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Preparation of this document

This document, the Review of the state of world marine fishery resources, was prepared
by the Marine and Inland Fisheries Service, Marine and Aquaculture Resources Use
and Conservation Division, FAO Fisheries and Aquaculture Department. It is part
of the regular programme activities and a partial fulfilment of the Organization’s role
with regards to the monitoring and reporting on global marine resources and relevant
environmental and ecological changes. The main objective of this review is to provide the
FAO Committee on Fisheries (COFI), policy-makers, fishers, civil society and managers
of world fishery resources with a comprehensive, objective and global review of the
state of the living marine resources. This document updates the information provided
in FAO Fisheries Technical Paper No. 457, Review of the state of world marine fishery
resources, issued in 2005, and also updates and expands the information provided in
relevant fishery resources sections of the more recent FAO publications on The state of
world fisheries and aquaculture (SOFIA). It is intended that this Review of the state of
world marine fishery resources will be completely revised every five years, with briefer
updates provided biennially.

Relevant sections of this review have been compiled by FAO and selected invited
experts, as indicated by the authorship of each chapter. Yimin Ye was responsible for
the general coordination and final technical editing of this document, with the valuable
assistance of David Milton. Fabio Carocci prepared tables and illustrations for this
report.



Abstract

Marine fisheries are very important to the economy and well-being of coastal communities.
Maintaining the long-term prosperity and sustainability of marine fisheries is not only
of political and social significance but also of economic and ecological importance. This
review presents an updated assessment of the current status of the world’s marine fishery
resources. Its aim is to provide the FAO Committee on Fisheries, policy-makers, civil
society, fishers and managers of world fishery resources with a comprehensive, objective
and global review of the state of the living marine resources of the oceans. The review
was based mainly on official catch statistics up until 2009 and relevant stock assessment
and other complementary information available until 2010.

This review consists of four major components. The first is a global overview of
marine fishery production and the state of marine fish resources. The second part is
divided into chapters that summarize and compile the information available for each
FAO major fishing area, together with a discussion of the major trends and changes
that have occurred with the main fishery resources exploited in each area and comments
on the stock assessment work undertaken in support of fisheries management in each
region. The third section is allocated to special topics that attract great attention in
the international community, including tuna and tuna-like species, sharks, the Pacific
islands region, deep-sea fisheries, and fisheries and long-term climate variability. The
final part lists all the tables that provide details about historical and recent catches for
the major marine resources and, where possible, assessments of the most current state of
exploitation of fish stocks.

FAO
Review of the state of world marine fishery resources.
FAO Fisheries and Aquaculture Technical Paper No. 569. Rome, FAO. 2011. 334 pp.
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INTRODUCTION

Marine fisheries are very important to the economy and well-being of coastal
communities, providing food security, job opportunities, income and livelihoods as
well as traditional cultural identity. They produced 80 million tonnes of fish in 2009
and directly employed 34 million people in fishing operations in 2008 (FAO, 2010).
Fish and fishery products are a vital and affordable source of high-quality protein,
especially in the world’s poorest nations — in 2008, fish supplied more than 3 billion
people with at least 15 percent of their average animal protein intake (FAO, 2010).
Therefore, maintaining the long-term prosperity and sustainability of marine fisheries
is not only of political and social significance but also of economic and ecological
importance. The United Nations Convention on the Law of the Sea (UNCLOS), the
United Nations Fish Stocks Agreement (UNFSA [UN, 1995]) and the FAO Code of
Conduct for Responsible Fisheries (FAO, 1995a) all require maintaining or restoring fish
stocks at levels that are capable of producing their maximum sustainable yield (MSY).
To fulfil the objectives of these international treaties, fishery management authorities
need to undertake assessment of the state of fish stocks and develop effective policies
and management strategies. As the United Nations (UN) Agency with a mandate for
fisheries, FAO has an obligation to provide the international community with the best
information on the state of marine fishery resources.

FAO undertook an assessment of marine fishery resources in 1973, originally at the
request of the Sea Bed Committee in preparation for the UN Conference on the Law of
the Sea. The FAO Committee on Fisheries (COFI) in its Eighth Session report expressed
the view that such an appraisal of the world’s fishery resources should be updated with
the most recent statistics and presented at future COFI meetings (FAO, 1974). This effort
to assess and report on the state of global marine fishery resources was then followed up
through a series of brief summary updates (FAO, 1974, 1978, 1979, 1981, 1983, 1985, 1987,
1989, 1990, 1992). These reports were prepared as background information documents
for the regular sessions of COFI. This reporting became a series of regular stand-alone
publications (FAO, 1994, 1995b, 1997a) and later as contribution sections to the FAO
flagship publication The State of World Fisheries and Aquaculture (FAO, 1997b, 1999,
2000,2002,2004). The State of World Fisheries and Aquaculture also has a primary objective
of providing updated information to COFI. It also provides an update, more generally, to
policy-makers, civil society and all those who derive their livelihood from fisheries and
aquaculture, while covering a much broader range of issues affecting these sectors.
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FIGURE A1
FAO marine major fishing areas for statistical purposes
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This paper presents a major assessment and update since the last comprehensive
review in 2005 (FAO, 2005). It is an update on the state of world marine fishery
resources provided in the most recent biennial updates for The State of World Fisheries
and Aquaculture 2010 (FAO, 2010). While the general focus and outlay of previous
major reviews have been maintained to the extent possible, several changes have been
introduced in this volume in response to comments and suggestions received from
readers and collaborators. It is also the intention of FAO to make better use of hard-
copy and electronic Web-based publishing possibilities.

This review consists of four major components. The first part provides a global
overview of marine fishery production and the state of marine fish resources
(Chapter A1). The second part is divided into chapters (Chapters B1-B16) that
summarize and compile the information available for each FAO major fishing area for
statistical purposes (Figure Al). The third part focuses on special topics that attract
great attention in the international community, including tuna and tuna-like species,
sharks, the Pacific islands region, deep-sea fisheries, and fisheries and long-term climate
variability (Chapters C1-C5). The final part lists all the tables that provide details about
trends in catches and, where feasible, on the state of exploitation of stocks. The final
set of tables in Part D summarize and complement the reviews by major fishing areas
and main species groups organized according to the International Standard Statistical
Classification of Aquatic Animals and Plants (ISSCAAP) grouping.

PROFILE OF CATCHES
The world’s fisheries and aquaculture sectors have gone through a dramatic development
in the last 60 years, and there have been large increases in their production. Total world
fish production was only 19.3 million tonnes in 1950, but it increased dramatically
to 163 million tonnes in 2009 (Figure A2). Marine capture fisheries have always
been the largest contributor to world fish production. In 1950, marine captures were
16.7 million tonnes and accounted for 86 percent of total world fish production. In the
last two decades, marine and inland aquaculture has expanded rapidly, and the relative
contribution of marine capture fisheries to the growing total world fish production has
shrunk. Nevertheless, marine capture fisheries still contributed 49 percent of the world’s
fish production in 2009, the largest sector in comparison with mariculture (21 percent),
freshwater aquaculture (23 percent) and inland capture fishery (6 percent) (Figure A2).
Marine fisheries have experienced different development stages, increasing from
16.7 million tonnes in 1950 to a peak of 87.7 million tonnes in 1996, and then declining
to stabilize at about 80 million tonnes, with interannual fluctuations. Global recorded
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FIGURE A2
World production from different sectors of fisheries and aquaculture
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production was 79.5 million tonnes in 2009 (Figure A2). Rapid development was seen in
the late 1950s and 1960s and between 1983 and 1989. The first boom was believed to be
caused mainly by the post-war shipbuilding expansion in the 1950s, the new technologies
such as steam and motor trawlers in the 1960s, and the extension of jurisdiction to
12 nautical miles by most costal States — this is the region that encompassed the ocean’s most
productive upwelling and continental shelves (Sanchirico and Willen, 2007; Engelhard,
2008). The second rapid expansion was associated with the extension of jurisdictions
from 12 to 200 nautical miles with the establishment of exclusive economic zones (EEZs)
under the legal foundation of the UNCLOS (Sanchirico and Willen, 2007).

After reaching a peak in 1996, global landings decreased gradually, dropping by about
10 percent by 2009. Subsequent fluctuations mainly reflect the variation in catches from
a few highly productive areas, particularly in the Northwest Pacific (Area 61) and the
Southeast Pacific (Area 87). These areas account for a large portion of landings from
pelagic species.

Regional patterns in landings
Based on the average catches in 2005-09, the Northwest Pacific is the largest contributor
(25 percent) to the global catch, followed by the Southeast Pacific (16 percent), Western
Central Pacific (14 percent), Northeast Atlantic (11 percent) and Eastern Indian Ocean
(7 percent). All other FAO areas contribute less than 5 percent of the global total catch.

World marine fisheries have gone through significant development and changes since
1950 when FAO started collecting fisheries statistics data. Accordingly, the levels of
exploitation of fish resources and their landings have also varied over time. The temporal
pattern of landings differs from area to area, depending on the level of urban development
and changes that countries surrounding that area have experienced. In general, they can
be grouped into three types. The first group are those FAO areas that have demonstrated
oscillations in total catch (Figure A3). They are the Eastern Central Atlantic (Area 34),
Northeast Pacific (Area 67), Eastern Central Pacific (Area 77), Southwest Atlantic
(Area 41), Southeast Pacific (Area 87), and Northwest Pacific (Area 61). These areas
provide about 53.5 percent of the world’s total catch. Some areas in this group may have
shown a clear drop in total catch in the last few years, e.g. Northeast Pacific, but, over the
longer period, a declining trend is not evident.

The second group consists of areas that have demonstrated a decreasing trend
in catch since reaching a peak at some time in the past. This group contributes 19.9
percent of global catch on average in the last five years, and includes the Northeast
Atlantic (Area 27), Northwest Atlantic (Area 21), Western Central Atlantic (Area 31),
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Mediterranean and Black Sea (Area 37), Southwest Pacific (Area 81), and Southeast
Atlantic (Area 47). It is interesting and noteworthy that such declines occurred
at different times: in the Northwest Atlantic in the late 1960s; in the Northeast and
Southeast Atlantic in the mid-1970s; in the Western Central Atlantic and Mediterranean
and Black Sea in the mid-1980s; and in the Southwest Pacific in the early 1990s (Figure
A4). This sequence largely reflects the fact that areas surrounded by the most-developed
countries experienced the earliest decline in catches.

The largest decline was seen in the Northwest Atlantic, where landings dropped by
55 percent from their peak to 2009. The second-largest drop was in the Western Central
Atlantic with 46 percent, followed by the Southwest Pacific with 37 percent and the
Northeast Atlantic with 35 percent. The total catches in the Mediterranean and Black

Sea dropped by 28 percent.
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The third group comprises the FAO areas that
have shown a continual increase in catch since 1950
(Figure A5). There are only three areas in this group:
Western Central Pacific (Area 71), Eastern (Area 57)
and Western Indian Ocean (Area 51). They have
contributed 26.4 percent of the total catch on average in
the last five years. Minor drops in catch have also been
seen in Western Central Pacific and Western Indian
Ocean in the last two years. However, considering the
uncertainty involved in catch reporting and natural
fluctuation in fish stock abundance, such declines might
have been caused by environmental “white noise” and
need to be monitored over the next few years.
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Major characteristics and significant changes

Fluctuations in the abundance of a fish stock are a common phenomenon, particularly
for low-trophic-level species. As a result, the catch of this stock also usually oscillates
in a similar manner. However, at a regional level, fluctuations in catch often appear to
be less marked. This is because: (i) fish stocks within an ecosystem often compensate for
one another as they increase and decrease in abundance; and (ii) aggregation over catches
of all species usually smoothes out the variations of low-trophic-level and short-lived
species. This is because the abundance and catch of high-trophic-level and long-lived
species often vary less.

In the three groups defined above for analysing overall catch trends, the first group —
Eastern Central and Southwest Atlantic, and Southeast, Northeast and Eastern Central
Pacific, and Northwest Pacific — had large fluctuations in landings (Figure A3). The
largest fluctuation is seen in the Southeast Pacific (Area 87; Figure A3). A drop of about
10 million tonnes occurred between 1970 and 1973. The fish stocks then recovered and
produced an all-time high catch of more than 20 million tonnes in 1994. The catch from
this area dropped by 12 million tonnes again in the subsequent five years (between 1994
and 1998) and was at about 12 million tonnes in 2009, almost as high as its first peak in
1970. The large interannual variation in catch from the Southeast Pacific is caused by
the large proportion of pelagic species in catches from the area. The top three species
were anchoveta (Engraulis ringens), Chilean jack mackerel (Trachurus murphyi) and
South American pilchard or sardine (Sardinops sagax); together, they account for more
than 80 percent of the current and historical catches. They have had alternating periods
of high and low abundance in recent decades. Large catch fluctuations are common
in this region and are mostly a consequence of the periodic climatic events known as
El Nifio. El Nifio events affect fishing success as well as longer-term stock abundance
and productivity. These and other changes in fisheries production from Area 87 are
described in further detail in Chapter B15 of this volume.

Significant fluctuations were also reported for other regions, although their combined
effect on global catches was less noticeable. For example, in the Northeast Pacific
(Area 67, Chapter B11), fish production reached a peak of 3.6 million tonnes in 1987
and declined to 2.2 million tonnes in 2009, following a slight recovery to 3.2 million
tonnes in 2005 (Figure A3). The Northwest Pacific has shown an oscillation between
20 and 24 million tonnes since the late 1980s (Figure A3). The fluctuations were caused
by catch and, presumably, abundance changes of Japanese pilchard or sardine (Sardinops
melanostictus) and Alaska pollock (Theragra chalcogramma). These and other changes
in total catch and state of resources are further described in Chapter B10.

In the Eastern Central Pacific (Area 77), described in Chapter B13, catches have
fluctuated between 1.2 and 1.8 million tonnes since 1981 (Figure A3).The 2009 catch
was at a peak of about 2 million tonnes, probably because of the recovery of California
pilchard or sardine (Sardinops caerulens). They yielded 0.8 million tonnes in 2009, an
all-time record high and slightly higher than the high catch of 720 000 tonnes in 1936,
which occurred during the previous high “regime” of this species. This previous peak
period lasted from the late-1920s throughout the early-1940s. The total landings of the
Southwest Atlantic (Chapter B6) have also fluctuated around 2 million tonnes since
the late 1980s (Figure A3). Argentine hake, Argentine anchovy, Argentine short-fin
squid and Argentine red shrimp are the species that show strong fluctuations in this
area.

Temporal fluctuations in the landings of the second group (declining landings) are
weaker (Figure A4). The landings from the Northeast Atlantic (Chapter B2) have
continued the declining trend seen since the mid-1970s. This has mainly been caused
by the decline in Atlantic cod (Gadus morhua) since the late 1960s, with a bounce back
in the 1990s. It is noteworthy that landings of blue whiting (Micromesistius poutasson),
which increased gradually since the 1970s and reached a peak of about 2 million tonnes
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in 2003, dropped back to below 1 million tonnes in 2009. Sandeels (Ammodytes spp.)
also experienced a striking and marked drop to below 0.4 million tonnes in 2009 after
peaking at more than 1.2 million tonnes in the mid-1990s.

In the Northwest Atlantic (Area 21), fish production declined to a low of 2 million
tonnes in 1994 (Figure A4), following the collapse of groundfish stocks off eastern
Canada. However, the catch has since stabilized at about 2 million tonnes. The collapse
in Atlantic cod in the 1970s and of American plaice in the early 1990s has been balanced
out by the increase in catches of low-trophic- level species such as American sea scallop
and American lobster.

The Western Central Atlantic (Area 31), Mediterranean and Black Sea (Area 37) and
Southwest Pacific (Area 81) have also experienced a period of declining catches, but
to a lesser extent (Figure A4). Large reductions in catches have been seen in the last
decade for round sardinella, ocean catfish NEI (not elsewhere included) and requiem
sharks NEI in the Western Central Atlantic, and for mullets, blue whiting and common
octopus in the Mediterranean and Black Sea, and for blue grenadier and oreo dories
NEI in the Southwest Pacific.

Of the three areas showing a continuously increasing trend in catch, the West Indian
Ocean (Area 51) and Western Central Pacific (Area 71) have shown some signs of
decline in the last few years (Figure A5), though these may be natural fluctuations.
When examining this trend at the species level, large declines are clear for skipjack and
yellowfin tuna, and for natantian decapods NEI in the West Indian Ocean. However,
decreases in those species were balanced out by increases in the catches of other
redfishes, Indian oil sardine, and giant tiger prawn. Similarly, reductions in sharks, rays,
skates etc NEI and in penaeid shrimps NEI, from these areas was compensated by an
increase in skipjack tuna, threadfin breams NEI and natantian decapods NEI in the
Western Central Pacific. Standing out from all other areas, the East Indian Ocean is the
only FAO area that has not shown any sign of decline in total catch, and no clear decline
in catch has been seen in major fish species (Chapter B9).

Tunas and tuna-like species are collectively the most valuable fishery resources
exploited in the high seas. Their total production is highest in the Pacific Ocean followed
by the Atlantic and Indian Oceans. As discussed in Chapter Cl1, catches of tuna and
tuna-like species increased from less than 0.5 million tonnes in the early 1950s to an
all-time high of 5.5 million tonnes in 2006. The catch has stabilized at about 5.4 million
tonnes since 2003. Among the species, skipjack tuna (Katsuwonus pelamis) accounts for
about 47 percent, at 2.6 million tonnes in 2009. Yellowfin tuna contributed 20 percent of
the catch (1.1 million tonnes) followed by bigeye tuna at 7 percent (0.4 million tonnes)
and kawakawa at 6 percent (0.3 million tonnes) in 2009.

Total recorded catches from deep-sea fisheries reached a peak of about 3.6 million
tonnes in 2004 and then dropped back to 1.9 million tonnes in 2009 (Chapter C4). The
Atlantic Ocean supports the largest deep-sea fishery, contributing about 80 percent of
the total deep-sea catch between 2000 and 2005, followed by the Pacific Ocean and
Indian Ocean. The dramatic decline can largely be attributed to the decrease in reported
catches of blue whiting in the Atlantic Ocean. The catch of blue whiting decreased
from 2.4 million tonnes in 2004 to about 65 000 tonnes in 2009, owing to a decline
in recruitment, spawning stock biomass and a reduction of quotas (ICES, 2011). The
species that have yielded a high average catch in the last five years (2005-09) in the
Atlantic Ocean include Patagonian grenadier (Macruronus magellanicus), Greenland
halibut (Reinhardtius hippoglossoides), southern blue whiting (Micromesistins australis)
and ling (Molva molva).

The top five species are blue whiting (= poutassou), contributing 1.5 million
tonnes in 2009 and accounting for 35 percent of the total catch of deep-sea fisheries,
followed by hairtails and scabbardfishes NEI (135 000 tonnes, 7 percent), Patagonian
grenadier (132 000 tonnes, 7 percent), blue grenadier (112 000 tonnes, 5 percent) and



Global overview of marine fishery resources

Greenland halibut (97 000 tonnes, 5 percent). Patagonian grenadier, Greenland halibut,
blue grenadier, southern blue whiting, orange roughy, and oreo dories NEI have all
experienced clear declines in catch.

A recurring pattern in some areas is the medium- to long-term change in catch
composition following the decline of some fish stocks that had traditionally been
dominant. For example, in the Northwest Atlantic (Chapter B1), catches of molluscs
and crustaceans have increased noticeably following the declines of demersal fishes.
In the Northeast Atlantic (Chapter B2) the reduction in catches from the continuous
decline in Atlantic cod since the late 1960s has been balanced out by the increase in
catches of formerly low-value species, such as blue whiting and sandeels. In the
Northwest Pacific (Chapter B10), the decline in catches of Japanese pilchard or sardine
and Alaska pollock has been somewhat offset by the increasing catches of Japanese
anchovy (Engraulis japonicus), largehead hairtail (Trichiurus lepturus) and squids
(mostly Todarodes pacificus). The causes for these medium- to long-term changes in
the species composition of marine commercial catches can be multifold. These causes
include adaptation of industry and markets to previously unattractive low-valued
species, and the effect of fishing on the abundance of target species and on the structure
of other marine communities. At the same time, environmental changes or regime shifts
affecting the long-term abundance of the various wild fish stocks have occurred. Often,
these effects are confounding and in many cases they are difficult to discern. This is
particularly the case in areas where research and monitoring of fishery resources and
environmental processes are not well developed.

