes Veerse, Grevelingen, Lauwer and parts of rivers in the south (FAO, 2005). The
commercial inland catch in the Netherlands is about 2 450 tonnes (2006) with the majority of the value
derived from eel fishery. Decreasing populations of eel are impacting the professional inland fishery
with a decline of catches and yields. (Mitchell, Vanberg and Sipponen, 2010). The reported catch in
2015 was 1 904 tonnes (FishStatJ).
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France

France has a total area of inland waterbodies of 1 400 km?. There are five major river systems with a
total length of 270 650 km (Seine, Loire, Garonne, Rhdne and Rhine) and 60 000 ha of lakes and
approximately 100 000 ha of small lakes, ponds and marshes. Professional fishing in freshwater in
France is a traditional activity concentrated in the estuaries of the Loire, Gironde and Adour Rivers and
several alpine lakes. This accounts for about 60 percent of catch. The remaining 40 percent of catch is
from river fisheries that focus on migratory species in particular. The most important catch species are
eel, lamprey, shad, whitefish and perch. In 1997 there were 2 106 professional fishers operating in
French inland waters, although by 2009 this was only 532 (Mitchell, Vanberg and Sipponen, 2010).
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United Kingdom of Great Britain and Northern Ireland

The United Kingdom of Great Britain and Northern Ireland has a total inland water area of 3 218 km?
comprising 2 745 km2 of lakes (including reservoirs), 38 802 km of rivers and 3 700 km2 of estuaries.
Most of the country’s inland waters are exploited for recreational purposes, and there is little
commercial exploitation of inland waters other than eel fisheries and limited salmonid fisheries. The
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most important areas for professional inland fisheries in the United Kingdom of Great Britain and
Northern Ireland are Lough Neagh, Lough Erne, Lake Windermere, Lake Coniston, Severn Estuary,
River Foyle Estuary, Solway Estuary, estuaries off the northeast coast of England and estuaries off the
east, northeast and north coasts of Scotland (Aprahamian, 2007). Over 1 000 people are involved,
mostly part-time, in the migratory salmonid and eel net fisheries of England and Wales (2004 to 2009).
Increasingly, the government authority is buying out commercial licences, principally because of the
recognition of the greater value brought in by recreational fishing and the need to reduce the impact of
commercial fishing on this (Mitchell, Vanberg and Sipponen, 2010).
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Austria

In Austria, professional or commercial fisheries are located on Neusiedler See, lakes in the
Salzkammergut, some Carinthian lakes and Bodensee (Lake Constance). River fisheries have ceased
altogether with the exception of the Danube in Upper Austria, where fishing still provides added income
in a few locations. Inland fisheries in rivers are almost completely managed for recreational purposes.
Employment for commercial inland fisheries, including aquaculture, totals about 600, but less than 20
professional fishermen make a living from fishing. In 2004, it was reported that approximately 450
tonnes of fish were caught per year, the annual catch being balanced by stocking measures with
commercially produced fish (Mitchell, Vanberg and Sipponen, 2010).
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Belgium

The inland fishery in Belgium is practised mostly for recreation and occasionally for subsistence in
artificial fishing areas (private ponds, fishing grounds) and in the public hydrographic network of rivers
and canals. There are no significant commercial inland fisheries in Belgium (Mitchell, Vanberg and
Sipponen, 2010).
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Ireland

Ireland has a total area of 3 350 km? of inland waters, including freshwater lakes (1 445 km?) and main
channel rivers with a total length of about 13 840 km. Commercial inland fishing activity centres on
commercial net fishing of salmon and sea trout and the exploitation of eels. In 2004, catch comprised
of 431 tonnes of salmon and 124 tonnes of other species.
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Since 2007 there has been a complete ban on drift net fishing, which accounted for 65 percent of the
commercial salmon catch in Ireland. Between 2001 and 2007, declared commercial inland eel catch in
Ireland ranged from 86 to 120 tonnes, but the actual eel catch is estimated to be about 250 tonnes per
year (FAO, 2006; Mitchell, Vanberg and Sipponen, 2010). The catch reported to FAO in 2015 was only
78 tonnes.
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Southern Europe has a mixture of lake and river resources. Catches from the region have declined since
the mid-1980s and are stabilizing at about 13 377 tonnes in 2015. The principal producer is Spain, which
accounts for 45 percent of the total, followed by Italy with 28 percent, Albania with 11 percent, Greece
with 7 percent. FAO has estimated the catch of Spain since 1996, and of Italy since 2011, so these
figures may not be reliable and the apparent stabilization of catch in the subregion may reflect that the
FAOQO estimates are unchanging.

Spain

Spain's inland waterbodies cover 655 000 ha. There is a limited number of large natural lakes, but a
significant number of reservoirs and lagoons. There are about 72 000 km of permanent rivers (Ebro,
Tajo, Guadalquivir, Duero, Mifio and Guadiana). Spain’s inland fisheries subsector is concentrated
primarily in the rivers. Professional capture fishing in Spain’s inland waters is only practiced in certain

129



parts of the country (Mitchell, Vanberg and Sipponen, 2010). Catches have been estimated by FAO
since 1996.
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Italy

Italy has 7 230 km? of inland waterbodies, comprising lakes (2 045 km?), reservoirs (500 km?), lagoons
(1 500 km?) and principal rivers (7 782 km). Commercial inland fishing in Italy is limited to some lakes
and reservoirs and to a few reaches of the larger rivers. The number of authorized professional inland
(freshwater) fishermen was about 400 in 2004. The 3 825 tonnes of catch in 2005 comprised whitefish
and trout (21 percent), eel (2 percent), perch and pike (11 percent), bleak, carp and tench (10 percent),
big-scale sand smelt and other fish (56 percent). Commercial inland fishing is concentrated in relatively
small waterbodies and lacks appropriate resource management models. It increasingly depends on direct
restocking for fish recruitment. Inland waters suffer from pollution and habitat modification (Mitchell,
Vanberg and Sipponen, 2010).
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Albania

Fishing in lakes, agricultural reservoirs and lagoons in Albania is important to small family-based
groups of fishermen. Fishing activity in rivers is performed only in the Buna and Vjosa. Over 2 000
persons are employed in fishing activity in rivers, lakes, lagoons and agricultural reservoirs in Albania.
In 2006 the commercial catch from Albanian coastal lagoons was 282 tonnes, whereas the commercial
catch from other Albanian inland waters was 2 078 tonnes. The recreational fisheries sector is
insignificant (Mitchell, Vanberg and Sipponen, 2010).
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Greece

Greece has inland water resources of 3 060 km?2. There are 14 artificial lakes occupying 26 000 ha.
There are about 400 wetlands and nine rivers with a length of over 100 km. The main lakes are located
in the centre and north of Greece, and most of the estimated 70 lagoon capture fisheries are in the
Messalonghi region of Central Greece. In 2003 there were 919 people employed in commercial fishing.
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In 1996 approximately 57 percent of the inland catch volume came from coastal lagoons with the main
species caught being sea-bream, sea-bass, eel, mullet, white bream and sole (Mitchell, Vanberg and
Sipponen, 2010). These are classified as marine capture catch and not inland catch therefore it is not
reflected in the statistics provided by FAO. The actual inland fishery catch of freshwater species in 2015
was only 940 tonnes.
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Croatia

Croatia has 620 km? of inland waterbodies and 21 000 km of rivers and creeks. Commercial inland
fishing in Croatia is confined to the Danube River and lower parts of the Sava River. Professional
fishing is not allowed in lakes, reservoirs or estuaries. The total number of commercial inland fishers
with licences is about 30 (2004). Common carp, cyprinid species, catfish, pike and pike-perch are the
most important catch species of commercial inland fisheries. In 2004 commercial inland catches in
Croatiatotalled 46 tonnes (Mitchell, Vanberg and Sipponen, 2010). In 2015, this had reached 444 tonnes
although it is unclear if this represents the catch from both commercial and non-commercial
(recreational retained catch) fishing activities.
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The former Republic of Macedonia

The former Republic of Macedonia has no direct access to the sea for marine fishing. Inland fishing
occurs on Lake Ohrid, Lake Prespa, and the Vardar River. FAO estimates total catch at 350 tonnes
(2015).

Bosnia and Herzegovina

Quantitative information is unavailable on inland fisheries. Inland waterbodies occupy 470 km?.
Professional inland fisheries are carried out in the River Sava, but there are no professional fisheries in
lakes, reservoirs or estuaries. FAO estimates total catch at 300 tonnes (2015).
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2.5 THE AMERICAN CONTINENT

Inland capture Fish prod_uction Percentage Pgr capita Number

. fishery catch per unit of of global inland Number of | o ot

Subregion (tornes) renewable inland fishery inland Rl
surface water fisr::rarr]:atch catch fishers
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South America 362 481 20 3.2 0.90 414 335 n.a.

Central America 156 345 148 14 0.73 102 484 n.a.

North America 47 356 8 0.4 0.15 5000 n.a.

Islands 4 333 57 0.0 0.09 2 505 n.a.

TOTAL 570 515 233 5.0 0.57 524 324 n.a.

The America continent is divided into four subregions that are classified by state of development as
much as geographical affiliation. The South American group includes 13 countries (Brazil, Peru,
Venezuela (Bolivarian Republic of), Argentina, Colombia, Paraguay, Bolivia (Plurinational State of),
Uruguay, Guyana, Suriname, Ecuador, Chile and French Guyana).

The Central American group includes (Mexico, Guatemala, Costa Rica, Nicaragua, El Salvador,
Panama, Honduras, Belize).

Mexico, which spans both the North and Central American subregions is included in the Central
American grouping because of socio-economic similarities and the continued importance of freshwater
fisheries as a source of food catch rather than recreational purposes.

The North American grouping is comprised of Canada and the United States of America.

There are five American islands that report inland fish catch (Cuba, Dominican Republic, Jamaica,
Haiti, Falkland Islands (Malvinas).
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Brazil 225000 | 200 362 000 1.19 1.96 8 647 26
Peru 37 499 30 376 000 0.9 0.33 1880 20
Venezuela
(Bolivarian 33654 30 405 000 1.4 0.29 1303 26
Republic of)
Argentina 18 885 41 446 000 0.3 0.16 860 22
Colombia 18 554 48 321 000 0.37 0.16 2 360 8
Paraguay 17 000 6 802 000 25 0.15 388 44
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Inland

capture Per capita | Percentage Total Fish proquction
fisFt)wer Population Inland of global renewable per unit of
Country catchy (pZOls) fishery inland surface renewable
i) catch fishery water surface water
(2015) (kg/caplyr) catch (km®/yr) (tonnes/km3/yr)
Bolivia
(Plurinational 7 000 10 671 000 0.67 0.06 548 13
State of)
Uruguay 3434 3407 000 0.61 0.03 172 20
Guyana 700 800 000 1 0.01 271 3
Suriname 650 539 000 1.21 0.01 99 7
Ecuador 105 15 738 000 0.01 0.00 432 0
Chile 0 17 620 000 0 0.00 923 0
French Guyana 0 249 000 0 0.00 n.a.