Catch composition
Pelagic species comprise the largest proportion of the global marine catches. Small
pelagics (ISSCAAP Group 35: herrings, sardines, anchovies, etc.) contributed about
22 percent (19.9 million tonnes) of the total catch in 2009 (Figure A6). This share is down
from 29 percent in the 1950s and 27 percent in 1970s. The large pelagics (ISSCAAP
Groups 36 and 37: tunas, bonitos, billfishes and miscellaneous pelagics) accounted
for 19 percent (16.6 million tonnes) of the total catches in 2009. This is an increase in
their share from 13 percent in the 1950s. Demersal fishes (ISSCAAP Groups 31, 32
and 34: flounders, halibuts, soles, cods, hakes, haddocks and miscellaneous demersals)
contributed 12 percent of the total catches in 2009 (10.9 million tonnes), compared
with almost 26 percent in the 1950s and 1970s. Miscellaneous coastal fishes (ISSCAAP
Group 33) increased slightly to 8 percent (7.2 million tonnes) from 7 percent in 2009.
Catches of crustaceans (ISSCAAP Groups 42, 43,

44, 45, 46 and 47: crabs, lobsters, shrimps, prawns,

krill, etc.) contributed 6 percent (5.4 million FIGURE A6

tonnes) in 2009, slightly lower than 7 percent
in 2002. Molluscs (ISSCAAP Groups 52, 53,
54, 55, 56, 57 and 58: abalones, conchs, oysters,
mussels, scallops, clams, squids, octopus, etc.)
increased slightly from 6 percent in the 1950s and
1970s to 7 percent (6.2 million tonnes) in 2009.
The proportion of unspecified fish (ISSCAAP
Group 39) decreased slightly with 11 percent of
the total catches (9.9 million tonnes) in 2009.

In world fish production, pelagic — defined
here as those belonging to ISSCAAP Groups 34-
37 (following Grainger and Garcia [1996]) is
defined to include jacks, mullets, sauries, herrings,
sardines, anchovies, tunas, bonitos, billfishes,
mackerels, snooks and cutlassfishes. Demersal
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tonnes (Figure A7). Production from pelagic
species increased over time, with large fluctuations reflecting both natural variations
in species productivity as well as boom and bust harvesting strategies. Production of
pelagic species peaked at 40 million tonnes in the early 1990s that has been followed by
a decreasing trend. The production of other species continued to increase until 2000
and has since stabilized at about 22 million tonnes. In 2009, pelagic, demersal and other
species represented 46 percent, 24 percent, and 30 percent, respectively (Figure A7).

The distribution of landings among species is highly skewed. Among the 221 pelagic
species recorded, the top ten were anchoveta, Atlantic herring, chub mackerel, Chilean
jack mackerel, Japanese pilchard, South American pilchard, capelin, skipjack tuna,
European pilchard (= sardine), and Japanese anchovy, in sequence of the average catch
from 1950 to 2009. Together, they contributed about 50 percent of the total pelagic
landings in 2009 and about 22.5 percent of total global landings.

All the top ten pelagic species have experienced substantial declines in catch, except
skipjack tuna (Figure A8). The most dramatic boom-bust catch patterns have been seen
in Japanese pilchard, South American pilchard, and capelin. Their historical peak catches
were 4—6 million tonnes, but were negligible in 2009. Peruvian anchovy has recorded
the largest catches of pelagic species and demonstrated the most dramatic variations. It
had a peak catch of 12 million tonnes in 1969, very low catches between 1970 and 1990,
and resurging back to about 12 million tonnes in 1994, and was still 7 million tonnes
in 2009. Skipjack tuna has been the only species that has shown a continuous growth
in total catch, from 0.16 million tonnes in 1950 to 2.6 million tonnes in 2009. This is a
16-fold expansion in catch over this 59-year period.

FIGURE A8
Temporal catch patterns of the top ten demersal species
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FIGURE A9
Temporal catch patterns of the top ten pelagic species
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For demersal species, the top ten species were Alaska pollock (= walleye pollock),
Atlantic cod, largehead hairtail, blue whiting (= poutassou), sandeels (= sandlances) NEI,
haddock, saithe (= pollock), Cape hakes, Atlantic redfishes NEI, and flatfishes NEI,
ordered in terms of average annual landings from 1950 to 2009. In general, production
of the top ten demersal species is not as high as that of pelagic species, nor do they
exhibit variations in catch of the same extent. These ten species produced 37 percent
of the total demersal landings in 2009 (Figure A9). The most common pattern across
these ten species has been a decreasing trend in catch. Nine of the ten species produced
a much lower catch in 2009 than their historical highs. Most of them had a peak catch
in the 1960s or 1970s. Largehead hairtail is the only species that has not experienced a
decline, but a levelling off in catch since the mid-1990s.

Species composition varies from area to area around the world. All the major species
groups were represented more or less equally in the Northwest Pacific (Area 61)
(Figure A10). Small pelagics (mostly anchoveta) dominate catches in the Southeast
Pacific (Area 87). In the Northeast Atlantic (Area 27), demersal fishes were the most
abundant, followed by larger pelagics and small pelagics. In the Western Central Pacific,
catches were dominated by larger pelagics, which were also the most abundant group in
the Western Indian Ocean (Area 51). Small pelagics were also dominant in the Eastern
Central Atlantic (Area 34), Mediterranean and Black Sea (Area 37), Western Central
Atlantic (Area 31) and Eastern Central Pacific (Area 77). In contrast, demersal fishes
were the dominant species group in the Northeast Pacific (Area 67) and Southwest
Pacific (Area 81).

FIGURE A10
Cath species composition by main species groups in major fishing areas in 2009
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STATE OF EXPLOITATION

Since its first publication of the global review of marine fish stocks in 1971 (Gulland,
1971),the FAO Fisheries and Aquaculture Department has been regularly assessingand
monitoring the state of world marine fish resources. Assessment methodologies used
in its reviews are described in Appendix. As explained there and in the last paragraph
of this section, a modified approach has been adopted for this review. This includes
the reduction of the number of categories of state of exploitation from five to three.
A primary goal of this change has been an attempt to ensure greater standardization
in the assessment methods between regions. At the same time, it also recognizes
the large differences in the amount and quality of data and information available in
different regions. This new method will probably have led to slight differences in
the regional assessments of state of exploitation compared with the result that would
have been obtained with the previously used approach. This could mean that the two
approaches may not be directly comparable. However, this issue should not affect
the aggregated global estimates. These should be comparable, taking into account
the large uncertainties that are an unavoidable feature of any global assessment of the
state of stocks.

The assessment data available to FAO in 2009 from the 17 FAO Statistical Areas
plus the “Tuna” category has been summarized in Tables D1-D19. These tables address
584 “stock” items, of which 395 stocks were assessed in 2009, representing 70 percent
of global catch. The remaining 189 stocks had either insufficient information for status
assessment or catches with no proper identification, even at the family level, that was
provided in official national statistics. Some species, even where properly identified in
the official statistics, were not monitored or investigated because of the inadequacy
of other data requirements. Species in this group usually correspond to less-abundant
and lower-value species on which research effort tends to be limited. However, there
are also some major stocks and fisheries with limited data, including stocks of mullets,
mussels, shrimps and prawns in several areas, bonga shad (Ethmalosa fimbriata) and
European anchovy (Engraulis encrasicolus) in the Eastern Central Atlantic, Pacific cod
(Gadus macrocephalus) in the Northeast Pacific, and various newly exploited deep-sea
resources.

FAO has always made efforts to standardize the number of marine stocks or species
groups monitored and described for each major fishing area. However, the uneven
availability of information and distribution of catch volumes have limited the number
of stock groups able to be considered per area. In addition, in some parts of the world,
there are relatively large numbers of stocks or species groups whose state of exploitation
is undetermined or not known. The Western Indian Ocean (Area 51) and Western
Central Atlantic (Area 31) are fishing areas with

Percentage

Global trends in marine fish stock status from

the highest incidence of stocks or species groups
for which the state of exploitation is reported as
not known or uncertain in the regional reviews

FIGURE A11
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presented in Part B of this paper.

With the development of world fisheries, both
the assessment methods and the data available
for such assessment have changed significantly.
It is noteworthy that this review uses three
categories: non-fully exploited, fully exploited
and overexploited (Figure A11). This decision
was made following recommendations from an
external review panel on the FAO method and
FAO’s internal review. It reflects the fact that the
data currently available to FAO for most stocks
do not provide sufficient information for the
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differentiation between recovery and depleted and between underfished and moderately
exploited. The category of “fully exploited” represents stocks with an abundance that
falls within a band around the level that can produce MSY. Provided these stocks are
being carefully monitored and managed in a precautionary manner, this is a desirable
status. In comparison with the five categories used in the previous assessments, the
underfished and majority of the “moderately exploited” stocks have been merged
and now roughly correspond to the new “non-fully exploited” category. Parts of the
“moderately exploited” and “overexploited” stocks under the earlier approach may
have been classified as “fully exploited” in this new approach and merged with those
classified as “fully exploited” by both the old and new methods. Finally, both “depleted”
and “recovering” stocks are merged into “overexploited” (for details, see Appendix 1).

Global stock status

Of the fish stocks assessed, 57.4 percent were estimated to be fully exploited in 2009.
These stocks produced catches that were already at or very close to their maximum
sustainable production. They have no room for further expansion in catch, and even
some risk of decline if not properly managed. Among the remaining stocks, 29.9 percent
were overexploited, and 12.7 percent non-fully exploited in 2009. The overexploited
stocks produced lower yields than their biological and ecological potential. They require
strict management plans to rebuild their stock abundance to restore full sustainable
productivity. The World Summit on Sustainable Development (WSSD) goal demands
that all these overfished stocks be restored to the level that can produce MSY by 2015.
This review suggests that this goal is very unlikely to be achieved, notwithstanding
the good progress made in some countries and regions (Worm et al., 2009). The non-
fully exploited stocks were under relatively low fishing pressure and have a potential
to increase their production. However, these stocks often do not have high production
potential. The potential for increase in catch may be generally limited. Nevertheless,
proper management plans should be established before increasing the exploitation
rate of these non-fully exploited stocks in order to avoid following the same track of
overfishing.

The proportion of non-fully exploited stocks has decreased gradually since 1974, when
the first FAO assessment was accomplished (Figure A11). In contrast, the percentage
of overfished stocks has since increased, especially in the late 1970s and 1980s from
10 percent in 1974 to 26 percent in 1989. After 1990, the number of overfished stocks
continued to increase, but the rate of increase slowed, until the last two assessments,
reaching about 30 percent in 2009. The fraction of fully exploited stocks demonstrated
the smallest change over time. The percentage dropped from about 50 percent at
the start of the series to 43 percent in 1987 and has increased to 57.4 percent in 2009
(Figure A11).

A primary fishery management goal is to control fishing at a level that allows the
fishery to produce sustained annual yields. This yield should be as close to MSY as
allowed by responsible management within the context of an ecosystem approach. This
goal should lead to keeping the proportion of overexploited stocks at zero, as required
by the WSSD goal set in 2002. At the same time, it allows for increasing exploitation
rates on non-fully exploited stocks. This would maximize the sustained contribution
of fisheries to global food security and human well-being. The increasing trend in fully
exploited stocks after 1990 indicates the positive impact of fishery management towards
maximizing production. However, close attention is required to all fully exploited
stocks to ensure that they are not overexploited in the future. Moreover, the increase in
overfished stocks is a cause for concern. It indicates that, at the global level, the WSSD
targets for rebuilding the overfished stocks and implementing an ecosystem approach
are not being met. Nevertheless, the deceleration in the rate of increase of overfished
stocks after 1990 in comparison with the 1980s may indicate some progress in improved
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Areas had 15-30 percent of fish stocks overexploited (Figure A12).

In terms of potential for further expansion, the Eastern Central Pacific (Area 77) and
Southern Oceans (Areas 48, 58 and 88) had the highest proportion of non-fully exploited
stocks, about 38 percent in 2009 (Figure A12). However, these areas are not major fishery
production areas and contributed only 2.3 percent and 0.2 percent of global catch,
respectively, in 2009. The Southwest Pacific (Area 81) and Eastern Indian Ocean (Area 57)
and Mediterranean and Black Sea had about 20 percent of stocks underexploited and may
provide opportunities for further fishery expansion. All the remaining areas had a very
low percentage of fish stocks that have room for expansion in catch.

Differences can also be found in stock status between pelagic and demersal fish
stocks. Demersal stocks had the highest percentage of overfished stocks and the lowest
proportion of non-fully exploited stocks, at 38 percent and 7 percent, respectively, in
2009 (Figure A13). In contrast, pelagic species had only 22 percent of stocks overfished,
but 16 percent non-fully fished in 2009. The percentage of fully exploited species was
54 percent for demersal and 62 percent for pelagic. Overall, these percentages indicate
that pelagic stocks are in better shape than demersal species, with more stocks being
sustainably fished and fewer stocks overfished. The results seem associated with the
biological and ecological characteristics of pelagic and demersal species and with the
history of fishery development. The “Others” group had percentages for both overfished
and non-fully fished stocks in between those for demersal and pelagic (Figure A13).

For the top ten pelagic species, 30 percent of stocks were estimated to be overfished
in 2009, which is higher than the 20 percent for all pelagics (Figure A13). In contrast,

the top ten demersal species had 43 percent of

FIGURE A13 their stocks overfished, similar to the average for
Percentages of fish stocks in different status | all demersal species. However, both pelagic and
by three groups in 2009 demersal top-ten groups had no underexploited
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L] stocks, which is not surprising as large stocks are
more likely to become the target of fishing. They

also attract more effort for management so that they
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‘ ‘ ‘ ‘ ‘ ‘ for the top ten pelagic species probably reflects the

widespread risk of overfishing taking place even
when there are good management systems in place.
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to maintain catches even when they may exceed
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Tuna stock status

Tuna and tuna-like species have high commercial values and support fisheries of a global,
multigear and multispecies nature. All the world’s tuna and tuna-like species are the
subject of research and management by regional fisheries management organizations
(RFMOs). There are five main tuna fishery management bodies: the Western and Central
Pacific Fisheries Commission, the Inter-American Tropical Tuna Commission, the
Indian Ocean Tuna Commission, the International Commission for the Conservation
of Atlantic Tunas and the Commission for the Conservation of Southern Bluefin Tuna.
Tuna RFMOs cover a large part of the world’s oceans, and they involve many countries.
Tuna fisheries are characterized by high commercial value, global nature, and complex
management. They involve many different types of stakeholders, and this frequently
makes management scientifically and politically complex. International management of
tuna and tuna-like species is governed by several legal instruments such as the binding
UNCLOS, the UNFSA (UN, 1995) and the voluntary FAO Code of Conduct for
Responsible Fisheries (the Code) (FAO, 1995a).

FAO has been monitoring the state of principal market tuna stocks as part of its
initiative to assess the stock status of the world’s marine fishery resources. Principal
market tunas include: albacore (Thunnus alalunga), Atlantic bluefin tuna (7. thynnus),
bigeye tuna (7. obesus), Pacific bluefin tuna (7. orientalis), southern bluefin tuna
(T maccoyiz), yellowfin tuna (7. albacares), and skipjack tuna (Katsuwonus pelamis).
They represented about 80 percent of the total catch of tuna and tuna-like species in
2009. Because of their wide distributions, the state of each of these seven tuna species
was assessed at the stock level, rather than by FAO Statistic Area as is done for other
species. FAO’s classification is based on a variety of data and information including
those from tuna RFMOs and may not necessarily be the same as those of the RFMOs.

The global annual catch of tuna and tuna-like species has shown an increasing trend
from less than 1 million tonnes in 1950 to about 6.5 million tonnes in 2009. The global
production of the principal market tunas increased relatively steadily from less than
0.5 million tonnes in the early 1950s to a maximum of about 4.4 million tonnes in 2005
and has since stabilized at this level (Chapter C1). In particular, catches of skipjack
have continued to increase up to 2009. Albacore has shown a much weaker increasing
trend since the 1970s, with greater interannual variations. In contrast, yellowfin, bigeye,
Atlantic bluefin, Pacific bluefin and southern bluefin tunas have all shown a gradual
decline in catch after reaching their historical peaks.

Among the seven major tuna species, one-third were estimated to be overfished in
2009, close to the 30 percent for all monitored stocks. Of the remainder, 37.5 percent were
fully exploited and 29 percent non-fully exploited in 2009. This compares favourably
with 57.5 percent and 12.7 percent of the global average.

Uncertainty

All stock assessments involve uncertainty, and uncertainty arises from three different
sources: data, methods and the process of applying the methods to the data. Awareness of
the degree of such uncertainty helps to understand the reliability of the results and their
interpretation. In the 2009 assessment, the uncertainty of each assessment was scored
according to one of three categories: “high”, “medium” and “low” (for more information,
see Appendix 1). In general, the Northwest Atlantic (Area 21), tunas, Northeast Atlantic
(Area 27), and Northeast Pacific (67) had the lowest uncertainty, with 80-96 percent of
assessed stocks having low uncertainty. These were followed by the Eastern Central (34)
and Southwest Atlantic (Area 41) and Mediterranean and Black Sea (Area 37) with about
63 percent of stocks having low uncertainty (Figure A14). In contrast, the Eastern Indian
Ocean (Area 57) and Western Central Pacific (Area 71) have the highest uncertainty (84—
88 percent), with no stocks assessed as having low uncertainty about their status. This
high uncertainty results from a combination of limited data available, the existence of
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is difficult to estimate the extent of this increase
because it is not only related to the current abundance of overfished stocks but also
depends on the biological and technical interactions between species. Nevertheless, the
top ten demersal species have 43 percent of stocks overfished. As a result, their 2009
production was only 51 percent of their peak level. This may give some indication
of the scale of catch loss caused by overfishing. However, better estimates of the lost
production will require a combination of stock assessments and ecosystem modelling.
A second approach for increasing global production would be to intensify exploitation
of the non-fully exploited stocks (13 percent of the monitored stocks). To avoid the
same pattern of overfishing that has been experienced with other species in the past, any
attempt to intensify exploitation on non-fully exploited stocks should be accompanied
by precautionary management plans.

This updated assessment suggests that the state of global marine fish stocks is
continuing along its historical trend. There has been a slow but apparently ongoing
increase in the proportion of overexploited stocks and a decreasing percentage of non-
fully exploited stocks, while the number of fully exploited stocks has increased slightly.
However, it must also be noted that progress is being made in some regions, which
should serve both as encouragement and as examples of successful management. For
example, the number of stocks classified as overfished and/or subject to overfishing
showed a fall in Australia from 24 in 2005 to 18 in 2008 (Wilson et al., 2009). Fisheries
in large marine ecosystems such as the California Current and the Eastern Bering Sea
have reduced exploitation rates and rebuilt biomass to or above the level that produces
multispecies MSY (Worm er al., 2009).

Of the three categories describing stock status, the percentage of overfished stocks
is the one of greatest concern. Not only can overexploitation cause negative ecological
consequences, it can also reduce fish production with resulting negative social and
economic consequences (World Bank and FAO, 2009). The need to improve management
of stocks is widely recognized. The WSSD set a target to restore all overfished stocks to
the level that can produce maximum sustainable yield by 2015. The strategic goal of the
2010 Conference of the Parties to the Convention on Biological Diversity is: “by 2020
all fish and invertebrate stocks and aquatic plants are managed and harvested sustainably,
legally and applying ecosystem approaches” (UNEP, 2010). The UN Millennium
Development Goals (UN, 2010) is also monitoring the proportion of fish stocks within
“safe” biological limits as an indicator of environmental sustainability. The successful
cases highlighted above demonstrate that effective management is possible. Member
States, the general international community and all relevant stakeholders need to work
together to achieve the agreed goals.
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Assessing stock status usually requires
quantitative analysis either through modelling
or monitoring key indicators. Catch data alone
are often insufficient, although they may allow

FIGURE A15
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of the global catch. There is still 30 percent of the global catch without any formal
assessment. This is mainly because these catches are taken from stocks or species groups
with insufficient information to assess their state of exploitation. Moreover, within the
above, there is a high proportion of the total marine catch without reliable information
on what species are being caught. This catch was recorded in the FAO database as
“miscellaneous fishes” or “marine fish NEI”. These landings are termed here as the
“NEI” group, and the share of global catch statistics attributed to this group increased
to 33 percent in 2009 (Figure A15). Assessing stock status for the “NEI” group is often
difficult, although not completely impossible. Therefore, greater effort needs to be made
at all levels and stages of fisheries research and management. These actions should range
from improving the identification of species being caught and landed to improving the
information base for the proper assessment of fish stocks as required by the Code. This
code requires that “States should ensure that timely, complete and reliable statistics
on catch and fishing effort are collected and maintained in accordance with applicable
international standards and practices and in sufficient detail to allow sound statistical
analysis” (Article 7.4).
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INTRODUCTION

Area 21 extends over 6.5 million km? and covers 43 degrees of latitude from Greenland
to the Carolinas off the United States of America (Figure B1.1). It encompasses an
extensive continental shelf and slope out to 1 000 m that covers 1.3 million km? Tt
comprises the mid-Atlantic Bight of the United States of America, Georges Bank/Gulf
of Maine, the Scotian Shelf, the Gulf of St Lawrence, the Grand Banks, the northeast
Newfoundland and Labrador Shelves, Davis Strait and Baffin Bay bordering the Arctic
Basin. It is one of the few places in the world where the continental shelf extends into
international waters beyond 200 nautical miles from land — this occurs on both the
Grand Banks and the Flemish Cap. As a result, some of the fisheries are managed by an
RFMO, namely, the Northwest Atlantic Fisheries Organization (NAFO).