South America represents the most fluvial continent of the world and contains 22 percent of global
inland waters (Lymer et al., 2016). It is characterized by several major river basins most of which are
shared between several countries, including the Amazon (Bolivia (Plurinational State of), Brazil,
Colombia, Ecuador, Guyana, Peru, and Venezuela (Bolivarian Republic of)), Orinoco (Colombia and
Venezuela (Bolivarian Republic of)) and the Plata River (Argentina, Bolivia (Plurinational State of),
Brazil, Paraguay and Uruguay) and their tributaries. Other relevant basins are the Tocantins and S&o
Francisco Rivers (Brazil), the Magdalena (Colombia) and the Essequibo River (Guyana and Venezuela
(Bolivarian Republic of)). All these rivers flow to the Atlantic Ocean, are long and include both
extensive rithronic and potamic areas.

The rivers are traditionally divided into black, clear and white water rivers, of which black and clear
water rivers are nutrient poor and have low productivity (Sioli, 1968). Some of the main rivers form
important inner deltas (Orinoco and Parand), or external ones (Amazon and Magdalena), and are
characterized by a high sediment load. Rivers draining to the west and the Pacific, because of the
presence of the Andes range, generally are rather short, torrential, deep, mountain streams. These have
high sediment loads that may lead to the formation of deltas. In the dry southern part, many rivers
become seasonal and some basins are endorheic.

Major natural lakes are found in the mountain ranges, many of which are endorheic systems. The largest
is the Lake Titicaca (shared between Peru and Bolivia (Plurinational State of)), which with an area of
8 400 km?, is considered the largest mountain lake in the world (Llames and Zagarese, 2009). Other
lakes are found throughout the Altiplano and these are mostly of much smaller size. Many of these lakes
are severely threatened by the drier and warmer climate that has been observed in recent years, including
the Lake Poopd, the second largest Bolivian lake, previously reaching an area of at least 2 492 km? and
constituting an important fishing ground, which has now almost dried up completely (Satgé et al.,
2017). Floodplain lakes are important features of all the major river basins whereas true lakes are very
rare in the lowlands. There are a number of large reservoirs on some of these rivers and their tributaries
as a result of hydropower dam construction.

The inland fishery catch of South America (362 482 tonnes in 2015) represents 3.2 percent of the global
total, although administrators and researchers have admitted that estimates of catch levels are low, as
there is a general failure to report any but the most significant landings from the main commercial
markets (FAO, 2011). The catch of commercial fisheries of some major tributaries is not recorded and
the artisanal and subsistence sectors are almost certainly excluded from most government estimates.
Catch from these unreported fisheries may be considerable, especially among poorer riparian
populations, however, the population densities and likely number of fishers must also be taken in to
account before assuming that the hidden catch is substantially greater than that reported. FAO (2016)
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compiled information showing that at least 459 555 people are working in inland fisheries in nine South
American countries, which points to a substantially higher catch.

South America exhibits the second largest theoretical capture after Asia, with 14.4 million tonnes,
mostly derived from floodplains areas (Lymer et al., 2016). Compared to other continents, the South
American continent shows the most productive fisheries yield for reservoirs (112 kg/ha/year) and
floodplains (182 kg/ha/year). In addition, the South American continent has the second largest potential
in the world for hydroelectricity behind Asia and contains 20 percent of the world’s hydropower
potential (Wolf, 2007). In this context, South America includes some of the highest dams and the largest
reservoirs, most of them located in the Parand River basin (Agostinho et al., 2008). Some information
from consumption studies certainly indicates that the hidden catch may be substantially more than
reported for some countries (e.g. the Plurinational State of Bolivia, Colombia) although for several
others (Brazil, Venezuela (Bolivarian Republic of) ) this is not necessarily the case (Fluet-Chouinard,
Funge-Smith and Mclntyre, 2018).

It has been pointed out that overall landings from Latin American inland fisheries is extremely low
compared to Africa and Asia, given the amount of water resources available. There may be several
reasons for this including low levels of fish consumption, preference for large fish species, relatively
low population densities and thus comparatively low exploitation intensity, and possible differences in
the nature of the fish communities.
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Brazil

Brazil represents the most fluvial country in the world with several large basins of great importance for
fisheries. The most prominent is that of the Amazon River that extends 2 800 km from the tri-national
border Peru — Brazil — Bolivia (Plurinational State of) to where it flows into the Atlantic Ocean covering
a total area of 3.9 million km?, followed in importance by the Parana River basin with an area of 891 000
km?, the Tocantins basin covering 757 000 km?, the S&o Francisco basin with 634 000 km?, the Paraguay
basin with 369 000 km? (including the Pantanal wetland shared with Bolivia (Plurinational State of) and
Paraguay) and the Uruguay basin covering 178 000 km?

Agostinho, Gomez and Pelicice (2007) estimate about 600 large reservoirs in the country and Paiva et
al. (cited by Agostinho, Gomez and Pelicice, 2007) mention that there are at least 60 000 small
reservoirs in the northeastern region alone. The total area flooded by reservoirs in Brazil is more than
35 200 km? (Agostinho, Gomez and Pelicice 2007).

The most recent fisheries statistics reported to FAO showed total landings of 235 527 tonnes from
inland water for 2014, and an estimated catch of 225 000 tonnes in 2015, making it the thirteenth largest
in the world. Catches have fluctuated over the years, but appear to be in a period of decline since 2008
when the highest catch of 261 280 tonnes was reported (FishStatJ). Considering the amount of waters
available, catches appear to be very low or potentially seriously under-reported. FAO (1983), for
example, estimated the country’s fisheries potential to 700 000 tonnes, which still appears to be very
conservative. Paiva (1976) estimated the fisheries potential of the 46 largest reservoirs in Brazil to be
about 123 091 tonnes/year. In the public reservoirs of the northeast, potential capture was estimated at
130 000 tonnes/year (Paiva, 1983).

Brazil has made impressive progress with respect to the level of detail in their statistics and is now
reporting more than 50 percent of the catch at the species level (more than 30 species) and another 27
percent of the landings at the generic level (FishStatJ).

The Amazon is the most productive basin with average annual landings of 141 000 tonnes divided
among about 40 commercial species. This reported volume has been fairly stable for several decades,
and corresponds to more than half of inland landings and about a third of overall fish catches in the
country (Ruffino, 2016). The most important species are the large migratory pimelodid catfishes and
Characiformes particularly prochilodontids (Barthem and Goulding, 2007).

In the Paraguay basin average commercial catches in 2010 to 2015 were about 28 700 tonnes, of which
the pimelodids Pseudplatystoma corruscans (32 percent) and Pseudoplatystoma reticulatum (23
percent) are the dominant species (Ruffino and Baigun, in press).

The Brazilian Pantanal is shared between the two states Mato Grosso and Mato Grosso do Sul. In 1983,
an estimated 7 505 tonnes were landed in the Pantanal, of which 2 069 tonnes came from Mato Grosso
do Sul. However, commercial (artisanal) fisheries have now been severely restricted in the latter state
and artisanal fishers have largely been pushed out by recreational fishers of which there are about ten
times as many, and it is believed that the latter are responsible for more than 80 percent of the total
catch (Resende, 2003). Commercial fishing is still prevalent in Mato Grosso state, but there are no
recent estimates of catch volumes.

The Parand basin is characterized by the presence of numerous dams. Petrere et al. (2007) reported that
the Parana basin is the most intensively dammed in South America, and that 70 percent of Brazilian
reservoirs are concentrated here. Agostinho, Gomez and Pelicice (2007) provides quantitative data on
landings in nine major reservoirs in the Parana basin with a total annual yield of 2 447 tonnes of which
60 percent comes from the Itaipu.

However, the fisheries in the free-flowing parts of the rivers in the basin appear to be unassessed.

In spite of the size of the basin, it is hard to find any quantitative data on the landings from the Sé&o
Francisco River. Menezes (cited by Ziesler and Ardizzone, 1979) mentions an annual catch of 4 980 to
5 304 tonnes in the period 1966 to 1968 before the big dams were built. At that time a potential yield
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of 18 000 tonnes was estimated (Ziesler and Ardizzone, 1979). The Sao Francisco River fishery has
been severely impacted by the construction of several major dams. In the 1980s the basin supported
about 25 000 professional fishermen, however, that number has decreased significantly since then. In
the 1970s, catch per unit effort (CPUE) was about 25 kg/fisherman/day, whereas in the 1980s it was
reduced to about 11 kg/fisherman/day in the central segment. The Sobradinho dam yielded 24 000
tonnes when catch peaked in 1980 but later catches declined to 3 000 tonnes. The Tres Marias and Paulo
Alfonso dams yield about 500 tonnes and the Itaparica 4 000 tonnes.

Using the household consumption model, Fluet-Chouinard, Funge-Smith & Mclntyre. (2018) reach an
estimated national catch for 2008/2009 of only 171 783 tonnes (range 141 308 to 201 280 tonnes). This
is based on the fish consumption figures of the household survey, which averages 8.7 kg/capita per year.

According to FAO (2016), apparent national fish consumption was 9.6 kg/cap/year in 2015. The
Brazilian government puts consumption at 14 or 15 kg/capita/year (Government of Brazil, 2017), which
is still below the global average of about 20 kg/capita/year.

Generally people in the Amazon eat between 30 and 150 kg/person per year with major differences
between urban and rural areas (with respectively lower and higher consumption rates). Near the border
with Colombia, Fabré and Alonso (1998) found people who eat up to 0.8 kg fish per person per day or
almost 300 kg/person/year. Isaac and Almeida (2011) reviewed fish consumption studies in the
Brazilian Amazon basin and extrapolated the findings to the entire region and concluded that annual
consumption could be approximately 575 000 tonnes of Amazonian fish in Brazil.

For the Parana basin, data on fish consumption are scarce. Available data indicate that 50 to 60 percent
of the catches are eaten (Resende, 2003). Data from Pantanal show that children eat fish 4.6 to 7.8 times
per week (Tavares et al., 2005) and Ceccatto et al. (2015) state that consumption among children,
women of childbearing age and the rest of the population is respectively 51.1, 62.1 and 73.0 kg/person
per year, however the authors do not account for how they arrived at these numbers.

Ruffino (2016) provides a consumption figure of 15 kg/capita/year for the eastern Atlantic basin and 5
kg/capita/year for the northeastern Atlantic part. The strong differences in freshwater fish consumption
highlight that some communities have a strong fish eating tradition and arguably food security
dependence on freshwater fish. This also highlights the variation that is often found in large countries,
emphasizing that national catch figures and average (or apparent) fish consumption can be quite
misleading with regard to local dependence and food security.