The marine environment of the region encompasses the extremes, from Arctic to
subtropical conditions. It includes three large oceanographic regions identified by
the International Council for the Exploration of the Sea (ICES, 2011). The first is the
Eastern Arctic (EA), which comprises Batfin Bay and allows Arctic waters to flow
south (Dickson et al., 2007). The second region is the Sub-Polar Northwest Atlantic
(SP-N'WA), which extends from Davis Strait south to the Tail of the Grand Bank. This
region is strongly influenced by a subpolar gyre (Loder, Petrie and Gawarkiewicz,
1998) and the cold Labrador Current (Colbourne er al., 2010), which carries subpolar
water south along the shelf to mid-latitudes in the upper ocean. The third region is

FIGURE B1.1
The Northwest Atlantic (Area 21)
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Long-term annual-mean temperature

the Mid-Latitude “Transition Zone” (ML-
TZ) from Cape Hatteras north to the largely
enclosed Gulf of St Lawrence, eastward to the

FIGURE B1.2

Tail of the Grand Bank. This region is affected
by competing influences of the counter-flowing
subpolar, subtropical and slope waters (Loder,
Petrie and Gawarkiewicz, 1998). Warm tropical
Gulf Stream waters come into close proximity
to subpolar (Labrador Current) waters at
the southern edge of the Grand Banks. Here,
subsurface temperatures change from subzero
to over 20 °C within a few kilometres (red to
purple transition in Figure B1.2). Subpolar
waters have generally dominated much of the
shelf in this zone in recent history (Wanamaker
et al., 2007), but there are increasing influences
of subtropical waters towards Cape Hatteras.
In 1497, the historical expedition led by John
Cabotdiscovered abundantresourcesof Atlantic
cod (Gadus morbua) off Newfoundland. For
a period of almost five centuries, this fishery
supplied the world’s population with about
200 million tonnes of fish (www.nafo.int/about/
frames/history.html). Cod was referred to as
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development of new fisheries for haddock

(Melanogramus aeglefinus), mackerel (Scomber
scombrus) and lobster (Homaris americanus). It also saw the beginning of fishery
management in Area 21. Fishery research institutions at Woods Hole in the United
States of America and the St Andrews Biological Station in Canada were the first to be
established under the direction of new government departments (services) with a mandate
of fishery management. The United States of America began to record the fishing ground
of landings at major Atlantic coast ports in 1891. The first attempt at promoting and
coordinating international marine fisheries research in the Northwest Atlantic was taken
by the North American Council on Fishery Investigations in 1921. The first subdivision
of the Northwest Atlantic for the purpose of collecting fishery statistics by area of capture
was made in the early 1930s.

The most profound development in Northwest Atlantic fisheries occurred from
the 1950s to the 1970s, when European and Asian distant-water fleets expanded into
Northwest Atlantic waters. It resulted in a massive increase in effort and the development
of numerous offshore fisheries. This prompted the formation of the International
Convention for the Northwest Atlantic Fisheries to manage these emerging fisheries
(Anderson, 1998). The number of contracting parties (countries) to this organization
increased from the initial five (Canada, Denmark, Iceland, the United Kingdom of
Great Britain and Northern Ireland, and the United States of America) in 1951 to a high
of 18 by 1975. This reflected the large increase in fishing capacity and diversification
of exploited species. These distant-water fleets were capable of fishing for months at
a time without landing product. Fishing had previously been constrained near shore.
Now, it was extended out to great depths for many new fisheries including deepwater

species such as redfish (Sebastes sp.), Greenland halibut (Reinhardtius hippoglossoides),
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witch flounder (Glyplocephalus cynoglossus), and grenadiers (Macrouridae). As early
as the 1960s, it was recognized that overfishing was taking place, but controls were
limited because the harvest was taking place in international waters. In the late 1970s,
as in other parts of the world, the coastal States in Area 21 extended jurisdiction out to
200 miles in order to gain control of the harvest.

After supporting a sustainable fishery for more than five centuries, cod became
severely depleted by the early 1990s. Catches were affected by a combination of factors
besides heavy fishing that started in the 1960s. Environmental factors hypothesized to
be involved included cold conditions linked to stronger Labrador Current flows, and a
reduction in their key food (capelin [Mallotus villosus]). Seal predation and possibly low
oxygen concentration have also been implicated in the decline of cod. In fact, cod were
virtually gone on the northern extent of the Labrador Shelf (referred to as 2GH cod).
This region had been unfished prior to the 1960s. A host of other demersal fish species
such as American plaice (Hippoglossoides platessoides), redfish, Greenland halibut,
witch flounder and grenadier species also collapsed in the same period. This indicated
that environmental influences as well as overfishing played a role in the reduction of
many commercial fish species.

Cod, American plaice, witch flounder, cusk (Brosme brosme), white hake (Urophycis
tenuis) and grenadiers remain in low abundance in most parts of their range, even under
moratoria or strict regulatory limitations. However, not all demersal fish underwent a
declineinthe early 1990s and some have recovered in recent years. For example, yellowtail
flounder (Limanda ferruginea), particularly on the Grand Banks, has fully recovered
to near virgin biomass. Populations of Atlantic halibut (Hippoglossus hippoglossus) and
haddock (Melanogrammus aeglefinus) on the Scotian Shelf to Georges Bank have also
grown in recent years. On the Georges Bank, declining gadoid resources that were
replaced by elasmobranchs such as skates (Rajidae) and dogfish (Squalus acanthias) in
the 1980s have begun to recover. Pelagic fish resources, primarily menhaden (Brevoortia
tyrannus), herring (Clupea harengus) and Atlantic mackerel (Scomber scombrus) have
continued to support fairly stable fisheries since the mid-1970s. They constitute about
23 percent of total reported landings in Area 21 since 2001. The key Georges Bank
herring stock recovered in the 1990s from the overfishing in the 1970s.

In contrast, invertebrate species, primarily shrimp (Pandalus sp.) and snow or queen
crab (Chionoecetes opilio) both greatly increased their abundance and range in the 1980s
and 1990s, particularly off Newfoundland and Labrador. Lobster (Homarus americanus)
and sea scallop (Placopecten magellanicus) have increased slightly in the long term.
These increases in shrimp and crab resources have supported emerging fisheries that
have driven the total landed values to record highs in recent years. This has been despite
the reduction in traditional demersal fish stocks. Shrimp and sea scallop fisheries have
had the largest catch in Area 21 since 2001. This change in an ecosystem dominated by
demersal fish species to one dominated by invertebrate species may have constituted a
regime shift (Lilly, Parsons and Kulka, 2000, ICES, 2009).

PROFILE OF CATCHES
Nominal catches in Area 21 doubled from 2.3 million tonnes in 1950 to peak at
4.6 million tonnes in 1968 (Figure B1.3; Table D1). Catches subsequently declined
from 4.4 million tonnes in 1973 to 2.8 million tonnes in 1978. They stabilized at about
2.7 million tonnes until 1984 then increased slowly, reaching 3.3 million tonnes in 1990.
Catches subsequently declined steeply to about 2 million tonnes in 1994, as a result of
the groundfish collapse off eastern Canada. A slight recovery has been evident since
1998, when 1.96 million tonnes were reported. Total catch increased to 2.3 million
tonnes in 2001 and has fluctuated around that value since then.

Historic patternsin catchin Area21 are primarily affected by changes in cod (decrease)
and shrimp (increase) stocks. Cod catches dominated the fisheries catches prior to the
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1950s and increased in the 1960s to a peak of
almost 2 million tonnes. They then declined
to below 500 000 tonnes in 1977 as a result
of overfishing and other factors noted above.
The catches from the southern Labrador —
eastern Newfoundland stock (northern cod)
contributed significantly to the overall cod
catches in the period 1953-1987 and accounted
on average for almost 40 percent of the total.
Catches of cod then declined precipitously in the
early 1990s, dropping to 40 000 tonnes by 2003
2005. They then increased to 60 000 tonnes by
2008. In contrast, shrimp, previously fished in
small amounts, less than 10 000 tonnes prior to
the 1980s now constitutes the largest nominal
catch of any species in Area 21 (287 000 tonnes
in 2009).

Catches of Atlantic herring, redfish, silver
hake (Merluccius bilinearis), haddock, Atlantic
menhaden and sea scallop also increased in
the 1950s and 1960s (Figure B1.4). These were
followed by increased catches of Atlantic
mackerel (Scomber scombrus) and capelin
(Mallotus villosus) (Figure B1.5) as a result of
increasing distant-water fleet effort. Flatfish
catches peaked at 303 000 tonnes in 1968
(Figure B1.6), then declined to 78 600 tonnes
by 1995. By 2002, catches of flatfish had
recovered to 116 400 tonnes. However, the catch
composition had changed with just over half
being made of Greenland halibut (Remnhartius
hippoglossoides). Fisheries for invertebrates have
fared better (Figure B1.7), showing increases

from the mid-1970s to the early 1990s, when more than 600 000 tonnes were caught.
Catches of shellfish, primarily sea scallops (Placopecten magellanicus), ocean quahog
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(Arctica islandica) and surf clams (Mactromeris
polynyma) decreased during most of the 1990s,
but have increased in recent years.

In the 1960s, the major species fished in order
were: cod, Atlantic herring, Atlantic redfishes,
silver hake, haddock, Atlantic menhaden,
sea scallop, surf clam and American oyster
(Crassostrea virginica). These species accounted
for 80 percent of the total reported landings.
In the period from 2001 to 2009, catches were
dominated by invertebrate and pelagic fish
species. The largest catches have been made of
shrimps (average 311 297 tonnes), sea scallop
(average 285 402 tonnes), Atlantic herring
(average 261 932 tonnes), Atlantic menhaden
(average 194 101 tonnes), Atlantic surf clam
(average 151 783 tonnes), snow crab (average
102 424 tonnes), American lobster (average
86 942 tonnes), Atlantic mackerel (average
77 285 tonnes), Greenland halibut (average
60 156 tonnes), cod (average 48 416 tonnes), blue
crab (Callinectes sapidus, average 39 664 tonnes)
and Atlantic redfish NEI (average 38 903 tonnes).
Those 13 species made up 80 percent of the
reported catch in that period.

RESOURCE STATUS AND FISHERY
MANAGEMENT

Greenland

The main commercial fish species are Greenland
halibut, Atlantic cod, lumpfish, Greenland
cod, redfish and wolffish (Anarhichidae).
Annual landings of these species have shown
major changes in the past century. The current
status of exploitation and trend in catch in the

FIGURE B1.6
Annual nominal catches of selected species in
ISSCAAP Group 31, Northwest Atlantic (Area 21)
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region are shown in Table D1. Historically, cod was the most important commercial
fish species in Greenland waters, with annual catches peaking between 400 000 and
500 000 tonnes in the 1960s. Low recruitment and overfishing have played an important
role in the collapse of the cod fishery since the 1960s. This stock has shown some
recovery and catches increased from 1 700 tonnes in 2001 to 20 000 tonnes in 2008.
The presence and abundance of cod in offshore waters off Greenland is believed to be
related to environmental conditions and the periodic influx of larvae from Iceland that
subsequently migrate back to spawn (Buch, Hirsted and Hovgard, 1994).

Shrimp are the principal invertebrate resource in this region in terms of landings.
Fisheries for snow crab and Icelandic scallops are small compared with shrimp. Shrimp
biomass increased in the 1970s to 1990s, and it currently supports by far the largest
fishery off Greenland. It has undergone a continuous increase from 1 791 tonnes in 1960
to 145 233 tonnes in 2008 (71 percent of the total landings), surpassing cod landings
in 1984. Given the importance of this fishery, the West Greenland Shrimp Fishery
Plan was developed as a result of the new purposes section of the Greenland Fishery
Act introduced in 2010. This plan states: “In the administration of this Act, emphasis
must be placed on the conservation and reproduction of resources and on keeping the
fishery’s impact on the ecosystem at an acceptable level”.
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Greenland halibut currently represents the second largest fishery, although it made
up only 10 percent of total landings in 2008. Historically, Greenland halibut were only
a minor portion of the landings. However, catches increased from 1 159 tonnes in 1971
to 20 064 tonnes in 2008. From 2000 to 2008, Greenland halibut was the principal
groundfish caught and averaged 29 605 tonnes. Annual catches of cod averaged
6 677 tonnes between 1999 and 2008 and were well below the catches of the 1960s and
1970s. Landings of lumpfish have only constituted a significant portion of the landings
in recent years and wolffish (striped) has been increasing since 2000.

Canada

For much of the past five centuries, the predominant fishery product from what are
now Canadian waters was salted cod. The fish were originally caught by hook and line
and gillnets from small vessels, and salted ashore. Starting in the seventeenth century,
salting was also done at sea. It allowed fishing to be expanded offshore and resulted in
a more efficient and widespread harvest (Fiedler, 1940).

However, it was external influences, the development of steamer and trawler
technology starting in the 1900s, that ultimately changed the nature of fisheries off
Canada. In 1954, the United Kingdom of Great Britain and Northern Ireland introduced
the factory stern trawler, allowing the vessel to fish long distances from home, and this
technology was rapidly taken up by other countries. The banks off Canada were viewed
as a prime target by the long-distance fleets, and the arrival of large numbers of factory
trawlers from European and Asian countries resulted in a doubling of the catches in
the 1960s. Although Canada had already implemented controls on the Canadian fleet,
catches were largely unregulated for other countries, leading to decreased stock sizes.
This prompted the extension of Canadian jurisdiction out to 200 miles in 1977.

At that time, there was considerable optimism that Canadian catches would increase
substantially under the national management system. Canada started to develop its own
fleet of wet-fish trawlers in the late 1960s. After the extension of their jurisdiction, many
of the trawl fisheries for cod, redfish and flatfish once prosecuted by the long-distance
fleets, were taken over by Canadian interests. Non-Canadian fleets continued to be
allocated a share of the quota but were phased out by the late 1980s. The Department of
Fisheries and Oceans (DFO) expanded its management of the fisheries out to 200 miles.
Straddling stocks were comanaged through NAFO (see NAFO section below). Stock
assessments are used as the basis for providing scientific advice for quota management.
Under the Fisheries Act, vessel licensing, seasonal permitting and quotas are enforced
and monitored through fishery officer boardings and dockside inspections, quota
monitoring and a fishery observer programme.

Demersal fish species

Following extension of jurisdiction, some improvements in stock status of demersal
fish, including cod were seen up to the mid-1980s. Thereafter, a combination of
expanding Canadian offshore fishing capacity (which drove increased effort despite the
supposedly conservative management system), overfishing by the distant-water fleets
on the grounds outside the 200 miles jurisdiction and a succession of weak year classes
in many fish stocks led to increases in fishing mortality and precipitous declines in stock
sizes in the late 1980s and early 1990s. Many of the demersal finfish stocks, including
cod, American plaice, witch flounder, yellowtail flounder and redfish collapsed, and
fisheries for these species were closed or underwent sharp reductions in catch quotas in
1992 or 1993 (Murawski er al., 1997).

Conservative management measures since the collapse have had mixed results. In
its 2003 report, the Fisheries Resource Conservation Council noted that the spawning
biomass of cod in NAFO Divisions 2J3KL (northern cod) continued to be very low.
It had poor recruitment, high mortality from seals and exposure to bycatch. Until
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recently, northern cod remained at less than 3 percent of its 1980s biomass, with few
fish older than five years. However, from 2004 to 2008, the spawning stock biomass
(SSB) increased by 83 percent per year. This is the first positive trend since the collapse
in the early 1990s. However, the SSB still remains low: the average 2007-09 SSB
offshore is 10 percent of the average in the 1980s. Whether this constitutes the start
of recovery is unclear. Grand Bank cod (Div. 3NO, contiguous with northern cod)
has not shown any sign of recovery. One of the possible causes is the relatively high
fishing mortality on this depleted stock from bycatch in overlapping fisheries. The
main fisheries where cod are taken as bycatch are the yellowtail flounder fishery inside
200 miles and in several fisheries in the NAFO Regulatory Area. Recruitment of this
stock has also remained low for years, although from 2005-07, they have been similar
to that seen in the 1980s.

Catches of northern Gulf of St. Lawrence cod stock (Div. 3Pn4RS) exceeded
100 000 tonnes in 1983 and constituted overfishing. The abundance of fish aged more
than three years declined from 1980 to 1994. The fishery was closed in 2003 but was
reopened the following year as the SSB increased to 76 million in 2009 owing to a strong
2006 year class. The stock now supports a limited fishery with a total allowable catch
(TAC) of 7 000 tonnes in 2008. Natural mortality remains high, with seal predation
attributed as the major cause (Fisheries Resource Conservation Council, 2003a, 2003b,
2003c¢). The southern Gulf of St. Lawrence cod stock (Div. 4T) sustained a catch exceeding
50 000 tonnes annually as recently as the early 1990s when the stock collapsed and has
remained low since. The 2005-08 SSBs were the lowest observed since 1971. Natural
mortality is high (~ 0.6), so recovery in the near term is very unlikely. The present TAC
of 2 000 tonnes and a catch of 1 500 tonnes are considered too high to allow recovery.

The cod stocks off southern Newfoundland (Subdiv. 3Ps) sustained catches that
varied about 60 000 tonnes prior to the mid-1970s, but that resulted in decline of the
stock. The fishery was closed from 1994-96 but reopened in 1997. The abundance has
fluctuated without an obvious trend since the 1980s. The SSB declined between 2004
and 2008, increased in 2009 and is now near the 1998-2009 average. Low recruitment
continues to be an issue. The TAC now stands at 11 500 tonnes, which is down from
20 000 tonnes in 2000. This stock now supports the largest cod fishery off Canada.

To the south, cod stocks on the northeast Scotian Shelf (Div. 4VsW and Div. 4Vn)
have been under a moratorium since 1993. They continue to be at or near the lowest
spawning biomass ever recorded, with recruitment, growth and condition all below
average. For the southwest Scotian Shelf and Bay of Fundy (Div. 4X5Y) cod stock,
recruitment has improved. This started with the 1998 year class and although biomass
has increased since the late 1990s, it remains low.

All commercial populations of the cod of Canada’s northern (Div. 2J3KL), Laurentian
(Div. 4RST and 3Ps) and southern cod (Div. 4X5YZjm) were assessed as “endangered”
by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC, 2011).
This was because of their substantial declines in abundance and a lack of recovery.
Although assessed at risk of extinction, these populations have not been placed on
Schedule 1 of the Species at Risk Act, which would offer protection against harm. They
continue to be managed under the Fisheries Act.

Prior to the late 1960s, haddock was the second-most important demersal fish
resource after cod and was the first stock to collapse. Div. 3NO haddock (southern
Grand Bank) catches peaked at 76 000 tonnes in 1961 but declined rapidly to a remnant
population and have been under moratorium since 2001. The Div. 4TVW stock (Gulf
of St. Lawrence/Scotian Shelf) has also been under moratorium since 1989. It shows
little or no sign of improvement. The Div. 4X5Y stock (southern Scotian Shelf/Bay of
Fundy) has been stable since the 1990s and its SSB has increased in the past decade. The
present TAC is 7 000 tonnes. Canada fishes part of the eastern Georges Banks stock,
which had an increasing TAC of 29 600 tonnes in 2010. Its SSB has more than doubled



28

Review of the state of world marine fishery resources

since the mid-2000s. The 2003 year class is exceptional and the largest on record. This
stock is now the largest haddock population in Area 21.

Redfish was one of the early targets of the new Canadian wet-fish trawler fleet.
Canadian catches peaked briefly at close to 160 000 tonnes in 1973, but are currently
averaging about 20 000 tonnes. The stock in Div. 2+3K (Labrador Shelf) was once one
of the largest. It now remains under moratorium and shows no sign of recovery. The
stock in Div. 3LNO (Grand Bank) was closed in 1998. It was reopened in 2009 with
a small TAC of 3 500 tonnes. Div. 30 redfish (southern Grand Bank) has been more
stable in the long term and the current TAC is 20 000 tonnes. Unit 1 and Unit 2 (Gulf
of St. Lawrence/Scotian Shelf) are now considered to be a single stock that has a TAC
of 10 300 tonnes. This stock is rebuilding at present. One of the complicating factors
in managing redfish fisheries is that they comprise a mix of three closely related species
Sebastes marinus, S. mentella and S. fasciatus. The most recent assessments treat the
species separately although catch statistics remain problematic.

Pollock supports limited fisheries on the Scotian Shelf. Catches have increased in
recent years to about 15 000 tonnes, which is half the average between 1960 and 1970.
Witch flounder biomass and commercial catch have remained low (average 1 800 tonnes
annually) since the decline of the various stocks in the early 1990s. Of the five stocks,
three are under moratorium and one is only taken as bycatch. Yellowtail flounder on
the Grand Banks (Div. 3LNO) stands out as it has undergone a full recovery to near
virgin biomass. Other small fisheries for demersal fish species include white hake, cusk
(currently under moratorium), winter flounder, silver hake, Atlantic halibut (recent
assessments of this valuable species indicate that partial recovery has taken place),
thorny skate and spiny dogfish.

The failure of many demersal stocks to recover fully in the 18 or more years since
they collapsed has puzzled those working on and interested in these fisheries. The stocks
of these species have failed to recover despite most being closed to fishing. When the
moratoria were placed on these stocks in the early 1990s, recovery was anticipated to
take only a few years. Possible explanations have been proposed for cod by a Fisheries
and Oceans review (Fisheries and Oceans Canada, 2003) but are also more broadly
applicable to other fish stocks. Cod in northern Canada have lower productivity than
elsewhere because they live in colder environments. In the 1990s, the ocean climate
was unusually cold and unfavourable to productivity. Harsh conditions in the 1990s
reduced survival and growth of cod. When the stocks collapsed, they underwent a
severe reduction in SSB that resulted in a high proportion of first-time spawning fish.
This reduced the reproductive potential of the stocks. Cod were small for their age and
in poor condition with little energy reserves to survive critical stages. These reduced cod
stocks were preyed upon by increasing numbers of seals, mackerel and herring. This
combined mortality was sufficient to have affected recovery. While catches from fishing
have been greatly reduced in comparison with the 1970s and 1980s, fishing mortality
appears to have remained sufficiently high to hinder recovery. There was also evidence
of under-reporting of catch, discarding of small fish and poaching.

Invertebrate species

At about the time that demersal fish stocks were declining or collapsing, the biomass of
two invertebrate species, shrimp (primarily P. borealis) and snow crab, were increasing.
The increase in biomass was widespread and fisheries for these two species were
expanding. The shrimp fishery in the Gulf of St. Lawrence began in the late 1960s,
when landings rose gradually until a significant increase after 1990. Currently, the TAC
for shrimp is 36 900 tonnes. In the 1970s and 1980s, a shrimp fishery was opened off
Nova Scotia. However, it was closed on several occasions because of bycatch issues
and currently has a TAC of 5 000 tonnes. It was elsewhere that the large shrimp
resource was developed. In the 1970s, an exploratory fishing programme confirmed
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dense, widespread shrimp concentrations from Baffin Island to the northeast coast of
Newfoundland. Canada bought a number of large factory freezer trawlers in the 1980s
that were designed to trawl for shrimp. Between 1978 and 1991, 17 Canadian licences
for an offshore fleet were issued and quotas established with an enterprise allocation
regime. In the 1990s, as the abundance of the shrimp stocks grew and the groundfish
moratorium came into effect, the fishery became increasingly lucrative. Inshore licences
were introduced giving priority access to the < 65 ft (about 20 m) fleet and to first-
nations fishers. The TAC rose from 85 000 tonnes in 1998 to more than 160 000 tonnes
in 2007 and the fishery was extended south to the Grand Banks. Canadian catches of
shrimp had been almost non-existent in the 1960s, yet they were now providing the
largest catch in Canadian waters. Along with snow crab, shrimp now yield the greatest
market value for the Canadian fishing industry. One of the issues that developed as the
shrimp fishery expanded was the incidental capture of many of the declining demersal
fish stocks. A fish exclusion device, the Nordmore grid, proved effective at reducing
bycatch of adults of commercially important demersal fishes. In 1993, the device was
made mandatory in the shrimp fishery. A full description of this fishery can be found
on the Web site of Fisheries and Oceans Canada (2011).

Snow crab started to undergo a large increase in biomass throughout its range in the
1970s. Catch had been almost non-existent in the 1960s but increased rapidly to peak
in the 1980s before declining. Between 1990 and 2002, landings quadrupled from just
over 26 000 tonnes to almost 107 000 tonnes. Snow crab catches were 83 584 tonnes
in 2010 with a TAC of 87 952 tonnes. The management of the snow crab fisheries was
developed in the 1980s and 1990s. It is based on annual TACs, quotas, effort controls,
minimum legal size, minimum mesh size of traps, seasons, areas, and soft-shelled (also
known as white crab) protocols. Although market issues affected prices in the mid-
2000s, crab is the most lucrative east coast fishery and even surpasses lobster.

Lobster has been a mainstay of inshore fisheries in Atlantic Canada since the late 1800s.
The fishery started to increase its catches in the 1980s and these reached near-record levels
in the 1990s after being depleted for half a century. Ecological changes may have led to
the increased lobster production, although there is no agreement on the specific cause.
Increased fishing efficiency has also played a role in increasing catch rates. Lobster catches
reached a peak of 48 500 tonnes in 1991, declined through the following decade and are
now at record high catches in excess of 50 000 tonnes. However, the Fisheries Resource
Conservation Council warned in 2007 that, although the stocks are in good shape at
present, they are overexploited with insufficient larger females to spawn and release their
eggs to ensure long-term sustainability. Larger ships and more efficient technology are
thought to present increased risks to Atlantic Canada’s lucrative lobster industry.

Canadian participation in the offshore scallop fishery first began in the south on
Georges Bank in the mid-1940s. When the 200-mile limit was introduced and the
Canada/United States border was defined, Canada’s access to this stock was restricted.
In 1973, management in the form of limited entry was introduced. The fishery is now
under an integrated fishery management plan. Management measures include limited
entry (no new licences), TACs, meat counts, electronic vessel monitoring, dockside
monitoring of all landings and industry-managed closures to protect juvenile scallops.
The offshore scallop fishery was recently certified as a sustainable fishery against
the Marine Stewardship Council criteria. This indicates that scallop fisheries ranging
from Georges Bank to St. Pierre Bank off southern Newfoundland are healthy and
appropriately managed (Marine Stewardship Council, 2011). By value, scallop is the
third-ranked species (behind lobster and crab) in Nova Scotia although the catch is
small compared with shrimp, crab and lobster (7 000 tonnes).

Other invertebrates fished off Canada include surf clam, soft clam, rock and Jonah
crab, oyster, sea urchin, Icelandic scallop, hard clam, periwinkle and whelk. These are
all relatively minor fisheries compared with the industrial fisheries described above.



30

Review of the state of world marine fishery resources

Pelagic species

The fishery for herring is the largest small pelagic fishery and one of the largest fisheries
in eastern Canada with a catch of 166 000 tonnes and an export value of more than
US$110 million in 2008. Historically, it ranks second after cod in terms of long-term
catch. Several gear types are used, primarily gillnet, purse seine and weir. Many different
types of management have been applied, including TAC, individual transferable quotas
(ITQs) and limited entry. Most herring stocks are well below their historical averages,
and two stocks are below or near the critical levels. The overall economic return from
the fishery is limited as the price has changed little in the last 30 years. Despite this,
the fishery is important to many fishers and processors. The long-term prospects for
the fishery are uncertain given the status of the resource and the systemic problems of
the industry. Nonetheless, the Fisheries Resource Conservation Council is convinced
that greater benefit could be derived from the herring fishery (Fisheries Resource
Conservation Council, 2009).

Capelin fisheries occur on the Labrador Shelf and Grand Banks and have fluctuated
in the long term. Catches rose rapidly in the 1970s and 1980s peaking in 1988-1990. The
species was taken in large amounts by non-Canadian fleets and overfishing resulted in
the collapse of various stocks. Some recovery in the fishery has been observed in recent
years.

Atlantic mackerel is a highly migratory species that arrives in May and occurs as far
north as northeast Newfoundland. Catches are unpredictable in many areas, depending
on the migration patterns that may change depending on water conditions. The largest
catches of Atlantic mackerel were recorded between 2003 and 2007. The overall TAC
was 80 000 tonnes for 2010, in spite of the apparent drop in biomass and uncertainty
around stock status. The main gear types used in the mackerel fishery including traps,
gillnets, handlines, bar seines and purse seines. For more information on the mackerel
fishery, refer to Fisheries and Oceans Canada (2010). Other small pelagic species fished
off Canada include alewife (Alosa pseudoharengus) and American shad but these
constitute minor inshore fisheries.

Summary

Canadian fisheries now exist in Area 21 for about 35 fish and invertebrate species. They
comprise a multitude of stocks and management units that are all managed under the
Fisheries Act. Some of the recently developed fisheries, primarily in the 1990s and
thereafter, exploit underutilized species. These fisheries have been developed in an
attempt to replace fisheries for the depleted demersal fish stocks. They include skate,
spiny dogfish, white hake, wolffish, sea urchins, whelks, periwinkles, offshore bivalves,
krill and marine worms. These new target fisheries have been successful to varying
degrees but most remain a minor component of the overall production. The lack of
recovery, or limited recovery, for some historical fisheries such as cod, witch flounder
and redfish was concluded to be the result of several factors working simultaneously
or in turn. These factors appeared to have affected fish growth, reproduction and
fish survival. Prompt recovery in any of these stocks has not occurred. Conversely,
invertebrates remain at near record levels of abundance.

Descriptions of stock status are derived mainly from stock status reports located
on the Web site of Fisheries and Oceans Canada at www.isdm-gdsi.gc.ca/csas-sces/
applications/publications/index-eng.asp and www2.mar.dfo-mpo.gc.ca/science/trac/
tsr.html. Materials pertaining to quotas and management can be found at www.dfo-
mpo.ge.ca/fm-gp/index-eng.htm.

The United States of America
The largest fisheries in the northeast of the United States of America catch mainly
pelagic and invertebrate species in the following order: menhaden, surf clam, ocean
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quahog, sea scallop, oyster, herring, blue crab, hard clam and lobster. The oyster fishery
has the longest history, taken in intertidal areas by aboriginal peoples and later in the
seventeenth century by early European settlers. It now lands a fraction of the amount
observed in the 1970s owing to a collapse in the 1980s. The menhaden fishery was
developed in the 1950s and 1960s and has sustained the largest fishery off the eastern
United States of America. Scallop, quahog and lobster are at or near peak production.
Except for a period of intense distant-water fleet fishing from the 1960s and 1970s, the
demersal fish fishery in United States waters has been domestic.

The current United States harvest strategy must comply with the provisions
of the Magnuson-Stevens Fishery Conservation and Management Act. Since the
mid-1990s, particularly with the adoption of stronger management actions, fishing
mortality has been reduced on most demersal fish stocks. Some stocks have started to
rebuild relatively quickly (www.nefmc.org/press/press_releases/2010/GFStock %20
Status2010%20(4).pdf). Management is based on a limit reference point framework.
Accordingly, managers are required to maintain exploitation below Fgrgpuip that
would lead to SSB reaching or exceeding the Bysy proxy within a ten-year rebuilding
horizon. The SSB that is thought to result in the maximum projected recruitment,
SSBumax; 1s often used as a Bysy proxy. The recently formed Transboundary Resources
Assessment Committee (www2.mar.dfo-mpo.gc.ca/science/trac/tsr.html) isa Canada/
United States of America committee that assesses stock status of species that straddle
the boundary of the two countries. Fisheries that are assessed by the committee
include herring, cod, haddock, mackerel, yellowtail flounder and dogfish.

Much of the following information on stock status in the waters of the United States
of America is derived from the Web site of the National Oceanic and Atmospheric
Administration (NOAA) at www.nefsc.noaa.gov/nefsc/saw/ and www.nefsc.noaa.gov/
publications/crd/ and information on fishery management can be found at the Web site
of the New England Fishery Management Council (www.nefmc.org).

Demersal species

Demersal species have been the traditional mainstay of the fisheries off the United
States northeast coast. Redfish, haddock, silver hake and yellowtail flounder were the
dominant demersal fish fisheries in the 1960s with catches reaching 40 000 tonnes to
60 000 tonnes for each of those species. The abundance of demersal fish species declined
by 70 percent between 1963 and 1974 as a consequence of overfishing by distant-water
fleets. Some recovery occurred in the late 1970s following catch and effort reductions
implemented by the International Commission for the Northwest Atlantic Fisheries
prior to 1977 and the establishment of the United States EEZ in 1977. However, the
recovery was short-lived owing to increased fishing pressure by the United States
fleet. Overall abundance of commercially important demersal fish species reached a
record low in 1992. Since the mid-1990s, fishing mortality rates have been reduced and
rebuilding begun for stocks such as haddock, yellowtail flounder and summer flounder
(Paralichthys dentatus). This improvement in the status of these species was a result of
stringent management measures (including a moratorium on new vessel entrants, drastic
reductions in days at sea for trawl and gillnet vessels, increased mesh sizes, several large
year-round closed areas).

There are about 35 species (stocks) of demersal fish species caught off the northeast
coast of the United States of America. Catches are dominated by goosefish (Lophius
americanus also known as monkfish), gadoids (cod, haddock, pollock [Pollachius
virens), silver and white hake), flounders (winter flounder [Pleuronectes americanus)
and yellowtail flounder), spiny dogfish (Squalus acanthias), and skates. These species
of skate are managed under the Skate Complex Fishery Skate Management Plan. The
Northeast skate complex includes seven species: winter skate, barn-door skate, thorny
skate, smooth skate, little skate, clear-nose skate, and rosette skate in the New England
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region. In the Mid-Atlantic region, catches consist mostly of summer flounder, scup
(Stenotomus chrysops), goosefish and black sea bass (Centropristis striata). The average
yield in the last decade of the principal demersal fish species, which includes goosefish,
skates, Atlantic cod, silver hake, haddock, pollock, summer flounder, winter flounder
and yellowtail flounder, scup, white hake, bluefish, witch, spiny dogfish and American
plaice averaged 94 136 tonnes between 2001 and 2008. This amount is considerably
less than their combined long-term potential yield. Some of these species have started
to show some improvement in recent years as management has improved. Haddock
catches had recovered to 8 242 tonnes by 2004, up from 328 tonnes in 1994 but declined
again to 3 360 tonnes in 2007. However, cod catch was the lowest on record in 2006 at
5 724 tonnes, but showed a slight recovery to 8 659 tonnes in 2008.

Pelagic species

Atlantic menhaden (Brevoortia tyrannus) is taken mainly by purse seiners off the mid-
Atlantic states of the United States of America. This is the largest fishery resource in
the Atlantic waters of the United States of America and the dominant pelagic species.
The catch in 2008 was 189 000 tonnes, which was down from a peak of more than
400 000 tonnes in 1990-91. The catch history shows fluctuations without any major
trends and it is considered not to be overfished. This is largely a reduction fishery, but
the species also plays an important role in the ecosystem as forage for many species and
as a major consumer of plankton.

Herring and mackerel were heavily exploited by distant-water fleets in the late
1960s and early 1970s. Abundance declined in the mid-1970s and early 1980s before
subsequently rebuilding in the absence of intensive fishing. Since 1983, the index has
markedly increased, with the 1994 value the highest in the time series. The Georges Bank
herring stock biomass increased from about 111 600 tonnes in 1982 to 830 000 tonnes
in 1997 and was estimated to be 652 000 tonnes in 2008 (more information available
on the Web site of the NOAA at www.nefsc.noaa.gov/sos/agtt/). Combined herring
landings for Canada and the United States of America increased from 106 000 tonnes
in 2005 to 116 000 tonnes in 2006, then declined to 90 000 tonnes in 2008. United States
catches comprised 26.1 percent of total herring harvest, the remainder being taken by
Canada. Mackerel catches increased in the early-to-mid-2000s but declined in 2007 and
2008. Catches in 2002 were 70 456 tonnes (61.2 percent Canada, 38.8 percent the United
States of America) and, although at the high end for the decade, they remain still far
below the long-term estimated potential of 383 000 tonnes. The combined mackerel
catch for Canada and the United States of America was 50 685 tonnes in 2008.

Anadromous species

Thisisadiverse group including river shads such asalewife and blueback (Alosa aestivalis),
American shad (Alosa sapidissima), striped bass (Morone saxatilis), Atlantic salmon
(Salmo salar), Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) and shortnosed
sturgeon (Acipenser brevirostrum). The composite average yield from 2000 to 2002 was
only about 3 978 tonnes. This was far below the historic maximum of 32 443 tonnes in
1959. All of these species, except striped bass, are overexploited and their abundance is
low. The combined commercial and recreational catches of striped bass reached a record
low of 423 tonnes in 1989 and highly restrictive regulatory measures were imposed in
the mid-1980s. Stock rebuilding followed good recruitment and the stock was declared
restored in 1995. The catch of striped bass was 5 020 tonnes in 2008.

The last two decades have marked a period of decline in stock status for all Atlantic
salmon populations of the North Atlantic. Population estimates indicate that survival
plummeted as much as fivefold for some stocks. This decline in survival has intensified
concern over the additive effects of natural mortality in the marine environment and
habitat issues that persist in United States rivers. The US Atlantic Salmon Assessment
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Committee report indicated one of the lowest long-term returns in 1999 when only
1 452 adults returned to United States rivers (NOAA, 2011).

Invertebrate species

Offshore fisheries for invertebrate species including lobsters, surf clams (Spisula
solidissima), ocean quahogs (Arctica islandica), longfin squid (Loligo pealeii), shortfin
squid (Zllex illecebrosus), sea scallops, northern shrimp and red crab (Chaceon
quinquedens) are among the most valuable in the northeast of the United States of
America. Fisheries for invertebrate species in nearshore and estuarine waters include
blue crabs (Callinectes sapidus), oysters (Crassostrea virginica), hard clams (Mercenaria
mercenaria), sea urchins (Strongylocentrotus spp.), and softshell clams (Mya arenaria).
Sea worms (including primarily sandworm [Nereis virens], and bloodworm [Glycera
dibranchiata)), whelks (Busycotypus canaliculatus, Busycon carica and B. sinistrum),
and blue mussels (Mytilus edulis) are commonly harvested for use as bait in recreational
fisheries.

United States catches of the valuable lobster fishery increased after 1940 and peaked
at 39 832 tonnes in 2008. The recent increases have resulted from both increased effort as
well as apparent increases in abundance, probably owing to favourable environmental
conditions. However, fishing mortality is two to three times in excess of overfishing
reference limits, and catches are dependent on newly moulted and sexually immature
animals. Recent regulatory measures (limits on the number of traps per fisher) may not
be sufficiently stringent to achieve the required reduction in fishing mortality.

Since 1982, the Atlantic Sea Scallop Fishery Management Plan (FMP) has regulated
the fishery. Initially, regulations required vessels to land scallops that averaged fewer
than 35 to 40 meats (the adductor muscle) per pound (about 450 g) or a minimum shell
width of 3-3.5 inches (7.5-9.0 cm). However, fishing effort increased to unsustainable
levels in the late 1980s and 1990s. This prompted the New England Fishery Management
Council to develop Amendment 4 that became effective in 1994. Amendment 4 changed
the management of scallop to achieve a maximum fishing mortality threshold equal to
F5 percent. This threshold was believed to ensure recruitment by keeping SSB above
5 percent of virgin conditions. Also implemented were limited-access permits, day-at-
seaallocations, dredge ring-size minima, gear configuration restrictions to improve small
scallop escapement, and a minimum mesh size to improve finfish escapement. United
States sea scallop catches from the Georges Bank — Mid-Atlantic region have averaged
88 896 tonnes in the last decade with a high of 186 336 tonnes in 2002, indicating a
recovery in the stocks. Large areas closed to protect demersal fish stocks have also
contributed greatly to the recovery of sea scallops.

Surf clams and ocean quahogs, regulated by an individual transferable quota ITQ)
system implemented in 1990, are harvested by dredges primarily in the Mid-Atlantic
and Southern New England region. These species are currently underexploited. Catches
of both species have remained relatively stable in recent years with 1999-2008 averages
of 151 430 tonnes and 135 475 tonnes, respectively.