Sport fishing is an economically important activity and of growing significance both in terms of
potential impacts on the resources, value generated, and competition with the artisanal fisheries for
access and resources. In the upper Paraguay sector (Pantanal), sportfishing duplicates the volume
captured by the artisanal fishery. Regulations in favour of recreational fisheries have resulted in
significant declines in landings from almost 1 200 tonnes annually in 1998 to about 200 tonnes since
2007. In the Parana basin, sport/recreational fishery is mostly practiced in reservoirs where Cichla sp.
is the main captured species. In this basin the activity represents a movement of USD 305 million to
USD 570 million per year, supporting the livelihoods of 4 000 people (Freire et al., 2012, 2016).

Ornamental fishing appears as the third economic activity in the Amazon basin representing an
important source of work for 10 000 people (Chao, 1993) and involving 60 species (Beltrdo dos Anjos
et al., 2009). Between 2002 and 2005 about 100 million ornamental fish were exported representing
USD 9.6 millions and USD 1.5 million revenue for local markets.
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Peru

The surface water resources of Peru can be divided in three main areas: coastal; Amazon basin; and
montane (Autoridad Nacional del Agua, 2016).

The Pacific coastal region which has an area of 283 600 km? includes 22 percent of the territory of Peru
and 62 basins with short rivers that often run dry during part of the year. There are also 3 896 mainly
small lakes and lagoons in the Pacific coastal region. The Amazon basin has 84 river basins and 7 441
waterbodies. The area of the Amazon basin is 952 800 km?, corresponding to 74 percent of the territory
of Peru, and can be further divided into the highland and the lower jungle. The high Andes borders
Bolivia (Plurinational State of) and shares with that country Lake Titicaca. Lake Titicaca itself has an
area of about 8 300 km? of which 60 percent belongs to Peru. There are 13 river basins and 864 lakes
in the montane area of the country.

Reported inland catches reached 37 499 tonnes in 2015, some 12 817 tonnes or 52 percent more than
in 2014 when the landings were the smallest in 33 years (FAO FishStat], 2017). This figure for 2015 is
slightly different from the 38 567 tonnes reported by Ministerio de la Produccidon (2016), which includes
1 817 tonnes from the highlands and 36 750 from the Amazon.

According to FishStatJ, fish landings peaked in 1995 with 54 175 tonnes, and has since experienced big
fluctuations around a mean of 38 878 tonnes with a minimum of 24 882 tonnes in 2008. Using the
household consumption model, Fluet-Chouinard, Funge-Smith and Mclintyre (2018) reach an estimated
national catch for 2003/2004 of 38 475 tonnes (range 29 781 tonnes to 48 894 tonnes). This is in
excellent agreement with the reported figures above. It indicates that inland fisheries contribute 1.4 kg
to per capita consumption of fish, but this in fact is far more concentrated in the Amazonian region of
the country, so it would be relatively higher here.

The most important species (FAO FishStat)) in terms of volume is the netted prochilod (Prochilodus
reticulatus) with almost one third of the landings. However, 60 percent of the volume is not identified
and reported as nei. Much more detail is provided by Ministerio de la Produccién (2016), which
(reporting on 28 species) states that following the netted prochilod in importance are palometa, trahira
(Hoplias malabaricus), and zungaro catfish.

The rivers of the Pacific sustain local fisheries for native species, but it is mainly for own or local
consumption (Ortega et al., 2012). The main resource in these rivers is freshwater shrimps (FAO, 1983).
Because of the ephemeral nature of many of these rivers, fishing is probably a seasonal or occasional
practice and there are no quantitative estimates of the volumes of fish and crustaceans landed.

The lowland fisheries are commercial artisanal activities and take place in the main rivers. The majority
of the commercial fish is landed in the Department of Loreto where some 28 000 tonnes of fish, or 75
percent of total landings from inland fisheries at the national level was landed in 2015. Catches here
were much lower in 2014, probably because of drought and flooding. The most important fisheries are
concentrated in the vicinity of urban centres such as Puerto Maldonado, Pucallpa and Iquitos (Ortega
etal., 2012).

Bayley (in Tello and Bayley, 2001) estimated the total catch in the Peruvian Amazon at 80 000 tonnes,
of which 25 percent (20 000 tonnes) was from commercial fisheries and the rest from subsistence
fisheries. These subsistence catches do not appear to have ever been fully included in official statistics.
There have not been any more recent assessments done, however, commercial catches have remained
at similar levels since the work of Bayley, and there is no reason to believe that the contribution by
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subsistence fishing is any different. FAO (1983) estimated a catch potential of 340 000 tonnes of the
lowland Amazon in Peru.

The most important fisheries product in the mountains is currently the freshwater shrimps with a landed
volume of more than 1000 tonnes (Ministerio de la Produccion, 2016). However, previously
Argentinian silverside (Odontesthes bonariensis) was very important with annual landings of up to
4 350 tonnes (1990) and for the period 1981 to 2010 a total of 46 178 tonnes of Argentinian silverside
was landed corresponding to 43.4 percent of the total volume of finfish (Chura Cruz, 2012). In 2015
only 216 tonnes were caught (Ministerio de la Produccién, 2016).

The 2013 inland fisheries census found 31 616 inland fishers (INEI, 2014) compared to 56 559 artisanal
fishers in the marine environment (Medicina Di Paolo, 2014). The number of fishers around Lakes
Titicaca, and Arapa and Umayo Lagoons in 2006 was 1 734 (Segura et al. cited by Chura Cruz, 2012).

Bayley and Petrere (1989) in their review found that the consumption of fish in the Amazon basin was
up to 101 kg/capita/year in the lowlands and between 7 and 14 kg/capita/year in upland areas. Maco
(cited by Canas et al., in press) found consumption levels of 180 kg fish per person per year in
Saramiriza in the Loreto Department and 110 kg/capita/year in the Tahuayo basin.

Chura Cruz (2012) states that 95 percent of the catches from Lake Titicaca is consumed in the Puno
region and in the area near Bolivia (Plurinational State of).

Fishing for ornamental fish is a major source of employment. Gertsner et al. (2005) stated that 3 000
families find employment in ornamental fisheries and that it benefits 100 000 people. In the period 2000
to 2010 between 5.8 million and 11.5 million fishes were extracted annually for ornamental purposes
(Garcia et al. cited by Cafias et al., in press).
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Venezuela (Bolivarian Republic of)

The dominant feature among the surface water resources in Venezuela (Bolivarian Republic of) is the
Orinoco River. The river mainstream is mostly located in Venezuela (Bolivarian Republic of) although
it serves as a border with Colombia in parts of the Upper basin. The basin has an area of 1.1 million
km? of which about 70 percent is in Venezuela (Bolivarian Republic of) and 30 percent in Colombia.
The river has the third largest annual discharge of any river in the world, and the middle and lower
sections of the basin include 97 000 km? of floodplains in Venezuela (Bolivarian Republic of) (Hamilton
and Lewis, 1990). Along the 600 km from the confluence with the Meta to the delta, the Orinoco
mainstream has a 7 000 km? fringing floodplains with 2 300 floodplain lakes (mean lake area 20 ha).
When flooding is at its maximum, 79 percent of the floodplain is flooded forest (Hamilton and Lewis,
1990). In the Apure sub-basin an enormous internal delta of 70 000 km? is found (Welcomme, 1979).
However, Lewis (1988) points out that only 4 920 km? are connected with the river and the rest is filled
with rainwater. In the Orinoco delta there is a 20 000 km? floodplain (Welcomme, 1979).

In the southern part of the country an area of 53 000 km? is part of the Amazon basin (Lasso Alcala,
2011).

Among the lakes, the most important is Lake Maracaibo and its basin. The lake, which is actually a
giant brackishwater lagoon connected to the Caribbean Sea, has an area of 12 000 km? and its basin
covers 90 000 km? of which 85 percent is in Venezuela (Bolivarian Republic of) (Ziesler and Ardizzone,
1979) and 135 permanent rivers end in the lake (Cressa et al., 1993). The endorheic Lake Valencia has
an area of 350 km? and its basin, which includes many smaller rivers, covers 3 140 km? (Ziesler and
Ardizzone, 1979).

According to Minea (undated), there are 108 reservoirs in the country; a total area is not provided, but
Petrere (1996) mentioned that 82 reservoirs in 1990 inundated 7 000 km?. The Guri dam, which was
constructed on the blackwater Caroni River, is the largest with an area of 4 250 km? (Cressa et al.,
1993). Cressa et al. (1993) also make reference to a large number of coastal lagoons along the Caribbean
coast.

According to FishStatJ, fish landings peaked in 1995 with 54 175 tonnes, and have since experienced
big fluctuations around a mean of 38 878 tonnes with a minimum of 24 882 tonnes in 2008. Official
data only appears to include Orinoco catches where most inland fish is landed. Using the household
consumption model, Fluet-Chouinard, Funge-Smith and Mclntyre (2018) reach an estimated national
catch for 2004/2005 of only 43 354 tonnes (range 39 320 to 47 748 tonnes). This is in very good
agreement with the reported figures.

The Orinoco basin has an extraordinary species richness with about 1 000 fish species recorded, of
which 60 have importance in commercial and subsistence fisheries. However, there is very limited
species data available in FishStatJ] for Venezuela (Bolivarian Republic of), and it does not allow for any
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analysis of trends. Nevertheless, Machado-Allison and Bottini (2010) and Machado-Allison (2013)
present information and analysis of the official catch data by INSOPESCA for the Orinoco from 1996
to 2011. They arrive at the conclusion that there is a negative trend where catches have declined by 40
to 50 percent and with some of the key commercial species of catfish even disappearing. Landings of
the pimelodid catfish Pseudoplatystoma orinocense in 1996 was for example 8 815 tonnes, whereas in
2011 only 1537 tonnes were landed (a decrease of 80 percent). The commercial fishery for
prochilodontids, species that historically migrated massively into the main tributaries and onto the
llanos floodplains where they formed the basis for the largest commercial inland fishery in the country,
is now limited to the lower portions of the tributaries (Duque, Taphorn and Winemiller, 1998). The
decline is happening in spite of efforts by the government to strengthen the fisheries sector through loan
facilities for engines and fishing gear etc. (Machado-Allison and Botini, in press).

Although there is no conclusive evidence for the reasons behind the decline in catches, it seems that it
may be a mixture of overexploitation, environmental degradation and blockage of migration routes
because of dike and dam construction. Agricultural development has led to extensive deforestation and
the resulting erosion has led to increased sediment loads of the rivers draining the Andes. The drier
climate and the reduced flows have allowed fishers to completely fish out smaller streams (Rodriguez
et al., 2007). The palambra (Brycon whitei), a migratory characid, has suffered decline in abundance
because of dams and other human impacts (Lilyestrom and Taphorn, 1983).