Fisheries for longfin and shortfin squid have existed since the 1800s. In the early
years, they were primarily used for bait. The fishery generated catches of about
1 000 tonnes or less per year for each species until the 1970s. The fishery expanded
greatly in the 1980s and 1990s in response to growing markets for human consumption.
Longfin squid are fished primarily between North Carolina and the Gulf of Maine,
while shortfin squid have been fished from North Carolina to Newfoundland and
are assumed to constitute a unit stock. Distant-water fisheries for these two species
existed between 1964 and 1986, with catches from United States waters peaking for
longfin squid at 36 500 tonnes in 1973 and for shortfin squid at 24 700 tonnes in
1976. The average yields of squid for 1999-2008 were 15 095 tonnes for longfin and
10 486 tonnes for shortfin.
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NAFO area

Following extension of jurisdiction to 200 miles in 1977, the principal northwest
Atlantic fishing grounds came under coastal State jurisdiction. However, a significant
portion of these fishing grounds also lies in international waters on the “nose” and
“tail” of Grand Bank and on the Flemish Cap. This region comes under the jurisdiction
of NAFO. There are 21 fisheries, including transboundary stocks that are managed by
the 12 contracting parties of NAFO.

Only 10 percent of the stocks under the mandate of NAFO are caught in the
international waters. In the last decade, average catches within the national EEZs were of
the order of 1.4 million tonnes per year whereas annual catches in the NAFO Regulatory
Area averaged about 120 000 tonnes. Eleven species, namely Atlantic cod, American
plaice, witch flounder, yellowtail flounder, Greenland halibut, capelin, squid, shrimp,
thorny skate (the first time an elasmobranch species has been managed by an RFMO),
white hake, redfish in Div. 30 and pelagic redfish in Subarea 2, Div. 1F+3K (south of
Greenland), are managed mainly through TAC and quota allocation. Systems to monitor,
control and survey the fisheries have been developed by NAFO. A precautionary
framework has been developed to address uncertainties in the assessment of fish stocks.
Long-term management and rebuilding plans are in place for stocks post-moratoria.
There is joint inspection and surveillance conducted by contracting parties on behalf
of NAFO. These consist of at-sea inspections, air surveillance and port inspections.
An amended convention includes an ecosystem approach to fisheries management, and
NAFO has closed five seamounts, a coral protection zone and 12 regions of significant
coral and sponge concentration to demersal fishing.

Further information on stocks under the NAFO mandate can be found in NAFO
annual reports (NAFO, 2009, 2010) and on the NAFO Web site at www.nafo.int/
publications/frames/science.html

Stock status

The transboundary stocks comanaged with Greenland and Canada are described above.
Stocks lying fully outside of the EEZs include species on the Flemish Cap (Div. 3M).
In 2010, the fishery for cod in Div. 3M was reopened with a TAC of 5 500 tonnes
following SSB growth since 2004. For redfish in Div. 3M, the SSB is increasing, but is
still low — the TAC for 2011 was set at 10 000 tonnes. For American plaice in Div. 3M,
the 2008 assessment concluded that the stock biomass and the SSB remain very low and
there is no sign of recovery. Greenland halibut biomass increased from 2004 to 2008.
From 2008 to 2010, weaker year classes have recruited and caused a decrease in biomass.
The TAC for 2011 is 17 185 tonnes in Div. 3LMNO. In 2003, a rebuilding plan for
Greenland halibut was adopted with an objective of allowing a stable yield in the long
term by setting prescribed quotas in future years. The state of the thorny skate stock
is unclear, but the biomass was low and stable from 1996 to 2009. The TAC for thorny
skate in Div. 3LNO for 2011 is set at 12 000 tonnes. In 2009, Div. 3M shrimp biomass
decreased sharply to below By, even though exploitation has been low since 2005. The
stock has entered the collapse zone defined in the precautionary approach framework
and recruitment prospects remain poor.
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INTRODUCTION

The total area of the Northeast Atlantic is 14.3 million km? with about 2.7 million km?
of continental shelf. The main oceanographic features in the Northeast Atlantic are a
subpolar and a subtropical gyre, which are driven predominantly by the North Atlantic
current originating from the Caribbean. It also has an extended shelf area off northern
Europe, the semi-enclosed Baltic Sea, and summer upwellings off the coast of Spain and
Portugal (Figure B2.1).

The fisheries of the Northeast Atlantic expanded rapidly in the late nineteenth and
early twentieth centuries. During this time, fishing became increasingly industrialized
and applied more advanced technology. This expansion was only interrupted by the
First and Second World Wars, which provided periods of little fishing activity, enabling
stocks to rebuild. Since the 1950s, fisheries in the Northeast Atlantic region have
undergone a significant reduction in numbers of vessels and employment. Despite this,
a corresponding increase in fishing power of vessels has meant that fishing mortality
has continued to increase. More recently, fishing mortality has levelled off or decreased
(Sparholt and Cook, 2009).

Most of the traditional fishery resources of the Northeast Atlantic are fully exploited
or overexploited, and new fisheries have been developed for some non-traditional
stocks. There have been notable improvements in the status of some larger stocks, such
as Northeast Arctic cod, Northeast Arctic haddock, mackerel, and the larger herring

FIGURE B2.1
The Northeast Atlantic (Area 27)
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FIGURE B2.2
Annual nominal catches by ISSCAAP species groups in the Northeast Atlantic (Area 27)

Million tonnes

195 1955 196 196 197 1975 1980 1985 1990 1995 2000 2005 2009

M 34-Miscellaneous demersal fishes 1 Other ISSCAAP groups I 37-Miscellaneous pelagic fishes W 35-Herrings, sardines, anchovies
m 32-Cods, hakes, haddocks

stocks. Other stocks, such as North Sea plaice and cod, are still in recovery although
demonstrable progress has been made in their rebuilding. Overall, real progress is being
made in the sustainable management of the fisheries in this region despite many challenges
in international cooperation, fishing overcapacity and environmental change.

PROFILE OF CATCHES
Total marine catch in the Northeast Atlantic has increased from an average of about
6 million tonnes in the 1950s to an average of about 11 million tonnes in the period
1970-2000. Since 2005, the total catch has fallen to between 8 and 9 million tonnes
(Figure B2.2; Table D2).

The composition of the total catch has changed over time, smoothing out some of
the more dramatic fluctuations. Overall, declines in fisheries for traditional species,
such as North Atlantic cod (Gadus morhua), haddock (Melanogrammus aeglefinus)
and herring (Clupea harengus), have been compensated by the development of fisheries
for formerly lower-valued species such as sandeels (Ammodytes spp.) and blue whiting
(Micromesistius poutasson). In addition, a number of stocks that had previously been
depleted have recovered.

Catches of North Atlantic cod made the

Million tonnes

Annual nominal catches of selected species in
ISSCAAP Group 32, Northeast Atlantic (Area 27)

largest contribution to the total of cods, hakes
FIGURE B2.3 and haddocks until 1998 (ISSCAAP Group 32).
Since then, blue whiting landings have become
the most important species in this group
——Atlantic cod (Figure B2.3). A persistent downward trend in
 Blue whiting (= poutassou) cod catches is evident from the peak in the late
1960s. The lower catches in recent years can be
attributed in part to the rebuilding programme
for North Sea cod, and a small recovery is
evident in 2009. Catches of blue whiting have
been greater than those of cod since 1999,
reaching a peak in 2004. However, the catch
has declined in recent years owing to reduced
recruitment and lower fishing mortality. The
total Northeast Atlantic catches of species
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showed a general decline (Figure B2.4). Saithe
(Pollachius virens) and haddock have formed
an increased proportion of the catch, whereas
whiting and Norway pout have declined
alongside cod.

Both North Sea and Norwegian spring-
spawning herring have recovered from
overfishing and have sustained the growth in
catches of herring through to the mid-2000s
(ISSCAAP Group 35; Figure B2.5). The North
Sea herring catch has largely stabilized despite
low recent recruitment. Catches of European
sprat (Sprattus sprattus) have been relatively
stable in the last 15 years.

Capelin  (Mallotus villosus) catches are
affected by environment changes and, thus,
show high short-term variability (ISSCAAP
Group 37; Figure B2.5). Capelin catches were
highest in 1970-1985, fluctuated dramatically
between 1985 and 2005, and were at their
lowest level between 2005 and 2009. Atlantic
mackerel (Scomber scombrus) now makes the
largest contribution to ISSCAAP Group 37,
and, after a dip in 2006, its catch has returned to
around the long-term average maintained since
the mid-1970s.

Flatfish catches, primarily made up of plaice
(Pleuronectes platessa), show a decline since
1990, primarily due to overfishing (ISSCAAP
Group 31; Figure B2.6). Atlantic redfish
fisheries (various deep-sea and oceanic stocks
of Sebastes mentella and S. marinus; ISSCAAP
Group 34) are predominantly in international
waters in the Irminger Sea. The redfish catches
declined overall between 2000 and 2009 partly
owing to depletion and partly management
action.

The small-mesh fishery for sandeels
(ISSCAAP Group 33) has expanded
substantially since the 1970s, supplying the
market for fishmeal. Catches for 1985-2002
showed no trend and varied between 0.65 and
1.24 million tonnes (Figure B2.6). However,
since 2002, sandeel catches have declined to
below 500 000 tonnes owing to environmental
change and the introduction of management
measures.

Catches of shrimps and prawns (ISSCAAP
Group 45), which include the valuable Nephrops

norvegicus fisheries, increased between the

FIGURE B2.4
Annual nominal catches of selected species in
ISSCAAP Group 32, Northeast Atlantic (Area 27)

1.0+

—— Haddock
0.9+ —— Norway pout
084 Pollar cod
—— Saithe(= pollock)
w 0.7 Whiting
§ 0.6
.5 0.5
S04
0.3
0.2 A
0.1 \/
AL
0.0 - = D v

1950 1960 1970 1980 1990 2000 2009

FIGURE B2.5
Annual nominal catches of selected species in
ISSCAAP Group 35, 37, Northeast Atlantic (Area 27)
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early 1980s and 2000 (Figure B2.6). Since then, the fishery has declined to levels
observed before 1980. These changes in total catch are mostly attributable to declines
in northern prawn (Pandalus borealis) catch. Unlike northern prawn, the combined
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catches of other shrimp and prawn in ISSCAAP Group 45 species declined slowly from
the mid-1950s to 1990s. However, since 2000, their catch has risen to become stable at
40 000-50 000 tonnes.

RESOURCE STATUS AND FISHERY MANAGEMENT

The ICES provides scientific advice for fisheries in the Northeast Atlantic through its
Advisory Committee (ACOM). This committee oversees the production of scientific
advice for the management of coastal and ocean resources, and ecosystems on behalf of
the ICES. Scientific research is coordinated with ACOM through the Science Committee
(SciCOM). The scientific advice is based upon peer-reviewed analyses prepared in the
ICES expert groups. The ACOM advice is used by the relevant management authorities,
which include government institutions, particularly the European Commission, and
multilateral organizations, notably the North East Atlantic Fisheries Commission
(NEAFC).

In 2009 and 2010, ICES provided advice on 129 stocks. The majority of larger stocks
are assessed annually with age-structured stock assessments. For most other species, the
advice is constrained to suggesting limits on catches and identifying further information
that is required for more precise recommendations on management measures. Lack
of data, or unreliable data, is the main constraint on the precision and accuracy of
these assessments. For several stocks, catches have been misreported, and many lack
a reliable abundance index to apply standard assessment techniques. Current status of
exploitation and trend of catch in the region is shown in Table D2.

Through limit and precautionary reference points for SSB and fishing mortality
(F), ICES has attempted to implement the precautionary approach in a consistent way.
However, for a large number of stocks, reference points remain undefined because the
management authority has either yet to agree on the basis for defining them or the
necessary data are lacking. More recently, MSY has been adopted as the standard basis
for reference points (e.g. Iceland, European Union [EU] Common Fisheries Policy
[CFP)) in line with other countries (e.g. the United States of America). In addition, the
EU policy paper on fisheries management (COM (2010) 241 Annex III) defines the
fishery categories that form the basis for TAC estimation. This is particularly useful
where information and stock assessments are lacking. Better definition of fishery
categories should lead to improvements over time in standardizing definitions of stock
status.

The resource status described here is based upon the 2009 and 2010 advice (ICES,
2009, 2010a). The advice and working group reports are published on the ICES Web
site (www.ices.dk).

Northeast Arctic fisheries (ICES Subareas | and )
The main demersal and pelagic fisheries all show a similar pattern of depletion and
recovery. Northeast Arctic cod and haddock are generally caught together in trawl
fisheries under a joint agreement between Norway and the Russian Federation. Both
stocks were depleted in much of the period from the 1950s to the 1980s. Since then,
they have recovered through reduced fishing mortality and are currently considered
to be harvested sustainably. Recent high biomass of both species is the result of the
management controls that have limited fishing mortality very effectively. Saithe has
recovered to a level on a par with the estimated spawning stock size in the 1960s. Stock
condition for capelin is considered good with catches remaining at or below sustainable
limits. This is important as capelin is an important prey for many predators in the
region, including cod and haddock.

In contrast, Greenland halibut, Norwegian coastal cod and redfishes appear depleted.
A rebuilding plan has been proposed by Norwegian authorities for their coastal cod,
which is being evaluated by ICES. Greenland halibut (Reinhardtius hippoglossoides) has



B2. Northeast Atlantic — FAO Statistical Area 27

41

no recovery plan, and the 2010-12 TAC was set above that recommended for recovery.
The scientific recommendation for redfishes (Sebastes marinus and S. mentella) is to
keep catches as low as possible. This is not surprising given their current status, low
productivity and the high fishing pressure in the region.

There is evidence that northern shrimp catches in the Barents Sea have been below
their MSY. Similarly, there is no targeted fishery for polar cod (Boreogadus saida),
and catches are low compared with the likely resource size of 1.2 million tonnes
(Anon., 2009). However, polar cod, like capelin and sandeel, is an important prey for
many arctic species, and safe levels of exploitation may be low under an ecosystem
approach to fisheries.

The Baltic (ICES Divisions Ilib-d)

The Baltic ecosystem is heavily influenced by environmental conditions that result
from the semi-enclosed nature of the sea. Freshwater inflows to the Baltic tend to lower
salinity and oxygen levels. These can often raise temperature and nutrients, and can
affect cod recruitment in particular. However, intermittent inflows of oceanic water
from the North Sea with higher salinity and oxygen levels refresh the environmental
state. This makes fishery management in the Baltic particularly difficult as sustainable
exploitation levels will vary in response to the environmental conditions.

A major period of ecological stress in the Baltic appears to have occurred between
1987 and 1993 (Diekmann and Mollmann, 2010). In this period, low salinity, low
dissolved oxygen, high temperatures and high nutrient levels occurred. At the same
time, there was high cod fishing pressure, which may have pushed the biotic part of
the ecosystem into a new state with reduced cod productivity. The abundance of cod
as the main predator of sprat and herring has an important effect on the whole Baltic
ecosystem.

Western and eastern Baltic cod (Subareas 22-24 and 25-32) appear currently fully
exploited in 2009. Both stocks, but particularly eastern Baltic cod, have been through
periods of prolonged depletion. Eastern Baltic cod has only recently (2008-09) been
rebuilt, mainly by management achieving a significant reduction in fishing mortality.
In addition, the Baltic cod fishery has had considerable problems with monitoring and
control. Under-reporting of catches was a particular concern in 1993-96, and 2000-07.
This problem appears to have reduced more recently.

There are several herring stocks in the Baltic that are fully exploited or whose
status is unknown owing to a lack of data. The largest stock, central Baltic herring,
is overexploited. Sprat is fully exploited and the stock has appeared stable in the last
decade despite a trend in fishing mortality to above the precautionary level. However,
the recovery in the main predator, cod, may require a reassessment of management
objectives for these stocks.

The North Sea (ICES Subarea 1V), Skagerrak (Divisions llla) and Eastern
Channel (Division VIid)
The North Sea cod stock assessment now includes cod caught in Skagerrak, the Eastern
Channel and the North Sea. Based on the estimated status in 2009, ICES classifies the
stock as having “reduced reproductive capacity and as being at risk of being harvested
unsustainably”. The stock has increased in size since the lowest observed biomass in
2006, but rebuilding is not complete. Controlling fishing mortality has been difficult
mainly owing to discarding practices and the mixed species composition of the demersal
fishery. A major limitation on catches for many small-scale fisheries in this region is due
to cod bycatch limits. However, there is a stronger 2005 cod year class, which, together
with controls on fishing effort, will support the current rebuilding plan.

Haddock and saithe, in contrast to cod, are at full reproductive capacity and harvested
sustainably, despite recent recruitments being poor. Whiting status in the region is
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unclear. Recruitment has been very low since 2002, with an indication of a modest
improvement recently. However, ICES is currently recommending reduced whiting
catches to reverse the long-term decline in population size.

With reduced importance of cod, smaller fisheries have increased as a proportion
of the value of fisheries landings. Of these, the nephrops (Norway lobster, Nephrops
norvegicus) are a resource that has increased in importance relatively recently. There are
nine management units for nephrops in the North Sea and Skagerrak/Kattegat region
with catches averaging between 1 000 and 10 000 tonnes. All of these units are fully
exploited.

Plaice (Plenronectes platessa) and sole (Solea solea) are the major species in the mixed
flatfish fishery. Although still under a rebuilding plan in 2009, North Sea sole and plaice
are classified as having full reproductive capacity and as being harvested sustainably.
The status of smaller stocks of Eastern Channel sole and plaice is less certain. Both
stocks are at greater risk of overfishing. Other flatfish species have not been assessed,
but the reduction in directed effort on plaice and sole is likely to have had a positive
effect on them as well.

The main herring stock, autumn-spawning North Sea herring, consists of a number
of spawning components. The landings from these components cannot be separated and
are therefore treated as a single stock. Recruitment of these stocks has been very poor
since 2002. This poor recruitment has been taken into account in developing the EU-
Norway agreement that sets exploitation levels on these species. There are some other
small spring-spawning herring stocks associated with gravel beds and river estuaries
that are managed locally.

The shorter-lived species such as the three sandeel stocks are considered at risk of
reduced reproductive capacity. A reduction in their TAC was thus advised (ICES,
2011). The Norway pout (Trisopterus esmarkiz) stock is considered at full reproductive
capacity. Less is known about the state of sprat, but survey trends indicate the stock
size has increased from the 1980s and has varied around an average level since 1998
with no trend. The population sizes of all these species are generally more influenced
more by the environment than by longer-lived species. Temperature and salinity affects
processes such as natural mortality and recruitment. This causes significant changes
in population size even in the absence of fishing. In addition, they are important prey
species for a number of other fish stocks (cod, saithe, haddock and mackerel), marine
mammals and seabirds. Consideration of these issues makes management of the relevant
fisheries difficult, and well-defined reference points are as yet unavailable.

Iceland (ICES Divisions Va), the Faeroe Islands (Vb), the Irminger Sea and
Greenland (Subareas Xll and XIV)

Cod is the most important resource in this region in terms of volume. Icelandic cod
is the largest fishery. Although the current biomass remains low compared with levels
observed in the 1950s, the stock is increasing in size and is above the limit reference
point. A management plan is being implemented that should keep fishing mortality
to levels more consistent with the MSY. The state of the slightly smaller Iceland and
East Greenland cod stock is uncertain. The ICES recommendation was that no fishery
should take place in 2011 to improve the likelihood of establishing offshore spawning
stocks. The smaller Faroese cod stocks are also in a more parlous state than Icelandic
cod; and ICES has recommended that the Faroe bank cod fishery be closed to allow
stock recovery. Faroe plateau cod is in a better state, although its biomass is still below
the target level.

Cod is often caught with haddock, but the haddock stock in the same area is probably
in a better state, with its biomass as high as that observed in 1980s. However, haddock
lacks a management plan, which is currently under development. Faroe haddock is also
considered to be at risk, and ICES recommends catches should be as low as possible
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to allow rebuilding. The two stocks of saithe, in Faroe Islands and Iceland, are both
considered at risk, and ICES recommends a reduction in fishing mortality on these
stocks as well.

Greenland halibut stock in this region has remained close to its limit reference point.
Despite recommendations to the contrary, fishing mortality on this stock has risen.
The recommendation of ICES has been to set the TAC below 5 000 tonnes, which is
substantially lower than the 2009 landings of just under 30 000 tonnes.

There are five management units for redfish (Sebastes sp.) identified in the region.
These are slow-growing species that are likely to be vulnerable to overexploitation.
Three of the stocks are considered fully exploited, whereas the Iceland and eastern
Greenland shallow and deep water pelagic stocks of beaked redfish (S. mentella) are
considered overexploited.

The status of Iceland—East Greenland—Jan Mayen capelin is unclear owing to the
lack of reference points. The spawning stock left in spring 2009 was estimated to be
below the management target, suggesting that the stock is at risk. Icelandic summer-
spawning herring face a different problem. The stock increased from 2003 to well above
the precautionary level owing to a reduction in fishing mortality. However, the stock has
fallen dramatically since 2008, coinciding with an outbreak of Ichthyophonus infection,
which continued in 2009. As it progresses, the disease will require the stock assessment
to rely on the annual survey to obtain estimates of stock status.

The West of Scotland and Rockall (ICES Divisions Vla-b), the Irish and Celtic
Seas (Divisions Vlla-c and Vlle-k), and the Bay of Biscay (Division Vllla-b)

The ICES Divisions VI-VIII (excluding the Eastern Channel), covering areas to the
west and south of the British Isles, contain upwards of 42 stocks monitored by ICES.
The fisheries in this region have been under stress and present significant challenges
for management. Many of these stocks are overexploited and others lack data to
provide any scientific advice. Most stocks are relatively small with landings of less than
10 000 tonnes. Some stocks, for example haddock in Division Vla, are biologically part
of the North Sea.

Western horse mackerel (Trachurus trachurus) is probably the largest fishery in
terms of volume in this region. The fishery is considered fully exploited, although the
exact status is unknown. The cod stocks form most of the other major landings. West
of Scotland and Irish Sea cod are considered to have reduced reproductive capacity. The
status of Celtic Sea and Rockall cod is unknown. However, precautionary advice for
Celtic Seas suggests a reduction in fishing. Catches of the small Rockall stock appear to
have declined without management intervention.

Many of the demersal fisheries are part of a mixed trawl fishery and are affected by
discarding and misreporting. West of Scotland haddock and whiting are overexploited,
whereas Rockall haddock appears fully exploited. There are inadequate data to assess
Celtic Sea and Irish Sea haddock stocks. Irish Sea whiting is overexploited. Northern
shelf anglerfish (Lophius spp.) and megrim (Lepidorhombus spp.) and West of Britain
whiting are considered fully exploited.

There are separate plaice and sole stocks in the Western Channel, Irish Sea, West of
Ireland, Southwest of Ireland and the Celtic Sea, all of which with the exception of Celtic
Sea sole and Irish Sea plaice are considered at risk or harvested unsustainably. Irish Sea,
West of Ireland and Scotland, and North of Scotland herring probably form a complex of
stocks, which are at significant risk of overexploitation. The Celtic Sea/South of Ireland
stock, however, has recently recovered and the stock is at full reproductive capacity.

The non-finfish fisheries in the region mainly target nephrops. There are
10 management units in the region with landings of between 500 and 7 000 tonnes. Of
these, six are considered overexploited or at risk of reduced reproductive capacity. As
with other small-scale fisheries, assessments are severely limited by data.
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The Bay of Biscay sardine and sole fisheries are not likely to be overexploited, but
assessments are severely data-limited. In contrast, the larger anchovy fishery is thought
to be at risk. There is almost a 50 percent chance that the stock is below its limit reference
point, where the risk to the reproductive capacity is considered unacceptable.

This region also includes the larger of the two hake stocks (Merluccius merluccius)
in the Northeast Atlantic. The northern hake stock, which also extends into the North
Sea, is at full reproductive capacity and is being harvested sustainably.

Iberian Region (ICES Division Vllic and Subareas IX and X)

The main demersal species in the Iberian Region are hake (Merluccius merluccins),
anglerfish (Lophius spp.) and megrim (Lepidorhombus spp.). In contrast to the northern
hake stock, the southern hake is at reduced reproductive capacity and at increased
risk of overfishing. Spanish and Portuguese megrim (L. boscii and L. whiffiagonis) are
fully exploited. Anglerfish status is uncertain, but one of the two species is likely to be
overfished. Scientific advice recommends reduction in catches to build the stocks to
their MSY. There are also two small nephrops stocks, one of which, the North Galicia
and Cantabrian Sea management unit, is considered to be overexploited.

The Spanish and Portuguese sardine (Sardina pilchardus) fishery, which is the
largest by volume, the anchovy (Engraulis encrasicolus) fishery and the southern horse
mackerel fishery are considered fully exploited and stable. While the sardine biomass
has recently declined, this is due to poor recruitment, probably caused by chance or
environmental effects.

North Atlantic and Baltic salmon stocks

There are more than 1 500 rivers with salmon (Salmo salar) stocks in the Northeast
Atlantic Commission (NEAC) Area of the North Atlantic Salmon Conservation
Organization (NASCO). Overall, data from monitored rivers suggest that there has
been no trend in smolt production.

Salmon is divided broadly into three stock complexes. The smaller Northern
European (Scandinavia and the Russian Federation) 1 sea-winter (1SW) and multi-sea-
winter (MSW) stock complex is considered to be fully exploited, but at full reproductive
capacity. The larger Southern European (Ireland, the United Kingdom of Great
Britain and Northern Ireland, and France) 1SW stock is considered to be at reduced
reproductive capacity, and the Southern European MSW stock complex is considered
to be at risk of reduced reproductive capacity. The current estimates for the sizes of
both stock complexes are among the lowest in the time series.

Although estimated exploitation rates have generally been decreasing over time
for all stock complexes, there has been little improvement in the status of stocks. This
is mainly because of continuing poor survival in the marine environment, probably
because of climate effects.

Baltic salmon is assessed separately. The natural smolt production of salmon
populations in the Baltic has continued to increase and is now about 70 percent of the
overall potential wild production. However, in common with other salmon populations,
survival of post-smolt fish has remained low, and has suppressed recovery of wild
salmon stocks.

Widely distributed, deepwater and migratory stocks

Blue whiting are caught from the Barents Sea to the Straits of Gibraltar. Based on the

2009 estimates of biomass and fishing mortality, ICES classifies the stock as having

full reproductive capacity and being harvested sustainably. Recently (in 2008), a new

management plan has been implemented by Norway, EU, Faroe Islands and Iceland.
Mackerel is assessed as a single stock for the Northeast Atlantic, although it is made

up of distinct spawning components, of which the Western is by far the largest. The SSB



B2. Northeast Atlantic — FAO Statistical Area 27

45

has increased from a low of 1.8 million tonnes in 2002 to about 2.5 million tonnes in
2008, a level similar to that seen in the 1990s. At present, the stock as a whole is at full
reproductive capacity. However, the North Sea component is still depleted and, hence,
catches in the North Sea are prohibited at appropriate times to encourage its recovery.

Despite the recent increased SSB, the fishery has a number of problems. Catches have
generally exceeded the levels recommended by ICES. Misreporting has been a serious
problem in this fishery, especially in international waters, although the problem has
been very much reduced in recent years. There is an agreed management plan, but this
has not been followed since 2007 owing to disagreements among the fishing nations.
Problems are partly due to the summer mackerel distribution extending farther north
in recent decades, so that the stock is being commercially fished in areas where it was
previously not fished, particularly in the Icelandic EEZ.

Deepwater species such as the Argentine (Argentina sphyraena), greater silver smelt
(Glossanodon leioglossus), roundnose grenadier (Coryphaenoides rupestris) and Atlantic
orange roughy (Hoplostethus atlanticus), along with more than 20 other species of bony
fish and more than 10 species of sharks are now caught in deepwater fisheries. The
productivity of these stocks is often low even where the population sizes are initially
large. This makes them particularly vulnerable to overfishing. The advice of ICES is
that effort in these fisheries be kept as low as possible until the response of these species
to fishing is better understood. Therefore, appropriate data need to be collected from
these fisheries if they are to be continued. Indeed, ICES goes so far as to recommend that
some stocks, for example, orange roughy, should not be fished at all. For others such as
tusk (Brosme brosme), ling (Molva molva) and red seabream (Pagellus bogaraveo), the
fisheries may have long-term potential, depending on the area fished.

ENVIRONMENTAL ISSUES
A report by ICES (2010b) outlined the main physical oceanographic events that
occurred in 2009:

* The upper layers of the northern North Atlantic and the Nordic Seas were warm

and saline in 2009 compared with the long-term average.

* A strong cold anomaly developed in the surface of the central North Atlantic in

the summer.

® Warming and salination of deep waters has continued.

Evidence suggests multidecadal changes in ocean climate have been driving changes
in recruitment and productivity in the North Atlantic and Pacific Ocean (Klyashtorin,
2001). Long-term climate change may make stocks more vulnerable to fishing by
reducing the overall carrying capacity of the stock. This will mean that past exploitation
rates might not be sustained (Jennings and Blanchard, 2004) and reference points based
on historical data may be invalid. Therefore, s main concern is how climate change
affects the way fisheries should be managed (Rijnsdorp et al., 2010).

Theeffects of climate changeare potentially complex and difficult to predict (Rijnsdorp
et al., 2010). Climate will affect not only average temperatures, but the frequency of
very cold or hot seasons, changes in sea ice cover, CO, levels, pH, salinity, wind and
rainfall patterns. Changes in these can affect physiology, behaviour and population
dynamics of species, and hence affect whole ecosystems. Separating these effects from
the more direct effects of pollution and fishing is difficult. One of the problems for
fisheries science is the complex life history of fishes. They have a factor of ten increase
in body size throughout life that leads to major changes in ecology (Rothschild, 1986).
Pre-recruits, in particular, may be in life stages that are more vulnerable to changes in
climate.

Productivity of fish populations is determined by recruitment, growth and mortality,
all of which can be affected by changes in climate. For example, in a comparative study
of 15 cod stocks, the large differences in productivity corresponded to differences in
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water temperature (Dutil and Brander, 2003). In the Bay of Biscay and Mediterranean,
changes in river runoff are expected to alter the productivity of sole (Rijnsdorp et al.,
2010). Climate change may also affect management controls. Closed areas may not
achieve their objectives because species or life stages shift outside the boundaries of the
protected area (e.g. the North Sea “Plaice Box” — van Keeken ez al., 2007).

Another concern is the effect on benthic habitats of bottom trawls, particularly
beam trawls. Beam trawls have been shown to affect the benthic community on sand
(de Groot, 1984) and gravel beds (Kaiser and Spencer, 1996). There is little doubt
among fisheries managers that many fishing gear types are affecting benthic habitats.
The problem facing fisheries managers is to quantify and manage this impact, as the
interaction is complex. The primary problem is the physical impact of the gear on the
animals on or close to the substrate surface. The degree of impact will depend on the
weight and speed of the trawl, frequency of trawling, and the bottom type as well as
the characteristics of the animals themselves (OSB, 2002). Management of these impacts
involves a multistep process:

e Identifying an acceptable impact as many of the fisheries had been operating
for many years before baseline data were collected. This makes the basis for
determining the acceptable ecological impact on habitat and the ecosystem
unclear.

e Assessing the impact for different gear types and minimizing impacts through
technical changes to the gear and the way it is used.

e Controlling the fishery operation over the various marine habitats (the fishery
“footprint”), which involves overlaying the fishery activity on a habitat map, and
limiting the area of the fishery or frequency at which specific areas are fished.

e Applying overall control on fishing activity, such as limits on capacity and
fishing effort. This forms the more usual fishery management intervention and is
necessary to conserve the target stock.

The Marine Strategy Framework Directive (EU, 2008) provides the policy for
dealing with this sort of issue in the EU. However, obtaining the necessary information
to implement the effective management may still take time.

Other environmental concerns arise out of the expansion of mariculture in the
Northeast Atlantic region. Extensive farming exists for Atlantic salmon, which may
have environmental impacts through local eutrophication. Potential negative impacts
on wild populations from salmon farming can occur through interbreeding and
introduction of disease.

MANAGEMENT ISSUES

Until the late 1970s and early 1980s, the principal RFMO in Area 27 was the NEAFC.
However, the declaration of 200-mile EEZs and the establishment of the CFP of the
EU have changed the management landscape. For fish stocks occurring exclusively
within the jurisdiction of the coastal State, it is that State that manages the resource
exploitation. This applies to the majority of marine stocks in the region. For States that
are members of the EU competency for fishery managements lies with the European
Commission and is administered by DG MARE. Fisheries on stocks shared between
Norway and the Russian Federation are managed through the Norwegian—Russian
Fishery Commission. This means that the role of the NEAFC is now largely confined
to shared stocks that also occur in international waters such as mackerel, blue whiting
and redfish. The NEAFC recommends and coordinates measures to maintain the
rational exploitation of fish stocks in its convention area with scientific advice from
ICES. Measures are implemented by the contracting parties that include the EU, as
well as Denmark (in respect of Faroe Islands and Greenland), Iceland, Norway and
the Russian Federation. The NEAFC not only harmonizes measures in the region, but
coordinates the management of shared stocks, and perhaps most importantly, manages
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fisheries in international waters. If requested, it will also recommend measures for
regions under national jurisdiction.

Most fisheries are managed with stock-specific TACs. Therefore, ICES is typically
requested to provide catch advice on a stock-by-stock basis. However, other fishery
management measures are frequently used as well. Advice is modified to take account
of technical interactions (e.g. bycatch in mixed species fisheries) or of biological
interactions (e.g. predator—prey) where appropriate.

The majority of the commercial fish resources of the Northeast Atlantic have been
overexploited or depleted despite substantial investment in fishery science, monitoring,
control and surveillance. Critical components for good management were lacking.
These include effective consultation with all stakeholders, enforcement and a clear,
understandable process for dealing with risk and uncertainty. However, the signs are
positive that management is now improving.

The CFP of the EU, and other fisheries policies in the region, continue to be
developed and improved. The latest EU policy is being revised from one that focused
on fish production to one concerned much more with sustainable use. This is being
complemented with a more effective monitoring, control and surveillance (MCS)
system implemented in 2009.

Currently, seven Regional Advisory Councils (RACs) have been established after the
revision of the EU CFP in 2002 (EU, 2004, 2007). The objective of the RACs is to work
towards integrated and sustainable management of fisheries, based on the ecosystem
and precautionary approaches. They provide a way for stakeholders to discuss issues
and develop management plans.

Another related and important ongoing development has been the implementation
of testable, explicit and transparent harvest control rules. These now form the core
of a number of management plans. Fisheries where such management plans appear
successful include Northeast Arctic cod and haddock, North Sea herring, sole and
plaice. The harvest control rules have aided dialogue between industry (through, for
example, the RACs) and ICES (through management plan evaluations). Even where
management plans are not being implemented successfully, such as with mackerel, the
harvest control rule still provides a clear way to measure management performance and
a focus for improvement.

In developing management plans, ICES and relevant management authorities are
incorporating MSY as the default basis for reference points, along with ecosystem and
precautionary approaches. The transition to the ecosystem approach (ICES, 2004) and
MSY-based management will be gradual (COM, 2006).
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INTRODUCTION

The area covered by the Western Central Atlantic Fisheries Commission (WECAFC)
extends from Cape Hatteras in North Carolina, the United States of America (35°N), to
just south of Cape Recife in Brazil (10°S). It includes an area of almost 15 million km?,
of which approximately 1.9 million km? is shelf area (Stevenson, 1981). The major
subdivisions in this region are the southeast coast of the United States of America, the
Gulf of Mexico, the Caribbean Sea and the northeast coast of South America, which
includes the Guyanas (French Guiana, Guyana and Suriname) and Brazil.

The WECAFC area includes FAO Statistical Area 31 and a portion of Area 41
offshore of northern Brazil. This chapter deals only with Area 31 (Figure B3.1 and
Table B3.1). The region is geographically one of the most complex regions of the world.
It is split up into a number of deep ocean basins separated by shallow zones. There
are also a large number of island platforms, offshore banks and the continental shelf.
The major island groups in Area 31 are the Bahamas and adjacent banks and islands.
These account for more than half of the islands and banks shelf area and include the
Greater Antilles (Cuba, Puerto Rico, Jamaica and Hispaniola), and the Lesser Antilles
(Stevenson, 1981).

The North Equatorial Current flows west slightly north of the equator. It meets the
Guiana Current before splitting in two branches: the Caribbean Current that enters

FIGURE B3.1
The Western Central Atlantic (Area 31)
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TABLE B3.1

Locality and area of the major coastal shelf zones in the WECAF area
Location Area FAO

(thousand km?) Area

Continental shelf
United States east coast 110 31
Gulf of Mexico 600 31
Yucatan - eastern Venezuela (Bolivarian Republic of) 250 31
Guyana, Suriname, French Guiana 200 31
Northern Brazil 360 a1
Total Continental shelf 1520
Islands
Islands and offshore banks 380 31
Grand total 1900

Source: Stevenson (1981).

the Caribbean Sea, and the Antilles Current that flows northwards along the Antilles
and joins the Florida Current to form the Gulf Stream. The Caribbean Current flows
northwest through the Caribbean Sea, with a number of meanders, filaments and eddies
that show spatiotemporal variability. Eventually, the water flows through the Yucatan
Channel into the Gulf of Mexico, where it becomes the Loop Current that flows
clockwise through the Gulf of Mexico and through the Straits of Florida to become the
Florida Current.

Freshwater discharges from the Mississippi, Orinoco and Amazon Rivers have an
important influence on sediment discharge and ocean circulation in the region. The
productivity of the waters is recognized to be influenced by these major rivers, even
though the runoff is seasonal.

The productivity of the region is heterogeneous with alternating areas of high and
low productivity. Areas of high productivity are typically the plumes of the main rivers,
coral reefs, mangroves and seagrass beds. These last three are the coastal habitats of main
interest, as they provide coastal protection against waves and storm surges. They also host
the spawning and nursery grounds of a number of living marine species (Heileman, 2007).
Seasonal upwelling is also a source of high productivity, especially between January and
June in the southern Caribbean (Muller-Karger and Aparicio-Castro, 1994).

The WECAFC areahasahigh diversity of species, particularly around southern Florida,
eastern Bahamas and northern Cuba. There is also a high level of species endemicity
within the Caribbean. The Caribbean Sea has the highest level of species diversity in the
tropical Atlantic and is considered a global hotspot of marine biodiversity (Roberts et al.,
2002; Miloslavich et al., 2010). Species of interest to fisheries include molluscs, crustaceans
(lobster, penaeid shrimps, crabs), coastal fishes occupying various substrata (soft bottom
or reefs), large migratory fish species and deep-slope fish species.

PROFILE OF CATCHES

The total landings in Area 31 increased steadily from about 0.5 million tonnes in 1950 to
a peak of near 2.5 million tonnes in 1984. This was followed by a rapid decline between
1984 and 1992, and catches stabilized subsequently at about 1.5 million tonnes until 2003
(Figure B3.2). They then declined further to 1.3 million tonnes in 2009. This decrease is
mainly due to the diminished catches of ISSCAAP Groups 33 (miscellaneous. coastal
fishes that include groupers, snappers, mugilidae) and 35 (small pelagic fish, herrings,
sardines and anchovies).

The proportion of non-identified species remained stable throughout the years
(between 15 and 20 percent), indicating that no or limited progress was made in the
identification of the species in the landings. ISSCAAP Group 39 (marine fishes not
identified) accounted for 124 000 tonnes and 117 000 tonnes of the total landings in
2008 and 2009, respectively (about 10 percent of the catches).
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FIGURE B3.2
Annual nominal catches by ISSCAAP species groups in the Western Central Atlantic
(Area 31)
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ISSCAAP Group 35 (herrings, sardines, anchovies) makes the largest contribution
in the catches, with 44 percent of the total catches in Area 31 in 2009. This is mostly
due to the Gulf menhaden (Brevoortia patronus) caught mainly by the United States
of America. Catches of this species increased irregularly from about 200 000 tonnes in
1950 and reached a peak in 1984 at 1 million tonnes. After 1984, the catches declined,
dropping to 433 000 tonnes in 1992. In recent years, the landings have been relatively
stable, fluctuating between 450 000 tonnes and 500 000 tonnes, with a minimum recorded
in 2005 at 370 000 tonnes (Figure B3.3). The most recent declines in landings are in
part because of the active tropical storm season in 2004 and the two major hurricanes,
Katrina and Rita, in 2005 that damaged vessels and processing plants (Vaughan, Shertzer
and Smith, 2007). Atlantic menhaden (B. tyrannus) is the other species that used to be
important in terms of landings in the United States of America. However, the fishery
has experienced a continuous decline in catch in the last few years, reaching a historical
low of 120 tonnes in 2009.

Six families dominate the small pelagic catches from ISSCAAP Groups 35
(herrings, sardines, anchovies) and 37 (Other miscellaneous pelagic fishes): Exocetidae
(flyingfishes); Clupeidae (herrings and sardines); Engraulidae (anchovies and
anchovetas); Carangidae (jacks, bumpers and scads); and Hemiramphidae (halfbeaks).

The round sardinella (Sardinella aurita)

still accounts for important catches in weight. FIGURE B3.3

However, the landings show wide fluctuations, Annual nominal catches of selected species in
with a spectacular increase in the 1990s, | ISSCAAP Group 35 in the Western Central Atlantic
reaching a maximum of 191 000 tonnes in (Area 31)

1998. This was followed by a steep decrease 121 —Gulf menhaden

from 160 000 tonnes in 2002 to 37 000 tonnes ——Atlantic menhaden

1.0
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Venezuela (Bolivarian Republic of) and Mexico.