In the Orinoco delta, CPUE has actually increased in the last 35 years, however the large predators have
disappeared or are caught at a much smaller size, and smaller detritivores and herbivores are more
abundant (Rodriguez et al., 2007).

There is no recent data for other courses or waterbodies in the country, although they may be potentially
significant. Ziesler and Ardizzone (1979) for example mention that between 9 800 and 17 195 tonnes
were landed annually in Lake Maracaibo between 1973 and 1977 and FAO (1983) provides a landing
volume of 25 000 tonnes for the same waterbody in 1970.

FAO (1983) estimated that the fisheries potential for the country was 190 000 tonnes for inland
fisheries. However, Petrere (2009) felt that the Orinoco basin with its vast floodplains could have a
fisheries potential of 164 900 to 582 000 tonnes per year. Curra (cited by Cressa et al., 1993) indicated
a potential of 13500 and 9 300 tonnes of zooplanktivorous fish in the lagoons Unare and Piritu,
respectively. Cressa et al. (1993) suggest that reservoirs in the country may have a fisheries potential
of 30 000 tonnes per year. However, Novoa and Ramos (cited by Cressa et al., 1993) give a potential
of 30 000 tonnes to 40 000 tonnes for the Guri reservoir alone, which appears optimistic considering
the trophic status of the waters.

Based on a review of consumption studies, Lasso Alcala (2011) concludes that indigenous people in
the Venezuelan Amazon catch at least 367 tonnes of fish each year from subsistence fishing activities.

In the Upper Orinoco and the Amazon basin fishing is mainly for subsistence among indigenous people
and local trade in the villages and towns in the region. However, in this part of the country there are
also important ornamental fisheries and sportfishing. Most sportfishing in Venezuela (Bolivarian
Republic of) centres on the peacock bass (Cichla spp.), which is highly sensitive to overharvesting. In
areas with good access for anglers and net fishers, the populations of this species are soon decimated
such as happened in the Aguaro River and Las Majaguas reservoir where illegal fishing destroyed the
stocks in just ten years. Another important sportsfish, the saltador (Salminus hilarii), a predatory
characid, once common in rivers of the Andean piedmont, has now been nearly eliminated by
overfishing, deforestation and siltation, and dam construction (Winemiller, Marrero and Taphorn,
1996).
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Colombia

About 26 percent of Colombia’s land area is regularly flooded (Jaramillo et al., 2015). The country can
be divided in four watersheds: Caribbean (373 904 km?), Pacific (77 299 km?), Amazon basin (341 994
km?) and Orinoco basin (347 208 km?) (Jaramillo et al., 2015, Jiménez-Segura et al., in press) and more
than 700 000 micro basins are found in the country (OECD, 2016). With the exception of the rivers in
the Pacific catchment, the Colombian rivers have extensive floodplains with lakes that are important as
nursery areas for commercial fish species (Jiménez-Segura et al., in press). There are about 1 015
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floodplain lakes (ciénagas) (3 976 km?), 1 277 lagoons (1 836 km?), 1 065 mountain (paramo) lagoons
(68 km?), 234 swamps (1 654 km?) and 28 reservoirs (5 186 km?) (IDEAM, 2010 and 2014).

Historically, the Magdalena basin has been the main contributor accounting for 30 to 90 percent of
inland catch. However, over the last 50 years, catches in this basin have declined 97 percent or from 72
000 tonnes per year to just 2 400 tonnes now (Jiménez-Segura et al., in press). In 2010 landings were
still 39 040 tonnes (Valderrama, 2015). Kapetsky (1978) established a fisheries potential of 80 000
tonnes to 120 000 tonnes/year for the Magdalena basin with an optimal level of extraction of 65 000
tonnes. The Magdalena basin is densely populated and is home to 80 percent of the population. It is
considered that the decline stems from habitat degradation and fragmentation in synergy with pollution
and species introductions (Barletta et al., 2016).

The southernmost Colombian city of Leticia in the heart of the Amazon is the regional centre for the
fish trade, particularly of large catfish. It also receives landings from neighbouring Peru and especially
Brazil. From Leticia, fish are transported by plane to Bogota, where demand is high. In 1993,
commercial catches exceeded 13 500 tonnes (Anzola-Potes 1995 in Diaz-Sarmiento and Alvarez-Leén,
2004). In the decade 2004 and 2013 a total of 56 165 tonnes of fish was landed, consisting mainly of
pimelodid catfishes (MADR and FAO, 2015). This data only includes commercial catches, and is
basically based on records from packing plants and ports. It is considered that the commercial catches
are likely to be under-reported (Diaz-Sarmiento and Alvarez-Le6n, 2004). Sirén (in preparation)
estimates that commercial landings in recent years are abount 4 000 tonnes including fish from the
neighboring countries (mainly Brazil).

The population in the region was 960 239 people in 2005 of which about 9 percent are indigenous
people (DANE cited by SIAT-AC, undated) who traditionally consume large amounts of fish. Prieto-
Piraquive (2006), studying consumption patterns in an indigenous community La Playa near Leticia,
found that people eat from 200 g to 700 g of fish/capita/day depending on the season and the average
was 450 g/day (164 kg/yr). Sirén (in preparation) estimates some 12 000 tonnes from subsistence
fisheries in the Colombia Amazon or about three times more than from commercial fisheries.

The Orinoco basin contributes 6 to 22 percent of national inland catch. According to available statistics,
catches declined from 7 742 tonnes in 1995 to 1 024 tonnes in 2009 (Ramirez-Gil and Ajiaco-Martinez,
2011). However, the statistics obtained from 1999 to 2005 are not directly comparable to those of 2006
to 2011, because of a change in the data collection. In the latter period, catches varied between 1 062
and 1 436 tonnes (Jiménez-Segura et al., in press). About 30 percent of the Orinoco basin is situated in
Colombia, the remainder in Venezuela (Bolivarian Republic of), and considering that the Venezuelan
catch is up to about 50 000 tonnes per year (see statistics cited earlier for Venezuela (Bolivarian
Republic of)), Machado-Allison (2016) indicates an annual catch of 25 000 tonnes in the Colombian
Orinoco, however he does not provide any source for this information. FAO (1983) suggests that the
potential catch from the Orinoco system would be 10 000 tonnes. There are about 2 458 fishermen in
the Colombian Orinoco and CPUE ranges from 5.7 to 60.0 kg/canoe per day (Ramirez-Gil and Ajiaco-
Martinez, 2011).

The other Caribbean river basins Sin( and Atrato also have important fisheries, but like the Magdalena
have suffered serious declines. In 1989, 2 000 tonnes of fish were landed in Sinu whereas in 2009 this
was down to 242 tonnes (Jiménez-Segura et al., in press). The Middle Atrato River produced 5 000
tonnes in 2001 and 1 600 tonnes came out of the floodplains (Gutiérrez-Bonilla, Rivas-Lara and Rincon-
Lépez, 2011).

The riverine fisheries are mainly targeting potamodromous fish species, eg. pimelodid catfishes and
prochilodontids, and in the Pacific and Caribbean also several species of diadromous fish. Reservoirs
are stocked mostly with exotic species such as common carp (Cyprinus carpio), tilapias (Oreochromis
niloticus, Coptodon rendalli), rainbow trout (Onchorhynchus mykiss), and largemouth bass
(Micropterus salmoides). There is no continuous monitoring by the government of success or failure of
any of these programmes. The Urré reservoir in the Sinu basin is an exception as it produces about 100
tonnes of native species per year. Since the dam started operation in 2002 it has been stocked with
approximately 100 million fingerlings of indigenous species, and has been monitored with the objective
of evaluating the efficiency of the stocking programme. The Porce Il reservoir on the Porce River in
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the Caribbean basin, had an annual yield of 238 tonnes of six exotic species between 2011 and 2012
(Lopez-Sanchez et al., forthcoming).

The number of freshwater fishers in Colombia has been estimated to about 150 000 (Gutierrez-Bonilla,
Barreto Reyes and Mancilla Paramo, 2011) of which 74 percent are full-time fishers, 23 percent
occasional and 3 percent seasonal (Gonzalez et al., 2015). However, this is considered a significant
underestimate (Jiménez-Segura et al., in press).

The official employment in inland fishery reported to FAO (2014) is only 11 793 fishers. This figure is
in the same order, but lower, than results of surveys. There have been conflicting results from various
censuses, indicating that the estimates are not very precise. The National Fisheries and Aquaculture
Authority (AUNAP) counted 4 370 economic fishing units at sampled landing sites in the Amazonas
and the Caribbean, therefore if each unit corresponds to two fishers this corresponds to 8 740 fishers in
the two basins (6 012 in Magdalena, and 2 728 in the Amazonas) (Altamar and Zuiiiga, 2015).
Cormagdalena (2016) carried out a census of the members of six of the eight fisher associations in the
Magdalena basin (which unites a total of 156 fisher associations) and counted 7 796 fishers. If we
consider that half of the fishers are organized (Gonzalez et al., 2015), it is possible that there would be
about 16 000 fishers in the Magdalena basin. This is still much lower than that indicated by researchers
and agencies (Cormagdalena, 2008). Contreras (cited in Gutierrez-Bonilla, Barreto Reyes and Mancilla
Paramo, 2011) mentions a figure of 46 000 fishers for the Magdalena basin.

Employment in the inland fishery is linked to the complexity of the value chain. In the Magdalena basin,
Gutierrez-Bonilla, Barreto Reyes and Mancilla Paramo (2011) estimate that for each active fisher there
would be eight others who would be economically dependent on his catch, playing roles such as
intermediaries, primary or secondary retailers and wholesalers at the central markets. With a fisher
population of 46 000, this would indicate that 368 000 people depend on the fisheries for employment.

Inland fisheries in Colombia have contributed between 15 and 80 percent of total reported fish landings
over the last 21 years (reported between 5 813 tonnes/year and 72 162 tonnes/year). The last year that
Colombia reported inland catch to FAO was in 2011, since then FAO has estimated catches. In 2015
the FAO estimate was 18 554 tonnes.

Colombian catches appear to be either under-reported or the resources exploited very lightly. Using
the household consumption model, Fluet-Chouinard, Funge-Smith and Mclintyre (2018) reach an
estimated national catch of 103 197 tonnes for 2006-07 (range from 84 503 to 127 410 tonnes). It it may
be an overestimate, but is in line with historic production levels and does underscore that consumption
of freshwater fish and therefore national catch is likely to be far higher than currently estimated (18 554
tonnes). Jiménez-Segura et al. (in press) also hints at significant unregistered imports from the
Venezuela (Bolivarian Republic of).