FIGURE B3.4 The countries declaring Atlantic thread herring

Annual nominal catches. of selected species in are mainly Venezuela (Bolivarian Republic of),
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The catches of unidentified jacks and
Sy trevallies of the genus Caranx are reported

190 1970 1980  19s0 2000 2009 | mainly by Venezuela (Bolivarian Republic of),

Mexico and Trinidad and Tobago. They show
a regular increase from 3 000 tonnes in 1950 to a maximum of 12 800 tonnes in 1997
and then a steep decrease from 12 400 tonnes in 2003 to 5 400 tonnes in 2009. This
most recent decline was mainly due to a reduction in the landings declared by Mexico.
This decrease actually corresponds to a change in the reporting system in 2005, when
Mexico started reporting blue runner (Caranx crysos). If the landings of Caranx spp.
and Caranx crysos are summed, the trend actually shows fluctuations around an annual
average of 10 800 tonnes in the period 2003-09. This illustrates that the changes are due
to improved species identification rather than any underlying change in the fishery or
ecosystem.

The four-winged flyingfish (Hirundichthys affinis) is known to support important
local fisheries in the eastern Caribbean for bait fish and human consumption. The
landings statistics are poor, but were recently corrected for Barbados, Tobago, Grenada,
Saint Lucia, Saint Vincent and Grenadines, Martinique and Dominica. These corrected
catch statistics show landings fluctuating around 3 500 tonnes in the period 1985-2004.
This was followed by a decrease in the last few years when catches reached 2 500 tonnes
(FAO, 2010). As for the common dolphinfish (Coryphaena hippurus), the countries
reporting the highest catches recently have been Venezuela (Bolivarian Republic
of), Barbados, France (Guadeloupe), Saint Lucia and the United States of America.
The catches of this species have increased regularly since the 1950s. They reached
4 500 tonnes in 1997, then decreased to 2 600 tonnes in 2005, before increasing again
to more than 5 000 tonnes in 2009. Venezuelan catches accounted for one-third of the
total in 2008 and 2009.

The ISSCAAP Group 33 (miscellaneous coastal fishes) continues to contribute a
significant proportion of the landings (Figure B3.2). This group accounted for about
9 percent of the catches in the region in 2009. The species or families that contribute
the most to this group are: marine catfishes (Ariidae); groupers, seabasses (Serranidae),
especially the groupers (Epinephelus spp.); grunts, sweetlips (Haemulidae); snappers,
jobfishes (Lutjanidae), especially the northern red snapper (Lutjanus campechanus),
the yellowtail snapper (Ocyrus chrysurus) and the vermilion snapper (Rhomboplites
aurorubens), croakers, drums (Sciaenidae), especially the weakfishes (Cynoscion spp.)
and the whitemouth croaker (Micropogonias furnieri); and the snooks (Centropomidae),
especially the common snook (Centropomus undecimalis). Overall, the catches of this
Group are lower than in the previous decade, despite a peak in 2003-05; the current
catches are about 119 000 tonnes (Table D3).

The subdivision of the miscellaneous coastal fish (soft substrata and reef fishes) of
the previous review (Cochrane, 2005) has been retained in this analysis. The sea catfish
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catches increased from 1950 reaching almost
30000 tonnes in 2004 but then decreased sharply, FIGURE B3.5

dropping below 7 000 tonnes in 2009, only Annual nominal catches of selected soft-bottom
species, Western Central Atlantic (Area 31)

one-quarter of their 2004 peak (Figure B3.5).
The main fishing countries remain Mexico
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identification of the reported catches. Although
catches vary widely, whitemouth croaker
catches have also demonstrated a clear decline
from about 6 000 tonnes in 2004 to 2 700 tonnes
in 2009 (Figure B3.5). This species is mainly
fished by Venezuela (Bolivarian Republic of).
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29 000 tonnes in 1981, reaching 7 000 tonnes
in 2009. Red grouper (Epinephelus morio)
landings have decreased more or less continuously from the maximum of 9 300 tonnes
observed in 1970. However, the catches reported for red grouper only reflect landings
by Cuba and the Dominican Republic and not those of the major producers in the
region: Mexico and the United States of America. In Mexico average catches during
the period 2002-2006 amount to about 6 500 tonnes (Burgos-Rosas et al. 2008) while
in the USA for the same period the average was about 3 200 tonnes (SEDAR, 2009a).
Landings of unidentified snappers and jobfishes increased throughout the recording
period until 1990 and then started showing wide oscillations. Despite the fluctuations,
there seems to be a decreasing trend since the 1990s, with 8 000 tonnes being landed
in 2009. Venezuela (Bolivarian Republic of), Mexico and the Dominican Republic are
the countries that declare the highest landings of unidentified snappers and jobfishes.
The northern red snapper (Lutjanus campechanus) and the lane snapper (L. synagris)
landings show fluctuations throughout the period, with a decreasing trend since the
early 1990s (Figure B3.6).

The decreasing trend for Nassau grouper (Epinephelus striatus) has continued, with
a minimum of 246 tonnes caught in 2009, most of which was declared by the Bahamas.
Nassau groupers have been severely depleted by fishing and the species was listed on
the International Union for Conservation of Nature (IUCN) Red List of Threatened
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Thousand tonnes

Annual nominal catches of selected species in
ISSCAAP Group 36 in the Western Central Atlantic
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Species in 2003. Many of the remaining
FIGURE B3.7 spawning aggregations are protected; this may
account for the decrease in the landings in
recent years, among other things.

Vermillion snapper (Rhomboplites
anrorubens) started to be declared in 1997, with
an average of 800 tonnes per year until 2004.
However, in the last five years, the landings
have reached an average of 3 700 tonnes per
year. This is due mainly to the fact that Mexico
started reporting higher landings in 2005, as
well as to a slight increase in the catches of the
United States of America. More than an increase

(Area 31)

Skipjack tuna

in catches, this is probably due to an improved
) ‘“~u | identification of the species and, hence, more

1960 1970 1980 1980 2000 2009 | correct reporting of the landings. This is also

reflected in the statistics on other coastal species,
such as yellowtail snapper (Ocyurus chrysurus), unidentified snappers and jobfishes,
grey snapper (Lutjanus griseus), cubera snapper (Lutjanus cyanopterus), white grunt
(Haemulon plumierii), unidentified snooks (Centropomus spp.), sea catfishes (Ariidae),
unidentified porgies and seabreams (Sparidae). For example, Mexican landings show
wide variations between 2004 and 2005, with some landings doubling or even tripling
from one year to the next. This reallocation of the catches would explain why some
species show a spectacular decline in 2005 in Mexico, as for example common snook
(Centropomus undecimalis) (5 400 tonnes in 2004 to 20 tonnes in 2005).

The catches of the ISSCAAP Group 36 (tunas, bonitos and billfishes) fluctuate
widely between years. The major species show a clear declining trend, although the
starting year of the decline varies among species (Figure B3.7). The overall catch of the
group averaged 87 000 tonnes in the 1990s and 71 000 tonnes in the 2000s.

Yellowfin tuna (Thunnus albacares) remains the most landed species. Two distinct
periods could be identified while analysing the catches of this species: from 1950 to 1980,
the catches increased up to a maximum of 28 000 tonnes in 1962, before decreasing to
6400 tonnes in 1979. A notable increase occurred between 1980 and 1985 (33 500 tonnes)
and then catches show an overall decrease until 2009, when they reached 12 700 tonnes.
The decrease is attributed to reduced fishing effort on yellowfin. However, in some areas,
environmental conditions may have affected abundance (ICCAT, 2009). The albacore
(Thunnus alalunga) catches have continued to decrease, falling from 10 000 tonnes in
2002 to 2 000 tonnes in 2009. This is probably because of a reduction in effort by the
fleet from Taiwan Province of China. Skipjack tuna (Katsuwonus pelamis) landings
fluctuated, but with a decreasing trend, between 3 700 tonnes in 2002 and 3 000 tonnes in
2009. The main fishing countries are Venezuela (Bolivarian Republic of) and, to a lesser
extent, Cuba. The Atlantic bonito (Sarda sarda) landings increased regularly from the
1950s, reaching a maximum of 4 700 tonnes in 1994. Landings then started decreasing,
reaching 1 600 tonnes in 2009, when the catches were mainly reported by Mexico.

The coastal large pelagic catches are dominated by the same species as in previous
years: king mackerel (Scomberomorus cavalla), declared mainly by Mexico, the United
States of America, Venezuela (Bolivarian Republic of) and Trinidad and Tobago; Atlantic
Spanish mackerel (Scomberomorus maculatus), in Mexico and the United States of
America; serra Spanish mackerel (Scomberomorus brasiliensis) in Venezuela (Bolivarian
Republic of) and Trinidad and Tobago; and cero (Scomberomorus regalis), (Figure B3.8).
The catches of all four species are characterized by wide fluctuations. In the last few
years, there seems to be an overall decreasing trend for Atlantic Spanish mackerel, with
catches as low as 6 700 tonnes in 2009. There has been an overall increasing trend for
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king mackerel since records began. In 2009,
the catches of king mackerel and serra Spanish
mackerel were 10 600 tonnes and 4 100 tonnes,
respectively. The recorded Cero catches show
low values in the years 2000s compared to the
1990s. Catches fluctuated around an average of
50 tonnes in the period 2002-09. In light of the
most recent landings statistics, it appears that
landings of cero have a totally different pattern
compared with the historical data (1950-1984).
The 1990s and 2000s were characterized by a
sharp decrease in landings, and the most recent
catches represent only 5 percent of what the
catches used to be at the time of the historical
maximum of 800 tonnes in the 1960s and 1970s.
The species has been reported only by the
Dominican Republic and Puerto Rico since
then.

After an overall increase until the mid-
1990s, the catches of ISSCAAP Group 38
(sharks, rays, chimaeras) seem to have been
decreasing since 1994. Yet, in 2004, the catches
suddenly increased and reached a historical
peak at 39 600 tonnes (Figure B3.9). The 2004
peak seems to be due mainly to an increase
in catches of requiem sharks by Venezuela
(Bolivarian Republic of) (catches increased by
more than twofold between 2002 and 2004).
Larger catches of unidentified rays, stingrays
and mantas were also reported by Venezuela
(Bolivarian Republic of) and the ISSCAAP
Group 38 landings from Guyana.

The Caribbean spiny lobster (Panulirus argus)
catches decreased from 34 000 tonnes in
2002 to 24 000 tonnes in 2009 (Figure B3.10).
Caribbean spiny lobster landings are declared
by 26 countries, but Nicaragua, Honduras,
Cuba and the Bahamas together accounted for
70 percent of the catches in Area 31 in 2009.
The spiny lobster stocks are known to be
under heavy exploitation in the region and to
have been depleted in some areas. The fact that
landings have been maintained at reasonably
constant levels up until recently probably
reflects the fact that fisheries in some countries
have progressively extended to deeper waters,
for example Jamaica, Dominican Republic,
Honduras and Nicaragua.

In the same period, landings of unidentified
penaeid shrimps dropped from a peak of
more than 50 000 tonnes in 2003 and 2004 to
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Annual nominal catches of selected species in
ISSCAAP Group 38 in the Western Central Atlantic
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25 000 tonnes in 2009. The northern brown shrimp (Penaeus aztecus) and the northern
white shrimp (Litopenaeus setiferus) are the two most productive shrimp species, with
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FIGURE B3.11
Annual nominal catches of common octopus and
stromboid conchs in the Western Central Atlantic
(Area 31)
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similar landings of more than 55 000 tonnes in
2009 (Figure B3.10). However, they seem to
show opposite trends over recent years, with
an increase for the northern white shrimp and
a decrease for the northern brown shrimp.
Both species are mainly reported by the United
States of America. The trend in Atlantic seabob
(Xiphopenaeus kroyeri) landings seems to have
reversed in — after a continuous increase until
2001 (38 000 tonnes), the catches decreased
continuously to 26 000 tonnes in 2009. The
bulk of the landings are reported by Guyana
and Suriname, with more than 90 percent of the
catches of Area 31. Landings of northern pink
shrimp declined more or less continuously from
when they peaked at 22 000 tonnes in 1978 to
4 000 tonnes in 2009. Catches by the United

States of America have accounted for about 70 percent of the total.

Among the molluscs landed, oysters remain the main catches of the group in
Area 31. The most important is the American cupped oyster (Crassostrea virginica),
which is declared by the United States of America and Mexico. The landings halved
from the historical peak of 195 000 tonnes in 2000 to 84 000 tonnes in 2009, owing
to a sharp decline in the United States landings. Production of ark clams (Arca spp.)
shows a continuous increase throughout the period of record collection and reached
a historical maximum at 71 000 tonnes in 2009, mainly reported by Venezuela

(Bolivarian Republic of).

Although catches of stromboid conchs (Strombus spp.) fluctuate widely, they
appear to have declined since their historical maximum of 40 000 tonnes in 1995 down
to 23 000 tonnes in 2009 (Figure B3.11). This apparent decline is partly in response
to the listing of queen conch (Strombus gigas) on Appendix II of the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) in 1992.
This listing has controlled its export and enabled national management efforts to reduce
harvests. The countries declaring the highest landings are Mexico, Jamaica, Turks and
Caicos Islands, Belize, Dominican Republic and Nicaragua, but conchs are also declared
by a number of other countries. Landings of common octopus (Octopus vulgaris) have
shown important interannual fluctuations in the last five years between a maximum
of 24 000 tonnes in 2004 and a minimum of 7 000 tonnes in 2005. The most recently
reported catch was 17 000 tonnes in 2009, which was mainly caught by Mexico. Landing
of Mexican four-eyed octopus (Octopus maya) have been reported since 2005. They
account for one-third of octopus catches in Mexico, with an average of 5 400 tonnes

per year.

Reported landings of turtles decreased steadily from 2002 and practically disappeared
from the statistics in 2009. Landings of green turtle (Chelonia mydas) decreased from
14 tonnes in 2002 to 1 tonne in 2008, but no landings were reported in 2009. All of the
Caribbean Sea turtle species are considered endangered or critically endangered TUCN
Red List of Threatened Species) and all are listed on Appendix I of CITES, preventing

export trade in these species.

An interesting feature is the recent inclusion of unidentified sea cucumbers
(Holothurioidea) in the landings. These are mainly reported by Nicaragua, and show
that 5 tonnes were caught in 2006 and 720 tonnes in 2009. This is despite an indication
that the fishery has been operating since 1994 (Toral-Granda, 2008). This increase
in reported landings is probably due to new markets for this group opening up in

China.
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RESOURCE STATUS AND FISHERY MANAGEMENT

A number of institutional arrangements promote and facilitate the responsible utilization
of the fisheries and other aquatic resources within Area 31. Each organization has a
different geographical coverage and mandate: Western Central Atlantic Fisheries
Commission (WECAFC) of FAO, the International Commission for the Conservation
of Atlantic Tuna (ICCAT), the Caribbean Regional Fisheries Mechanism (CRFM), the
Caribbean Fisheries Management Council (CFMC), the Latin American Organization
for Fishery Development (OLDEPESCA), the Central American Organization for
the Fisheries and Aquaculture Sector (OSPESCA), the Association of Caribbean
States (ACS), the Organization of Eastern Caribbean States (OECS), and the National
Oceanic and Atmospheric Administration (NOAA). The different institutions within
Area 31 adapt to the informal arrangements that are agreed upon by these arrangements.
Some of them take the lead in the assessment and management of particular fisheries
resources. For example, the WECAFC undertakes the assessment for shrimp,
groundfish and flyingfish, the CRFM for other regional pelagics, conch, lobster and
shrimp, and OSPESCA for lobster resources (Fanning and Mahon, 2011). However,
despite the relatively large number of existing arrangements, information that can be
used for management purposes still needs to be improved in Area 31. The launching of
the Caribbean Large Marine Ecosystem (CLME) Project (Web site: www.clme.iwlearn.
org/) funded by the Global Environment Facility (GEF) in 2009 will probably provide
valuable assistance to the Caribbean countries to improve the knowledge on and the
management of their shared fisheries resources.

The stock abundance of Gulf menhaden (Brevoortia patronus) was estimated to be
between its target and limit reference points and, thus, not considered to be overfished
nor subject to overfishing. However, the stock will approach its limit reference points if
the population fecundity decreases and fishing mortality continues to increase (Vaughan,
Shertzer and Smith, 2007). Atlantic menhaden (Brevoortia tyrannus) was not considered
to be overfished nor was overfishing occurring in 2008, although uncertainties in the
assessment led to the conclusion that overfishing was potentially occurring in 2008
(ASMFC, 2011).

Following a survey carried out in 2009 along the Venezuelan eastern coasts,
the biomass of round sardinella (Sardinella aunrita) was estimated to have decreased
significantly in the last few years. This is probably because of a combined effect of
natural and fishing mortality coupled with unfavourable environmental conditions
that hampered recruitment. The stock currently shows signs of overexploitation, if not
depletion (Lépez, personal communication). In the United States of America, despite
the reduction in commercial landings of round sardinella on the west coast of Florida
since 1995, fishery independent surveys undertaken in 2003 indicated that there had
been no increase in abundance in recent years. The surveys suggest that factors other
than fishing may be responsible for changes in abundance (Mahmoudi et al., 2002).

For flyingfish (Hirundichthys affinis), analysis of data until 2008 suggests that the
eastern Caribbean stock is not experiencing overfishing, but because of the poor regional
data available, the assessment could not determine whether local depletion is taking
place (FAO, 2010). As part of the CLME Project, a case study is currently focusing on
the improvement in availability of fisheries catch and effort data. It is hoped that this
will lead to more reliable assessments in the future (CRFM, 2010a). No formal stock
assessment of Atlantic thread herring (Opisthonema oglinum) seems available in the
region.

Assessments of flathead grey mullet carried out in Mexico show that, depending on
the province, the species is either exploited at the MSY (Tamaulipas) or deteriorating
(Veracruz), as evidenced by the sharp decrease in catches. Current management
measures include a minimum landing size of 31 cm as well as a minimum mesh size
of 101 mm (SAGARPA, 2010). The most recent assessment of flathead grey mullet in
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Florida waters indicates that the stock was not overfished and that nor was overfishing
occurring (Mahmoudi, 2008).

Greater amberjack, together with a number of highly migratory species (blue marlin,
white marlin, sailfish, albacore, and bluefin tuna), were found to be subject to high
fishing mortality, with biomass below the biological threshold specified in the fishery
management plan. Sailfish in the Western Atlantic is no longer overfished, but is still
subject to overfishing (NMFS, 2011).

As for the common dolphinfish, any decline in the stock seems impossible to detect
because of incomplete information available. Therefore, no status could be clearly
attributed from the last assessment undertaken with data from Caribbean, Venezuela,
USA and Brazil (CRFM, 2010b). The standardized CPUE indices for the eastern
Caribbean seem to show that the stock is not declining; however this may not be
reflective of the whole Western Central Atlantic stock and precaution is required in
interpreting this data.

Yellowfin tuna in the Atlantic was assessed with data up to 2006 (ICCAT, 2009). The
stock was neither overfished nor subject to overfishing in 2006. However, the yellowfin
tuna in the Atlantic Ocean is treated as a unit stock. The last assessment available for
North Atlantic albacore stock indicates that the stock is likely to be overexploited and
it recommended a reduction in its TAC (ICCAT, 2010). The assessment of the western
stock of skipjack tuna, based on the data up to 2006 (ICCAT, 2009), concludes that the
current catch is unlikely to be higher than the replacement yield, but no clear status was
assigned.

Assessment of the king mackerel fishery in United States waters estimated that
the species was not overfished in the Gulf of Mexico and Atlantic Ocean. However,
uncertainty in stock assessments made it difficult to identify whether overfishing was
occurring (SEDAR, 2009b). In the southern Caribbean, there has not been a significant
change in king mackerel fishing mortality in the last ten years. Yet, it is not known
whether the stock is overfished or not (CRFM, 2007). For Spanish mackerel on the
South Atlantic coast of the U.S. results indicated that overfishing was not occurring,
but there was uncertainty regarding the overfished status of the stock (SEDAR, 2008).

The shrimp trawl fishery in Venezuela (Bolivarian Republic of) has been closed since
March2009. Mendozaer al. (2009) analysed available information on landings of different
taxonomic groups and their nominal fishing effort. This assessment examined the status
of each group by fleet between 1970 and 2008 in eastern Venezuela (Bolivarian Republic
of). They estimated biomass trajectories, MSY and the fishing effort corresponding
to MSY, thus providing retrospective information on the status of different stocks.
Except for the red spotted shrimp (Penaeus brasiliensis), all stocks analysed seemed
to show signs of overfishing in 2008. Signs of slight recovery in abundance were seen
for whitemouth croaker (Micropogonias furnieri), king weakfish (Macrodon ancylodon)
along the Orinoco Delta or the Jamaica weakfish (Cynoscion jamaicensis) on the
Margarita-Sucre platform. However, the authors cautioned the use of the results, owing
to considerations of data limitations and inconsistencies in the measurement of fishing
effort.