Using the household consumption model, Fluet-Chouinard, Funge-Smith and Mclntyre (2018) reach an
estimated national catch of 103 197 tonnes for 2006-07 (range from 84 503 to 127 410 tonnes). It is
higher than the combined figure above, it may be an overestimate, but does underscore that consumption
of freshwater fish and therefore national catch is likely to be far higher than currently estimated (18 554
tonnes).

Colombia represents 5 percent of the global trade in ornamental fishes (OECD, 2016), with some 366
species traded (Ortega-Lara, 2015). Ornamental fisheries mainly take place in the Orinoco and
Amazonas basins (80 to 85 percent), with a small contribution from the Caribbean basin (Jiménez-
Segura et al., in press).

Recreational fishing mainly takes place in the Carribean, Amazon and Orinoco basins and requires a
licence issued by the fisheries authority (Jimienez-Segura et al., in press). There are no available
estimates of the value of this activity.
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Paraguay

Paraguay is situated entirely in the Plata River basin (Barberis cited by Quiros, 2004) and has an
estimated 5 379 km? of surface waters in 15 basins, and 22 wetland regions. The main rivers for inland
fisheries are the Pilcomayo (835 km), Paraguay (1 265 km) and Parana (689 km). In the eastern part of
the country, Aquidaban, Ypane, Aguaray guazl, Jejui guazl, Manduvira, Salado, Tebicuary and
Tebicuarymi Rivers are important for fisheries and in the western part, it is the Monte lindo, Negro and
Confuso Rivers. Important waterbodies are lakes Ypacarai (90 km?) and Ypoa with a surface area of
1 190 km?, the Itaipu reservoir (1 350 km?), which is shared with Brazil, and the Yacyreta reservoir (67
km?) shared with Argentina. Other important reservoirs are the Acaray and Yguazu (Rios Morinigo, in
press).

The Paraguay River has a floodplain covering 10 500 km?, whereas the Parana floodplain is much
smaller and the flood regime less regular. Even though the Parana has a smaller floodplain and a shorter
and more erratic flood, the fauna is adapted to this pattern, and the river in its natural state presumably
had equally productive fisheries.

The construction of hydropower dams has affected the productivity of the Parand River basin by
blocking migration routes for the most important commercial species and the catch of these has declined
as a consequence (IIED and USAID, 1985 and Espinach Ros et al., 1991). Between the Itaipu and
Yacyreta dams, catches are now only 3 to 4 kg/day/fisher, and in the Yacyreta reservoir itself catches
are up to 60 kg per day/fisher (mainly low value fish), and below 20 to 40 kg/day/fisher (Rios Morinigo,
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in press). Dam corporations attempt to mitigate the impact on the population of indigenous fish species
through stocking programmes further upstream and in tributaries. Catches from the Pilcomayo River
vary between 250 and 2 000 tonnes per year (Payne cited in Espinach Ros et al., 1991).

Because of the lack of detailed catch statistics, it is difficult to say anything about the trends and status
for individual species. However, some species appear to be at least locally overexploited and since most
of the commercial species in Paraguay exhibit migratory behaviour they have been negatively affected
by the construction of dams in the major rivers and are replaced in catches by smaller more fecund
species with a shorter life cycle.

Commercial fisheries are mainly associated with the Paraguay and Parané Rivers and are carried out by
the riparian population. Subsistence fishing takes place in all waterbodies throughout the country (Rios
Morinigo, in press). Currently, 7 877 fishers are registered as professionals, and the fishers work five
days a week when fish are abundant (Rios Morinigo, in press).

The last year for which Paraguay reported fish catches to FAO was in 1992 when 17 925 tonnes
reportedly were landed. Since then FAQ has provided estimates (FishStatJ) of up to 28 000 tonnes from
1997 to 2000, but the most recent estimate for 2015 is now down to 17 000 tonnes. IIED and USAID
(1985) stated that at least 28 000 tonnes are caught annually, of which 26 000 are consumed in Paraguay
and 2 000 tonnes are exported to Brazil. Albiol-Flores (2007), based on the results of his study at
Mariano Roque Alonso District along the Paraguay River, estimated that 9 000 fishers harvesting 20 kg
per day and fishing 300 days per year would land 54 000 tonnes of fish per year. The total potential for
the Paraguay floodplain was previously estimated at 40 000 to 60 000 tonnes (Espinach Ros et al., 1991,
IIED and USAID, 1985). FAO (1983) estimated a potential yield for the country of 100 000 tonnes.
These higher estimates may not take into account loss of fisheries from the effects of damming of rivers.

The Paraguayans are generally considered consumers of red meat, however studies carried out in the
1970s and 1980s show that there are major differences between the riparian population and people
living away from the main watercourses (IIED and USAID, 1985). People living near the river and the
lowest income groups in the capital would eat about 67 g fish/day or 24 kg/yr, whereas the rest of the
population ate about 2 kg fish per year (IIED and USAID, 1985). The FAO apparent fish consumption
is 3.9 kg/capita/yr (FAO, 2016), but this is based on the estimated catch. A re-evaluation of national
inland fishery catch, based on household consumption might help to validate current catch estimates, in
the absence of a national report since 1992.

There are about 8 000 recreational fishers for whom no catch statistics exist. The capture of wild fish
for export as ornamentals is illegal.
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Argentina

The majority (90 percent) of inland fishery catch in Argentina is concentrated in the Plata basin, which
is comprised of the upper, middle and lower Paran, the Paraguay River (with the tributaries Bermejo
and Pilcomayo) and the middle and lower Uruguay River. The associated wetlands cover an area of 229
000 km? (Minotti et al., 2013). These rivers are still in a good ecological state with a high degree of
connectivity (Barletta et al., 2010). There is an estimated 20 200 km? of lakes, lagoons and reservoirs
(Quiros et al., cited by Quiros 1988).

Reported inland catches since 2004 range from 12 283 tonnes in 2013 to 34 002 tonnes in 2005, the
most recent reported landings in 2015 were 18 885 tonnes (FAO FishStatJ). This landing data appears
to be somewhat underestimated, since Argentina exported a total of almost 130 000 tonnes of freshwater
fish products between 2007 and 2014, whereas total reported catch for the same period was only
122 127 tonnes. It therefore appears that locally consumed fish and subsistence catches in particular
(which likely add up to about 5 000 tonnes/year) are not included in official landings data. Eight species
are exported, with the sabalo (Prochilodus lineatus) representing 87 percent, followed by carp with 4
percent. The export of sdbalo peaked in 2004 with almost 40 000 tonnes, however, from 2006 the
government introduced new management measures and landings decreased and have now stabilized
between 10 thousand tonnes and 15 thousand tonnes per year. FAO (1983) estimated that the potential
yield for Argentina could be 86 000 tonnes per year. Quiros (1988) estimated that the potential yield
from lakes, lagoons and reservoirs could be about 50 000 tonnes per year.

Fishing communities are principally found along the large rivers in the Plata basin. It is estimated that
between 7 000 and 10 000 fishermen are carrying out their activities in the Parana-Paraguay corridor.
Itis likely that there is another 2 000 fishers along other rivers such as the Uruguay, Bermejo, etc. where
commercial fisheries are less intense, but there is no census information available from here (Baigun,
in press). Argentina reported 7 207 fishers to FAO (2015).

It is estimated that 3 million sport or recreational fishers practice their hobby in fresh and salt water in
Argentina, of which about 1 million reside in the most important riparian cities in the Plata catchment
and another 1.5 million in the Pampas region (Baigin and Delfino, 2001). In the lower Plata basin
sportfishing generates about USD 15 million to USD 20 million per year, some parts of Patagonia could
generate USD 7 million to USD 10 million per year (Vigliano and Alonso, 2000), Pampean lagoons
USD 4 milion to USD 5 million and another USD 5 million in reservoirs and rivers in the northern part
of the country (Baigun et al., 2003).

Fishing for live bait is an important source of employment that is practiced by about 1 000 families,
many of them indigenous people working for intermediaries. This activity is not controlled and the
volume of catch sold for this purpose is unknown (Baigun, 2018).

Available statistics do currently not permit distinguishing between ornamental fish from marine and
freshwater environments. In 1996 when separate statistics were available, 7 tonnes of freshwater
ornamentals were exported (this value possibly includes some of the water they are transported in).
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However, because of the competition from the Asian market export volumes are now down to 1 tonne
to 2 tonnes per year (Baigun, in press).
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Bolivia (Plurinational state of)

Bolivia (Plurinational State of) features a high altitude plateau (Altiplano) and tropical lowland
savannas (llanos), which cover more than two-thirds of the country. Hydrographically, the country is
conveniently divided into three major basins, the Plata basin, Amazon basin and the high plateau. The
Plata basin (Rio Bermejo, Rio Pilcomayo and upper Rio Paraguay) with the lakes Caceres and La Gaiba
that are situated in the Bolivian Pantanal wetland, cover 15 000 km? to 22 000 km? (Roy, Barr and
Venema, 2011). The Amazon basin with Rio Mamoré, Rio Madre de Dios, Rio Beni and Rio Iténez (or
Guaporé) together form wetlands covering 100 000 km? to 150 000 km?. This area is known as the
Llanos de Moxos and consists of meanders, oxbows and other types of lakes with enormous fisheries
potential (Lauzanne, Lobens and Le Guennec, 1981). With the exception of the Santa Cruz Department,
the Llanos de Moxos has a low population density and it is mainly indigenous people who are engaged
in fishing (Camburn, 2011). The high plateau has several endorheic lakes — Titicaca, Poop6 and Uru
Uru — that historically have been important fishing grounds, but where catches now have declined
dramatically because of pollution, especially from mining. Fishery productivity decline is also driven
by a drier climate that has led to severe reduction in size or drying up of waterbodies. There are several
smaller highland lakes that are used for the stocking of rainbow trout.

The fisheries sector in the Amazon and La Plata basins have been little studied. The most productive
fisheries are those of the lower Amazon where Van Damme et al. (2011) estimated the presence of 347
boats at the 11 most important landing sites. These authors estimated an annual catch of 3 000 tonnes
whereas IPD PACU (2016) concluded that the annual catch was more than 4 000 tonnes. More than 80
percent of the catches consist of just 15, mostly large-bodied, species of high commercial value,
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including the introduced Arapaima gigas with 12 percent. Most fish is landed in the white water rivers
Madre de Dios, Mamoré and Beni, whereas fish catch in the Iténez river basin with clear water is
relatively low. Smaller sized species appear to be underexploited throughout the Amazon basin (Van
Damme et al., 2011). Based on Welcomme’s (1975) catch estimate for floodplains of 50 kg/ha,
Lauzanne, Loubes and Le Guennec (1990) hypothesized that the fisheries potential of the Bolivian
Amazon could be up to 250 000 tonnes. FAO (1983) has estimated the potential yield for the area to
50 000 tonnes.

For the La Plata Basin, it is estimated that between 100 tonnes and 700 tonnes of fish are extracted each
year (with an average of 400 t/year) (IPD PACU, 2016). In this basin, the sdbalo (Prochilodus lineatus)
make up more than 75 percent of all landings. The fishery of this species is characterized by a very
marked seasonality (with highest catches between May and August) because of the migratory habits of
the species. FAO (1983) estimated a potential for the wetlands in the La Plata basin of up to 4 000
tonnes.

The catch data from the Altiplano are not very reliable. IDP PACU (2016) estimated a yearly catch of
5 000 tonnes from the Titicaca and less than 300 tonnes from Lake Poop6. As recently as the 1990s an
annual catch of 2 550 tonnes to 3 600 tonnes of silversides (Odontesthes spp.) were reported from the
latter lake (Zabaleta Cabrera, 1994), but in 2016 the lake dried up completely (Satgeé et al., 2017).

According to the data reported to FAO, Bolivian catches have varied between 5 770 tonnes and 7 568
tonnes per year in the last decade with the highest recorded landings in 2009. The last year for which
the country has reported landings to FAO was in 2014 with 6 990 tonnes. However, IPD PACU (2016)
compiled the existing data on landings and estimated a fisheries catch of between 11 000 tonnes and
12 000 tonnes per year for the whole country, and about 10 000 fishermen working full time or part
time in the sector (Van Damme, in press).

The household survey catch estimate (Fluet-Chouinard, Funge-Smith and Mcintyre, 2018) indicates
that Bolivia (Plurinational State of) may produce as much as 61 198 tonnes of fish (ranging between
51 821 tonnes and 71 194 tonnes). This modelled figure may reflect a larger than expected catch of the
Bolivian Amazon area, and is remarkably close to the FAO 1983 estimated potential yield of the
Amazonian area (50 000 tonnes). It is also quite possible that the estimate is overestimated, especially
if there are substantial hidden imports of fresh fish or contributions from aquaculture, although there
are no clear reports to substantiate this. As these figures are substantially greater than reported catch,
caution should be used in quoting them.

It is estimated that more than 80 percent of the fish caught in the country are destined for national urban
markets and the remaining 20 percent is eaten locally (Van Damme, in press). Fish markets in Bolivia
(Plurinational State of) are also supplied by imports of fishery products (fresh fish, frozen fish, dry,
salted or smoked fish, crustaceans, and molluscs) of 15 145 tonnes per year (FAO, 2016).

With an annual consumption of 2.2 kg/capita/year in 2013 based on reported data (FAO, 2016), Bolivia
(Plurinational State of) is among the countries in the region (and the world) with the lowest level of
apparent fish consumption. Realizing the importance of fish in the Bolivian diet, an ambitious
Agricultural Sector Plan (2014-2018) has proposed an increase in fish consumption from 1.8 to 5.2
kg/person/year by 2018.

However, the precision of national consumption estimates depend on the accuracy of catch data, which
do not include subsistence fishing as this is not registered anywhere. A recent review of fish
consumption found that dwellers in large urban areas and indigenous people in the Bolivian Amazon
together consume some 6 000 tonnes of Amazonian fish per year, and to that should be added the
unknown consumption by the non-indigenous population (Camburn, 2011). The Household
Consumption and Expenditures Survey indicates this national consumption level may already be close
to 4.5 kg/capita per year (FAO ADePT, 2009). Other studies of Santa Cruz area indicate consumption
is approximately 5.6 kg/year.
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Uruguay

The majority of Uruguay (80 percent) lies within the Plata basin (Barberis cited by Quiros, 2004). The
major riverine resources are the Plata River itself, the Uruguay River and its main tributary the Negro
River. There are about 3 500 km? lakes and lagoons in the country and another 4 000 km? permanent or
temporary wetlands (Cracco et al., 2007), and hydroelectric reservoirs with a total surface area of
2 273 km? (MVOTMA, 2017).

The main inland fisheries of Uruguay take place in the lower Uruguay River and the upper Plata River
(which is shared with Argentina) and in the reservoirs on the Negro River. The lower part of the Plata
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River corresponds to the estuary. However, freshwater fishes such as sabalo (Prochilodus lineatus),
Salminus brasiliensis and some pimelodid catfishes, occur seasonally in the upper and middle Plata
River according to the flow of the Uruguay and Parana Rivers (Crossa, in press).

In the Uruguay River, sabalo comprises the largest fresh water capture. Statistics provided by La
Direccion Nacional Recursos Acuéticos (DINARA) indicate that this species accounts for an average
of 63 percent of total inland captures for the country in the period 1990 to 2000. Average yearly capture
was 742 tonnes, ranging between a minimum of 178 tonnes and a maximum of 1 262 tonnes (DINARA
cited by Crossa, in press). In 2012, 2013 and 2014 exports of sabalo were respectively 2 694 tonnes,
2 625 tonnes and 3 955 tonnes, growing to 6 611 tonnes in 2015 and then declining to 4 137 tonnes in
2016. In the same period catches of tarariras (Hoplias spp.) were estimated at between 432 tonnes and
1 296 tonnes (Crossa, in press).

According to FAO FishStatJ, landings from inland fisheries in Uruguay in 2015 were the highest ever
recorded with 3 434 tonnes, up from 2 425 tonnes in 2014. However, DINARA cited by Crossa (in
press) mentions a catch of 3 954 tonnes. Commercial landings statistics indicate that fish catch from
the Uruguay River is about 1 600 tonnes/year for the country, including 400 tonnes/year from the lower
Plata River, 300 tonnes/year from the Negro River and the Rincon del Bonete reservoir, and 200
tonnes/year from the the Merin lagoon.

The potential sustainable catch has been estimated at 6 000 tonnes/year for the Uruguay River, 350
tonnes/year for the Negro River, 2 000 tonnes/year for the lower Plata River and 300 tonnes for the
Merin lagoon (FAO/Fishcode 2004 and references therein). FAO (1983) has estimated that the
reservoirs could yield 2 000 tonnes and the coastal lagoons could have a potential yield of 12 000
tonnes.

Although the artisanal fishery only contributes between 3 and 4 percent of the landings, more than 46
percent of sectoral employment is found in this subsector. In 2010 there were 1 250 full-time and part-
time fishers, and 3 750 people, mainly from low income families, worked in associated activities
(Crossa, in press).

Changes in land use over the last 20 to 30 years have resulted in increased pollution with pesticides,
higher nitrogen and phosphorus run-off causing algal blooms in marginal and coastal lagoons. These
blooms of Cyanobacteria compromise human, animal and ecosystem health. The extraction of water for
rice culture results in mass mortalities of larvae and juvenile fish in some wetlands (Crossa, in press).

Most of the inland fisheries catch is exported (main markets are Brazil, Colombia, Nigeria and
Cameroon). A smaller unreported volume is sold on the domestic market and along the Brazilian border
(Crossa, in press). Fish consumption in Uruguay is estimated at 7.5 kg per capita per year (FAO, 2016)
consisting mainly of imported marine fish.

Recreational fishing is being promoted as an economic alternative to commercial fishing. However, the
fast development of this subsector without clear rules, organizations and control mechanisms could
compromise the sustainability of the sector and of the resources in the long term. Currently there are no
statistics about the number of people involved or the impact the sector has on the economy (Crossa, in
press).
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Guyana

Guyana, in the Amerindian language means “land of many waters” and the country is rich in freshwater
resources. The country has four principal rivers: the Courantyne River bordering Suriname, the Berbice
River, the Demerara River, and the Essequibo River draining from the western highlands and southern
uplands to the Atlantic coast. A few minor rivers are part of the Amazon watershed. The Essequibo
River forms the country’s largest river system, and its drainage basin (66 663 km?) encompasses most
of the country (United States Army Corps of Engineers, 1998). In the interior of the country, 40 000 to
50 000 km? of savannahs are flooded seasonally (Fisheries Department, 2006), of which 15 000 km?are
found along the Rupununi tributary (NDS Secretariat, 2000). The northern Rupununi savannah is a
giant wetland with 750 lakes and ponds (Fernandes, undated), the Rupununi River is a white water river,
however most Guyanese rivers are black water rivers and therefore less productive (Mistry et al., 2004).

However, 90 percent of the country’s total population is concentrated in the low-lying 3 to 15 kilometer-
wide coastal plain (United States Army Corps of Engineers, 1998). The population living away from
the coast is mostly indigenous people, which is also the part of the population mostly engaged in inland
fisheries, which is carried out in rivers, creeks, lakes and reservoirs, canals, and in savannah areas (NDS
Secretariat, 2000).

Guyana reported 700 tonnes catch from inland fisheries in 2015. There have been only small variations
in the reported landings 625 to 875 tonnes per year (Fishstat]). The national catch is still very modest
considering the amount of water resources available and is an indication of the limited productivity of
the black waters. Fisheries Advisory Committee (2007) mentions fisheries potentials of 90 tonnes per
km? for flooded savannahs, but this appears to be an exaggeration. Even for white water rivers, this
appears an order of magnitude too high and for black water rivers probably two orders of magnitude
too high.

Guayana is the South American country with the highest level of fish consumption, with 31
kg/capita/year (FAO, 2016), but this is largely based on the availability of marine fish.

It is likely that the contribution by inland fish is not properly reflected, and consumption of freshwater
fish is certainly higher, away from the coast. Mistry et al. (2004) for instance state about the most
populous indigenous group in the Northern Rupununi, “... fishing is the mainstay of Makushi life
comprising 60 percent of their diet.” Fishing is done mostly by Amerindians living away from the coast
(about 10 percent of the population) for subsistence, and fishing tends to interact dynamically with
agriculture activities such as the harvesting of rice or sugarcane. Near larger logging and mining
concessions there tends to be higher fishing pressure in order to feed the workers (Maison, 2007).

There is no species level information in the reports to FAO. Overexploitation of arapaima caused the
stock to become depleted, and the government banned fishing the species. However, as the activity
happens in areas without efficient surveillance, the ban had no impact and most of the product was
exported to Brazil where demand is high (Maison, 2007). The most pressing issue in inland fisheries is
protecting fish habitats from destructive practices associated with the expansion of mining and forestry
operations (NDS Secretariat, 2000).
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In addition to fishing for food, about 4.2 million ornamental fish are exported annually (Watson, 2005).
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Suriname

FAO (2015) states that Suriname has 7 820 km? of surface waters and has an exceptional number of
rivers (FAO, 1983) for such a small country. There are seven large river systems of which the Corantijn
(67 600 km?) and the Marowijne (68 700 km?) river basins are the largest (Mol, 2012). Most rivers are
nutrient poor (classified as either clear or black water rivers) and without large floodplains. This points
to a relatively low productivity and thus limited fishing potential.

There are no true lakes in the country, and the largest waterbody is the Brokopondo reservoir (1 560
km?) built on the Suriname River (Mol et al., 2007). Richter and Nijssen (1980) estimated the potential
yield of the Brokopondo reservoir at 3 500 tonne/year, very similar to the 3 000 to 4 000 tonnes
estimated by FAO (1983). However, several brackishwater lagoons may have fisheries of some
significance (Mol, 2012).

The last time Suriname reported an inland fisheries catch to FAO was in 2013 (650 tonnes) and this is
also the maximum amount reported by the country (FishStatJ).

Mol et al. (2000) mention that commercial fisheries have been taking place in the lagoons of the Bigi
Pan area for more than 60 years and that these fisheries employ 150 fishers and produce 6 to 12 tonnes
of fish per month with the most important species being snook, Mozambique tilapia, mullet and tarpon.
About 95 percent of the population resides along the coast, and most of the fish consumed are
consequently marine. Apparent annual fish consumption is 16.5 kg/person (FAO, 2016). Only the
Amerindian and Maroon populations depend on inland fisheries for subsistence (Mol, 2012).

El Nifio related droughts are frequent but unpredictable in Suriname and severely affect fish
communities in streams, swamps and coastal lagoons and fisheries (Mol et al., 2000).
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Ecuador

The inland waters of Ecuador can be divided into three regions, namely the western lowlands, the
Andean region and the eastern lowlands.

The western lowlands between the Andes and the Pacific coast is dominated by the rivers of the Guayas
basin and the Esmeralda and Santiago Rivers, which are characterized by their fast and short flood
cycle. The Andean region has hundreds of small lakes most of which are less than 2 ha and with low
productivity. The eastern lowlands (east of the Andes) corresponds to the Amazon basin with the
Putumayo, Napo, Pastaza, Santiago and Marafién Rivers, and is characterized by floodplains with
highly productive lakes (Meschcat, 1975).

There are 16 major reservoirs mostly located in the Pacific watershed, but only one mega dam is located
in the Amazon basin (Finer and Jenkins, 2012).

Fishing takes place in rivers of all sizes situated from the lowlands up to more than 4 000 m in altitude,
and in many small mountain lakes. Mesckat (1975) mentioned that there were more than 1 000 people
exclusively dedicating themselves to fishing in lakes and rivers, and several thousand fishing
occasionally or for subsistence. He adds that it was impossible to provide more exact figures because
of the lack of staff and transportation. Although this was more than 40 years ago, the situation does not
appear to have changed. Willan (2010) in a survey found 613 organized fishers in Los Rios Province in
the Pacific watershed, which at least at the time of Mesckat (1975), had almost no fishers compared to
the Amazon lowlands.

Ecuador reported a catch of 105 tonnes of fish from inland fisheries in 2015. Since 2008, landings have
fluctuated between 101 and 338 tonnes. The highest catches reported were 994 tonnes in 1984
(FishStatJ). Burgos (2011) estimated an annual catch of 236 tonnes in the Napo River. In the Chogén
reservoir 105 tonnes were landed in 2015 (Pacheco Bedoya, undated). Sirén (2011), by extrapolating
results of consumption studies among indigenous people in the Amazon basin, found that this group
alone potentially consumes 8 362 tonnes of Amazonian fish per year, considerably more than the
official report.

The absence of territorial management is a threat to the fisheries. The health of the riverine ecosystems
in Ecuador is under growing pressure from the abstraction of water for the rapidly growing Andean
cities, and the hydroelectric projects in the same region threaten biodiversity in both the Pacific and
Amazonian basins (Barriga, in press).
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Chile

Chile is a 4 200 km long narrow strip of land bordered on the west by the Andes and to the east by the
Pacific Ocean. Parts of the country have low temperatures and it is extremely dry with less than 2 mm
precipitation per year. The country has many short torrential rivers that originate in the Andes and run
to the Pacific Ocean, and, the central part has many lakes. Brenner (1994) states that 4.9 percent of the
provinces of Valdivia and Llanquihue are covered with lakes (a total of 3 000 km?). However, the fish
fauna is relatively poor with only 34 indigenous species.

No catches have been reported to FAO since 1998 when 4 tonnes were landed. The highest catch ever
reported was 32 tonnes in 1990. Catches have mainly consisted of common carp and freshwater prawns
(FishStatJ).

FAO/FishCode (2004) reported a very small-scale inland fishery in a coastal lagoon to the south of the
country, where indigenous communities were involved in subsistence fishing, and artisanal extraction
of river shrimp in some altiplano lagoons and rivers. However, it is not known if this is still extant as
Chile has now prohibited commercial fisheries in inland waters (Valbo-Jorgensen, Soto and Gumy,
2008).

Brenner (1994) calculated a potential of 1 500 tonnes in the lakes in the central part of the country, and
FAO (1983) estimated a potential of 4 000 tonnes for the same area.

Most inland bodies of water are used for recreational or sportsfishing and about 50 000 fishers have
been registered in the national territory (FAO/FishCode 2004) where they target the salmonid species
that has been introduced successfully generating about USD 10 million/year (Valbo-Jorgensen, Soto
and Gumy, 2008).
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French Guyana

French Guyana is drained by by eight river basins flowing south-north and many small coastal creeks
(Lointier and Gaucherel cited by Merona, Tejerina-Garro and Vigouroux, 2012). The largest basins are
the Maroni (66 000 km?) and the Oyapock (27 000 km?), and the rivers have only small floodplains
(Mérona, Tejerina-Garro and Vigouroux, 2012). The Petit-Saut dam with an area of 350 km? has been
created on the Sinnamary River (Mérona, Vigouroux and Tejerina-Garro, 2005).

French Guyana has never reported any inland fisheries catch to FAO (FishStat)), and available
information about inland fisheries in French Guyana is very scarce and is mostly limited to taxonomic
research. However, Anonymous (undated) mentions that there are 17 small-scale vessels registered in
inland fisheries, and 34 persons employed. Fréry et al. (2001) researched the impact of mercury among
indigenous groups and found a high dependency upon fish with average consumption levels of up to
115 kg/year among 26 to 45 year olds and indicated that seasonally people may eat up to 600 g/day.
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Mexico 151 416 122 332 000 0.95 1.32 403 376
Guatemala 2360 15 468 000 0.15 0.02 119 20
Costa Rica 1000 4872000 0.21 0.01 113 9
Nicaragua 606 6 080 000 0.12 0.01 161 4
El Salvador 458 6 340 000 0.27 0.00 23 20
Panama 405 3864 000 0.17 0.00 136 3
Honduras 100 8 098 000 0.01 0.00 83 1
Belize 0 332000 0 0.00 22 0

Mexico contributes the majority of inland fishery catch accounting for nearly 97 percent of the officially
reported catch. The Mexican inland fisheries are mainly based on the numerous reservoirs in the
country, many of which are enhanced through stocking. Of the other Central American countries,
roughly 1.5 percent comes from Guatemala with the remaining fraction (1.6 percent) shared between
Costa Rica, Nicaragua, El Salvador, Panama and Honduras.

PREPAC (2005) estimated 2 303 waterbodies in Costa Rica, El Salvador, Guatemala, Honduras,
Nicaragua and Panama, with a total surface area of 16 011 km?. In 276 of these waterbodies fisheries

159



were considered the main activity. It was further found that 75 waterbodies had disappeared since the
early 1990s, the causes cited are both anthropogenic and natural.

The fisheries resources of Mexico are based on the Usumacinta—Grijalva—San Juan River system and
its associated reservoirs. This is the largest river system in Central America and supports important
subsistence fisheries (Inda-Diaz et al., 2009). There are also lakes in the region, with the largest being
Lake Cocibolca (Nicaragua). The number of inland fishers identified throughout the region is around
48 751 (44% from Mexico) (OSPESCA 2012, Pedroza-Gutiérrez, in press).

Reporting of catches to taxonomic category is generally good. Catches are a mixture of North American
and South American species with the exception of tilapias (84 052 tonnes) and common carp (35 779
tonnes), which together make up 77 percent of the officially reported catch. The predominance of the
introduced tilapias, rather than native cichlids reflect the importance of stocked lake and reservoir
fisheries in the region. The introduced common carp is used for stocking cooler reservoirs and dams.

OSPESCA (2012) estimated 27 510 fishers, corresponding to 20 percent of all artesanal fishers in Costa
Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama (that is 1.7 fishers per square kilometre
of waterbody) using 15 876 vessels and estimated a catch of 31 556 tonnes (1.1 tonne per fisher) or
roughly 18 percent of the total artisanal catch in these countries. This estimate is almost four times the
landing data in FishStatJ for 2010, which was just 8 328 tonnes (which in the absence of national reports
is principally based on FAO estimates). Between 80 to 90 percent of the catch is consumed locally
(PREPAC, 2005).
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Mexico

The Mexican National Water Commission has identified 731 river basins in the country (Conagua,
2016). The largest river basins are those of the Bravo River with an area of 225 242 km? in Mexico and
another 241 697 km? in the United States of America, and the Balsas River with an area of 117 406 km?.
The total length of rivers in the country is 633 000 km (Conagua, 2016). The largest lakes are Lakes
Chapala (1 116 km?) and Cuitzeo (306 km?), and the largest reservoirs are the Angostura (640 km?),
Presidente Aleman (500 km?) and Vicente Guerero (468 km?) reservoirs (Sugunan, 1997).

In the early 1990s there were 13 935 lakes and reservoirs (Herndndez cited by Sugunan, 1997). There
does not appear to have been any more recent attempts to quantify the number of waterbodies in the
country, and some parts of the country were not properly assessed. The number cited by Sugunan is
therefore an underestimate (Arce-Ibarra and Charles, 2008).

Mexico has one of the largest irrigation infrastructures in the world with 5 163 dams and embankments
watering 33 percent of agricultural land (Conagua, 2011). There are 142 wetlands listed under the
Ramsar Convention with a total area of 8.6 million ha.
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With an annual catch of 151 416 tonnes in 2015, Mexico reported the highest catch since the late 1980s,
corresponding to an increase of 22 percent since 2014. Inland fisheries now constitute about 10 percent
of the national capture fisheries catch (FishStatJ). However, it is believed that there is under-reporting
of up to 60 percent, which the local fisheries authorities seek to address by using indicators such as
observations and knowledge by decentralized staff. The estimates therefore depend on the level of
experience of the staff making the estimate. The statistics also do not include catches used for own
consumption (Martinez-Cordero and Sanchez-Zazueta, 2010; Pedroza-Gutiérrez, in press).

In Mexico, inland fisheries is by definition considered artisanal and small-scale; it is carried out alone
or together with family members. According to the Diario Oficial de la Federacion (2000, 2004, 2006,
2010 and 2012) there are 21 241 registered inland fishers in the waterbodies covered by these
documents using 13 251 vessels.

Reporting at the species or species group level has improved over the last decade with now only 5.6
percent of the species reported as nei. Catches of most species appear to be improving except snook
(with catches as high as 3 296 tonnes in 2007), which has almost completely disappeared from the
catches. Carp and tilapia (that make up 55 percent of landings) are no exceptions to the overall trend.
Other important species are silversides and catfishes (FishStatJ).

However, according to Pedroza-Gutiérrez (in press), out of 93 waterbodies monitored, fisheries is in
decline in 22 percent and 14 percent are considered to be exploited at the maximum sustainable level.
Only 8 percent are considered to have a potential to further increase catch levels. Dwindling catches
and lower prices force fishers to increase their effort to maintain their income levels (Pedroza-Gutiérrez,
in press).

Enhancement is the most important management practice applied in inland fisheries. In 2007, culture-
based fisheries with about 40 species were responsible for 58 percent of the recorded catch (Martinez-
Cordero and Sanchez-Zazueta, 2010). FAO (1983) estimated a catch potential of 340 000 tonnes for
Mexican inland fisheries with 70 percent coming from coastal lagoons, and 26 percent from major
reservoirs.

Fishing with illegally small mesh sizes targeting juveniles is considered a problem affecting fisheries.
Also, pollution is a serious problem. Eutrophication leads to growth of water lilies that prevent fishers
from accessing fishing grounds, and may generate bad odour and affect the taste of the fish (Pedroza-
Gutiérrez, in press).

Although the fishery is mainly based on introduced species, some exotics are having a seriously
negative impact on fisheries. Mendoza et al. (2007) mentions that catches in the Infiernillo reservoir,
which used to produce up to 20 000 tonnes of tilapia per year, has decreased by 70 to 80 percent because
of the appearance of Plecostomus spp. in the waterbody causing 3 600 fishers and their families a loss
of 36 millon Mexican pesos per year.

Average apparent annual fish consumption in Mexico is 13.2 kg/person (FAO, 2016). In 2007, about
10 percent came from inland fisheries (Martinez-Cordero and Sanchez-Zazueta, 2010). The estimates
of apparent consumption depend on the reliability of the statistics of the level of catches, which as
mentioned before, seem to be underestimated. Furthermore, it is likely that consumption of fish is much
higher in coastal areas and near waterbodies as the families of fishermen are known to eat fish five
times a week (Pedroza-Gutiérrez, in press).
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Guatemala

The waterbodies of Guatemala cover an area of 1 339 km?including 7 lakes, 306 lagoons, 826 lagunetas
and 15 reservoirs (PREPAC 2005). There are 38 important basins situated in three watersheds: the Gulf
of Honduras with an area of 57 005 km?; the Mexican Gulf with 50 803 km? and the Pacific Ocean with
23 990 km?. The main rivers in Guatemala have a total length of 2 944 km (Ixquiac Cabrera et al., in
press), and if smaller streams are included this adds up to 56 208 km (CONAP, 2009).

According to FAO statistics, 7 301 tonnes of fish were landed in 2000, which decreased to 2 360 tonnes
in 2006. Landed volume has been estimated by FAO at the same level since then.

The fisheries authority’s collection of statistical data on fisheries is directed at marine fisheries.
However, estimates for inland fisheries have been provided by OSPESCA (2012) and PREPAC (2005),
and there have been case studies of some waterbodies such as Lago Atitlan, Lago Guija, Lago lzabal
and Rio La Pasion. OSPESCA (2012) that found a total inland catch of 5 400 tonnes in 2010. PREPAC
(2005) estimated an annual landing of 13 490 tonnes from Guatemalan waterbodies (that study did not
take into account rivers). The most important lakes were Izabal, Atitlan, Amatitlan and Laguna de Guija.
ATP (2004) estimated landings from Lake Peten Itz4, Dulce River with Lake El Golfete, and Lake
Izabal with River Polochic as 7 135 tonnes per year.
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Most studies have not considered river fisheries that are also not covered by official statistics. However,
using the empiric models developed by Welcomme for African fisheries (1976) and annual catch figures
of 40 to 60 kg/ha based on catch data from Rio La Pasidon and Rio San Pedro, Ixquiac Cabrera et al. (in
press) arrive at a conservative catch figure of 1 170 tonnes for Guatemalan rivers. The rivers with the
most important fisheries are Rio San Pedro, Rio la Pasion, Rio Dulce, Rio Sarstun and Rio Motagua.
Ixquiac Cabrera et al. (in press) further estimate that the catch from waterbodies is 4 131 tonnes per
year, which together with the estimated catch from rivers adds up to 5 501 tonnes, which is 2.2 higher
than FishStatJ records.

The fisheries law of Guatemala reserves inland fisheries exclusively for subsistence, artisanal and small-
scale fisheries. Inland fisheries, such as the small-scale marine fisheries, are strongly affected by rural
unemployment and become an essential subsistence activity that supports food and nutrition security.
Very few people have inland fisheries as their only activity and it is almost always combined with
agriculture. PREPAC (2005) estimated a total of 5 242 fishers operating in waterbodies in the country
(there was no data for rivers). They used beach seines (0.8 percent), gill nets (28.6 percent), hook (40.3
percent), castnets (29.4 percent) and traps (0.8 percent). OSPESCA (2012) found that inland fishing is
practiced by 6 200 fishers in 55 communities.

Overall annual fish consumption in Guatemala is estimated at 2.96 kg/person of which 7.8 percent is
contributed by inland fisheries. However, case studies have shown that in some areas close to lakes and
rivers people may eat much more fish, for example in the community EI Estor in the Izbal Department,
which has an annual consumption rate of 77 kg/person (Garcia cited by CONAP, 2003).

The large waterbodies in Guatemala are under high fishing pressure, and this is even more pronounced
in the case of smaller reservoirs (smaller than 150 ha) (Diaz de Barrios, 2010). However, the most
serious ecosystem impacts stem from industrial and domestic pollution, deviation of rivers, draining of
lagoons, species introductions and fishing for juveniles. Mitigation of these impacts is, when done,
usually limited to stocking mostly with exotic tilapia, which has been done regularly by the Ministry of
Agriculture, Livestock and Food since the 1960s, but even when indigenous species are used the
guantities are inadequate and the diversity far lower than in the natural ecosystem. There are currently
three stocking programmes in the country:

1. the government’s stocking of pez blanco (Petenia splendida) in Lago de Peten 1tz4;

2. stocking with tilapia (Oreochromis spp.) in most waterbodies in the country by the government
upon the request by communities and municipalities; and

3. stocking with the native Mojarra Tusa (Vieja guttulata), Mojarra Balsera (Amphilophus
trimaculatus), Mojarra Negra (Amphilophus macracanthus) and freshwater snail (Pomacea sp.)
— this is a private programme by the companies that grow sugar cane in river basins in the
southern part of the country (Diaz de Barrios, 2010; Ixquiac Cabrera et al., in press).

In some instances, hydroelectric dams have been equipped by fish ladders to mitigate impacts on fish
movements, however, these have proved to be inappropriate for the species concerned (Ixquiac Cabrera
etal., in press).

Sportfishing is mainly undertaken in the San Pedro River, la Pasion River and Rio Dulce River. Most
of the sportfishing events take place in waterbodies inside protected areas. Several species with potential
as ornamentals have been identified, however, there are no data on the quantities extracted for these
purposes (Ixquiac Cabrera et al., in press).
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Costa Rica

Costa Rica is a geographically diverse country with lakes, lagoons and floodplain rivers. The
subregional inventory by PREPAC (2005) counted 510 waterbodies with a total area of at least 682.3
km?, However, most waterbodies are relatively small and so are the river basins. Nevertheless, fishing
takes place in all aquatic ecosystems wherever fish or shrimp are present. Rivers are fished from the
shore or from bridges and people only use boats in large lakes and reservoirs. The only legal gear is
hook and line. Illegal fishing with dynamite and poison used to be common, and castnets and harpoons
continue to be used (Segura and Otarola, in press).

There is no collection of statistics on inland fisheries by government institutions. Costa Rica has not
reported any inland fisheries catches to FAO since 1997 when catches were reported as 840 tonnes,
since then FAO has estimated catches at a constant level of 1 000 tonnes. The maximum catch ever
reported was 1 090 tonnes in 1996. There is no species level information available in FishStatJ. It
appears that landings consist of several exotic and indigenous species (some purely freshwater species
and other marine or brackishwater species that migrate upstream), but there is no knowledge of their
status.

Food fisheries are utilized for own consumption and limited local trade. There are important recreational
fisheries, particularly in some reservoirs, but there are no quantitative data available on this.

The Comprehensive Agricultural Marketing Program (PIMA) estimates annual fish consumption at
7.17 kg/person (Sanchez and Cambronero, 2016), an impressive increase from just 1.83 kg/person in
2012. However, consumption of fish from inland fisheries is not accounted for.

Habitat destruction, and the use of agrochemicals by the expanding pineapple industry together with
the extraction of materials from the riverbeds, dam construction, and the canalization and construction
of dykes have all impacted negatively on freshwater ecosystems and the possibility to develop fisheries.
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Nicaragua

Apart from Mexico, Nicaragua is the richest Central American country in terms of water resources with
two-thirds of all surface water in the subregion. The total area is 10 506 km2, of which 8 144 km?
corresponds to Lake Cocibolca (Lake Nicaragua) (approximately the size of Lake Titicaca). PREPAC
(2005) counted 86 waterbodies, of which 68 were used for fishing. Among the rivers the most important
is the San Juan River, the outlet of Lake Cocibolca, whose basin has a total area of 29 824 km?
(PREPAC, 2006).

Commercial artisanal fisheries mainly take place in Lakes Apanas, Xolotlan (Lake Managua) and
Cocibolca, all the people around these lakes and nearby areas including the San Juan River participate.
Fishing in other waterbodies is mainly for subsistence. However, there is some recreational fishing in
the major lakes and San Juan River including some organized by tourist operators. In addition, there
are two companies with legal permits to fish for ornamental fish (Sanchez, in press).

Nicaragua has reported their catches to FAO every year since 1950. In 2015, 606 tonnes were landed,
a decrease of more than 300 tonnes from the year before. The highest catch on record was in 1973 when
2 600 tonnes were landed. The catch levels appear to be very low considering the amount of water
resources, and since data is mainly recorded at storage centres and processing plants, and as there are
many communities that trade fishery products, locally and informally traded fish and subsistence
catches are probably not accounted for.

Based on data from the national fisheries administration and the data collected by PREPAC (2006), at
least 1 200 tonnes of fish are landed annually in Lake Coci