In its annual report to the United States Congress, the National Marine Fisheries
Service (NMFS) indicated that several species of snappers and groupers are either
subject to overfishing, overfished or both in the South Atlantic, Gulf of Mexico and
Caribbean regions. Northern red snapper, misty grouper, Nassau grouper, red grouper,
yellowedge grouper, yellowfin grouper and black seabass were indicated as both subject
to overfishing and overfished in the waters of the United States of America. The status
of gag grouper was previously unknown in the United States of America, but evidence
was found that it was subject to overfishing in the South Atlantic and overfished and
subjected to overfishing in the Gulf of Mexico (NMFS, 2011). In Mexico, the red grouper
is overfished and effort reductions have been recommended (SAGARPA, 2010).
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Only general indications are available for some fish stocks or species. For example,
in Mexico, there are insufficient data to assess stock status of various coastal fishes
stocks. However, many species are considered to be deteriorating (SAGARPA, 2010).
Another example is the southern red snapper (Lutjanus purpurens) in French Guiana,
where a large recruitment has been recorded in recent years, along with a large adult
biomass. This may indicate that the stock might be improving, at least in the short
term, but the status is still unknown because no formal assessment has been undertaken
(IFREMER, 2011).

The status of shark stocks does not seem to be dealt with in a systematic way and,
hence, only limited and scattered information is available. The exploitation status of
sharks and rays in Venezuela (Bolivarian Republic of) was analyzed on the basis of
data collected until 2006 (Tavares, 2009). They were found to sustain an important
artisanal fishery along most of the coast and islands of the country. The author
underlined the difficulty of collecting data on sharks at landing sites scattered along
the coast. A total of 97 species (62 shark and 35 ray species) were recorded in the
landings, with a predominance of the genera Mustelus and Rhizoprionodon. In the
islands, the catch composition was dominated by Carcharbinus limbatus, C. perezi and
Ginglymostoma cirratum. In contrast, catches of the industrial fishery were dominated
by Prionace glauca and C. signatus. No stock assessment was carried out owing to the
lack of detailed data and information. Loss of biodiversity and declines in abundance
of several species were described (Tavares and Arocha, 2008), but there were still large
uncertainties regarding the status of these stocks.

In Mexico, some rays (Dasyatis americana, D. sabina, Aetobatus narinari,
Gymnura micrura and Rhinoptera bonasus) are known to be target species. Their
populations were estimated to be exploited at their MSY. However, it was recommended
that there be further increase in fishing effort (SAGARPA, 2010).

Sandbar shark, dusky shark and blacknose shark are subject to overfishing and
overfished, while the shortfin mako is subject to overfishing (NMFS, 2011). Other
species assessed such as finetooth shark, Atlantic sharpnose and bonnethead are neither
overfished nor subject to overfishing, as were blacktip shark stocks in the Gulf of
Mexico (SEDAR, 2006, 2007).

Spiny lobster in the Yucatan and Quintana Roo region, Mexico, was estimated to
be exploited at around MSY. It was recommended that a reliable effort control system
be established to prevent any further increase in fishing mortality (SAGARPA, 2010).
However, in contrast, Chdvez (2009) estimates that lobster populations in southern
Mexico are overexploited.

In the southeast of the United States of America, the latest assessment could not
establish the status of lobster stocks, as the results of the assessment models were
rejected by an external review panel. However, new genetic data suggest that the
southeast United States lobster population is highly dependent on external recruitment
of postlarval lobsters from other spawning stocks throughout the Caribbean (SEDAR,
2010). However, Ehrhardt and Fitchett (2010) estimated that a significant proportion
of recruitment was explained by the Floridian local population. This corroborates the
conclusions of a CRFM working group that underlined that the spiny lobsters do not
migrate over deep water as adults. Hence, there is a strong hypothesis that there are
multiple distinct management units, although they might depend to an unknown extent
on external recruitment (CRFM, 2009a). As a result, separate assessments were carried
out by each Caribbean country.

In Jamaica, an assessment of the spiny lobster stock of Pedro Bank undertaken in
2009 with data until 2007 suggests the stock was not overfished and that current catches
would not result in overfishing (CRFM, 2009a). These results were not conclusive,
because of data limitations and poor reliability of the modelling results. However, a
more recent assessment led to the recommendation that the current effort and catch
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levels be closely monitored, as there is a potential danger for the fishery if the current
levels are maintained (CRFM, 2010a).

In Belize, the lobster stock was assessed to be halfway between fully exploited
and overexploited. The total biomass, spawning biomass and recruitment declined as
a result of high fishing mortality (FAO, 2009a). Very similar results were found for
the lobster stock in Nicaragua (FAO, 2009¢) where fishing mortality was found to be
too high and exploitation rates were not sustainable. An assessment undertaken within
the CRFM for Turks and Caicos islands concluded that overfishing was occurring in
2005 and 2006. The assessment provided baseline information for determining a TAC
(CREM, 2007). An assessment of the spiny lobster fishery in Los Roques Archipelago
in Venezuela (Bolivarian Republic of) with the PARFISH approach (Hoggarth et al.,
2006) indicated that the stock was overexploited, and current biomass in 2008-09 was
estimated at 14 percent of virgin biomass (Manzo, 2009).

The main landed shrimp species in Nicaragua (Penaeus notialis, P. brasiliensis,
Penaeus subtilis and Litopenaeus schmitti) were assessed to be fully exploited in 2008.
A reduction in fishing effort was reported, mainly owing to increasing operating costs
(FAO, 2009b). In Mexico, status differs among species. The brown shrimp (F aztecus)
stock was found to be fully exploited, with fishing effort decreasing and yield increasing.
The red spotted shrimp (E brasiliensis) and the rock shrimp (Sicyoria brevirostris)
show signs of deterioration, as biomass has fluctuated in the last few years, but with a
decreasing trend. The northern pink shrimp (P. duorarum) has suffered from excessive
fishing effort in the past. Other factors affecting the species included illegal fishing,
habitat loss and unfavourable environmental conditions. The combined effect of
these factors has led to the current historical low catches. The stock was considered
as being overexploited and a reduction of fishing effort was recommended. Seabob
(Xiphopenaeus kroyeri) in Mexico seems fully exploited, although no biomass estimate
is currently available (SAGARPA, 2010). In the main fishing countries, Suriname and
Guyana, it appears to be neither overfished nor subject to overfishing (CRFM, 2009b).
In the United States of America, the pink shrimp was classified among the overfished
stocks in the South Atlantic (NMFS, 2011), whereas brown and white shrimps were
found not to be overfished (Nance, 2010).

Blue crab (Callinectes sapidus) sustains an important fishery in west Venezuela
(Bolivarian Republic of) (Lake Maracaibo). Owing to the introduction of longlines in
2002, its landings increased steadily from 5 000 tonnes in 2001 to 10 500 tonnes in 2008.
Andrade de Pasquier et al. (2010) report a decrease in average size and an increase in the
proportion of immature individuals in the catches. This indicates that there is a higher
risk of overfishing caused by the use of longlines. These longlines are less selective than
the pots that were used prior to 2002. On the other hand, recent assessments of the blue
crab fishery in Florida waters indicated that the species was most probably not being
overfished in the period 2002-05 (Murphy, McMillan-Jackson and Mahmoudi, 2007).
Similarly, Callinectes spp. are estimated to be exploited at the MSY level in Mexico
(SAGARPA, 2010).

Asin the previous report period, the queen conch has shown signs of overexploitation
where data are available. This is despite its inclusion in the CITES Appendix II list and
the presence of rebuilding programmes. Several management measures are currently
applied to the species, such as a cap on harvest, minimum legal size limit, and seasonal
and spatial closures. In the United States of America, the queen conch was found to be
subject to overfishing and overfished (NMFS, 2011). In Mexico, the stock was found to
be in a deteriorating state (SAGARPA, 2010), although recovery signs were detected in
protected areas (Cirdenas and Aranda, 2010). In Saint Lucia, an assessment made with
data to 2008 shows that the abundance of the stock continues to decline. The stock is
showing signs of overexploitation and this could lead to a collapse if no management
action is taken (CRFM, 2009b). Recent surveys in the Bahamas indicate that the conch
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fisheries at Andros Island (Stoner and Davis, 2010) and on the Berry Islands bank are
not sustainable (Stoner, Davis and Booker, 2009). In contrast, the stocks of Turks and
Caicos Islands seem to be stable, with an acceptable level of biomass, although recent
hurricanes Hanna and Ike are likely to have caused negative effects on this species
(CRFM, 2010b). In Jamaica, catches of queen conch have decreased in recent years,
as the national TAC (and individual quotas in the industrial fishery) has been reduced
(Aiken er al., 2006). The stock seems to be neither overfished nor subject to overfishing.
However, the lack of data made the results of the assessment not entirely satisfactory.
Information is still badly needed in some regions for reliable assessment of the status
of the stocks and there is significant concern over the continued illegal, unreported and
unregulated (IUU) fishing on Pedro Bank by foreign vessels.

American cupped oyster represents the most important fishery in the Gulf of Mexico
in terms of landings, but is a low-valued species. In Mexico, catches of American
cupped oyster have increased in recent years in Veracruz owing to an increase in fishing
effort, whereas they have been stable in Tabasco. In Tamaulipas and Campeche, catches
have decreased by more than 50 percent owing to unsatisfactory sanitary conditions,
and this has prevented commercialization. Recently installed depuration plants have
helped improve sanitary conditions and enabled the fishery to comply with required
standards. The American cupped oyster is considered to be exploited at MSY in three
provinces (Veracruz, Tabasco and Campeche) and underexploited in the province of
Tamaulipas (SAGARPA, 2010). In the United States of America, historic low catches of
American cupped oyster on the east coast led to an assessment to establish whether the
species should be listed as threatened or endangered under the Endangered Species Act.
However, the review team concluded that the species was not at risk (Eastern Oyster
Biological Review Team, 2007).

In Venezuela (Bolivarian Republic of), no formal assessment exists for the expanding
ark shell fishery, which has recently exceeded 70 000 tonnes. It has become the country’s
most important fishery, but there is concern that these levels of exploitation may not be
sustainable (Mendoza, personal communication).

In relation to octopus species in Mexico, Octopus maya is exploited at its MSY
(SAGARPA, 2010). In contrast, some increases in the landings are believed to be
possible for O. vulgaris, based mainly on the fact that the species is caught down to
36 m, whereas its habitat is likely to extend down to 150 m.

Area 31 includes 10 percent of the world’s coral reefs, which have relatively low
diversity but high endemicity (Burke et al., 2011). Coral cover has been declining for
decades and, since the 1980s, a major cause has been the declining nearshore water
quality. Other factors affecting corals include the impact of diseases affecting many
corals, as well as the long-spined sea urchin (Diadema antillarum). This urchin has an
important ecological role as a herbivore on overfished coral reefs, but disease induced
massive mortalities of D. antillarum in 1983-1984 led to macro-algal blooms in many
reef areas that still persist (Bellwood et al., 2004). The international Year of the Reef and
the 11th International Coral Reef Symposium in 2008 provided the occasion for taking
stock of the status of coral reefs around the world and of major initiatives that have
been undertaken. Because of unusually high temperatures in 2005, the Caribbean was
one of the regions reporting the highest levels of damage to coral reefs, owing to mass
coral bleaching as well as hurricanes in 2005 and 2006 (Wilkinson and Souter, 2008).
Significant loss of hard coral cover from bleaching and disease outbreaks was recorded
in the United States Virgin Islands and Florida, Puerto Rico, Cayman Islands, Sint
Maarten, Saba, Sint Eustatius, Guadeloupe, Martinique, Saint Barthélemy, Barbados,
Jamaica, Cuba, and Trinidad and Tobago. However, reefs at low risk are being still
reported. These are either remote (Wider Caribbean) or well managed (Cuba) and
signs of recovery have been detected in Florida and Jamaica. Nevertheless, the overall
situation is still fragile. The impact of projected climate changes (mainly elevated sea
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surface temperatures, ocean acidification and increased storm intensities) coupled with
continuing harmful human activities such as overfishing, marine construction, sediment
and nutrient pollution are a serious concern for the future of the reefs in Area 31. This
concern led several Caribbean countries (the Bahamas, Dominican Republic, Jamaica,
Grenada, Saint Vincent and the Grenadines) to pledge to conserve 20 percent of their
marine and coastal habitats by 2010. This protection will occur through the Caribbean
Challenge, with the support of the GEF, the Government of Germany, and the Nature
Conservancy (Wilkinson, 2008). As of today, more than 75 percent of the reefs are
considered threatened, with overfishing being one of the most important threats (Burke
et al., 2011).

Information on seagrasses at the regional scale dates back to 2003, with a synthesis
of the distribution and status of seagrass beds (Green and Short, 2003). This assessment
indicated the presence of species, but did not provide details on the actual extent of
seagrass beds. Research based on remotely sensed satellite images was initiated to fill
this gap and has obtained promising results (Wabnitz et al, 2008). However, only
preliminary results at very local scales are available so far.

Mangroves are among the important coastal habitats of ecological relevance to
fisheries resources. Unlike in other parts of the world, the use of mangrove for fuel is
not widespread in the Caribbean. Tourism, aquaculture, urban and coastal developments
have each contributed to damaging the mangrove forests. It has been estimated that
around 413 000ha of mangrove forests have been lost in Central America and the
Caribbean between 1980 and 2000 at a rate of about 1% of total cover per annum
(CARSEA, 2007). However, nature-based tourism (boat trips, birdwatching, sport
fishing) is important enough to provide an economic incentive to protect mangroves
in some areas. Several countries including the United States of America, Mexico and
Cuba are showing considerable interest in mangrove protection (Spalding, Kainuma
and Collins, 2010).

Another important feature in the region regards the spread of invasive species, such
as the Indo-Pacific lionfish (Pterois volitans), which is rapidly spreading throughout
temperate and tropical Western Atlantic and Caribbean habitats. In several locations,
lionfish abundances were described to be increasing quickly in past years (Morris ez al.,
2009). This invasive venomous species is generating concern as it is contributing to a
deep change in the ecosystem, competing with native species and causing a reduction in
the recruitment of native species (Ablins and Hixon, 2008). Lionfish is having negative
effects on coral reefs, and control efforts are under way or under discussion. Studies
are being undertaken throughout Area 31 to monitor the spreading of, and increase the
knowledge on, the species.

Uncertainty about the status of many stocks in Area 31 has remained high, and
the collection and processing of fisheries-related data can be substantially improved.
However, some improvements were noted, as in the case of identification of sharks
in Venezuela (Bolivarian Republic of) or more detailed reporting systems by Mexico.
Compared with previous years, there has been no substantial increase in the number of
assessments available in the region. The information available seems to vary from one
year to the next, as assessments are still not undertaken on an annual basis.

Overall catches have declined since 1984. This is probably at least partly the
result of overfishing. In some cases, it is also probably due to improved responses by
management to overfishing risks, thereby limiting catches. This is despite management
authorities often being slow to act on scientific advice. Although overall productivity
in terms of biomass may be low in the Area, the value and value per capita will probably
make these resources more important in terms of socio-economic contributions at
the local and national level. For example, fish resources supplying local markets for
tourists in the Lesser Antilles and other tourist destinations in the Area fetch high
prices.
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Despite these improvements in fisheries management, a number of species still
suffer from overexploitation. Moreover, coastal habitat destruction through tourism,
pollution and urban development is commonly reported. These factors have led to
overall ecosystem degradation, especially of coral reefs and associated fisheries (Burke
et al., 2011). Yet, these habitats are the basis of small-scale fisheries that have important
economiic, social and cultural roles in Area 31. It should be noted that this review is
based on the species that are predominant in the landings reported by the countries in
the Area. Therefore, it focuses on relatively large-scale fisheries owing to their higher
relative contribution to those landings. Thus, it may not correctly reflect the status of
the species targeted by the artisanal fisheries that dominate the insular Caribbean. Small
countries with relatively low populations usually declare low nominal catches and, thus,
are easily overlooked. This is particularly the case where very limited landing and stock-
status information is available for those countries. However, effort levels in some insular
Caribbean countries show high fishing pressure on near shore ecosystems (Dunn er al.,
2010). In the future, the per capita consumption of fish, as well as trade information
(exports and imports) should be used to identify those countries that deserve additional
attention. Efforts should be concentrated in these countries to improve the quality of
data and information or undertake data collection. Moreover, the analysis of the trends
of the landings should be made taking into account the context of global economy and
in particular the evolution of fuel prices, as they influence directly the level of fishing in
the absence of fuel subsidies for the fisheries sector (Sumaila et al., 2008).
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INTRODUCTION

The Eastern Central Atlantic (Area 34) includes waters off the west coast of Africa, from
the Gibraltar Strait to the mouth of the Congo River (Figure B4.1) and covers a total of
14.2 million km?. The continental shelf along the west African coast is generally narrow,
covering only 0.65 million km? in the entire area. Area 34 encompasses temperate,
tropical and equatorial waters, lagoons and mangroves as well as oceanographic features
such as major currents, upwellings and equatorial convergence. More than 250 species
or groups of species were reported in fisheries landings taken by coastal States and
47 distant-water fishing nations in Area 34 in the period 1950-2009.

The fisheries in Area 34 are diverse, and many of them are typically multispecies,
thus posing additional challenges for assessment and management. The type of fishing
vessels used ranges from small-scale dugout canoes, through larger motorized canoes and
coastal fleets to large industrial fleets of national or distant-water origin. These distant-
water vessels mostly come from Europe and Asia. The catches from national fleets have

FIGURE B4.1
The Eastern Central Atlantic (Area 34)
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gradually increased since the 1950s. In comparison, the distant-water fleet catches have
been fluctuating, based on changes in legal regimes regulations and market forces. In the
late 1980s, changes in Eastern Europe first resulted in the appearance of a number of new
distant-water fishing nations that started operating in Area 34. Subsequently, increased
emphasis placed on market forces and changes in management regimes resulted in a
reduction in the activities of some distant-water fleets that were mainly targeting small
pelagic fishes. Since 1996, fishing effort by EU fleets on small pelagics has increased in the
northwest portion of Area 34. Although there have been some fluctuations, catches have
remained high since that time. Other foreign fleets are also active in Area 34, targeting
small pelagics, large pelagics (tuna), shrimp, cephalopods and demersal fish.

The proportion of catches originating from the artisanal fisheries has varied over
time and also by subregion. Information obtained from various working group reports
of the Fishery Committee for the Eastern Central Atlantic (CECAF) indicate that
in the northern part of Area 34 (north of Guinea-Bissau), the percentage of catches
originating from the artisanal fisheries are lower than the percentage in the southern
part of Area 34.

Despite the variety of fisheries in Area 34, catches are dominated by small pelagics,
especially sardine (Sardina pilchardus) and other clupeids (ISSCAAP Group 35). The
highest catches are taken in the northern part of Area 34. The group accounted for
about 43 percent of total nominal catches in 2009 as compared with just over 50 percent
in 2002 (FAO, 2005). The fleet exploiting these resources includes artisanal canoes,
national coastal and industrial vessels and foreign industrial vessels.

PROFILE OF CATCHES
The total nominal catches reported from Area 34 increased almost twelvefold from
about 300 000 tonnes in 1950 to close to 3.6 million tonnes in 1977. Since then, catches
have oscillated between 2.5 million tonnes in 1979 and the peak of 4.1 million tonnes
recorded in 1990. This variation appears to be due to changes in markets, fishing effort,
and environmentally-induced changes that have affected stock productivity. Catches of
ISSCAAP Group 35 species have shown the largest fluctuations. From 1998 to 2007,
catches showed an overall decreasing trend, followed by an increase in 2008 and 2009.
The catches in 2009 of 3.6 million tonnes equalled that of the average for the period
1998-2009 (Figure B4.2 and Table D4).

The major contributors to catches in Area 34 are the species of ISSCAAP Group 35
(herrings, sardines and anchovies). They account for more than 40 percent of the total

FIGURE B4.2
Annual nominal catches by ISSCAAP species groups in the Eastern Central Atlantic
(Area 34)
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catch reported (Figure B4.2). The landing of this group increased slightly to 1.8 million
tonnes in 2009 compared with 1.5 million tonnes in 2007.

Distant-water fishing fleets, mainly catching
small pelagics and tunas, have made large but
irregular contributions since the early 1970s.
In the late 1960s and in the 1970s, these fleets
dominated the catches. However, the coastal
States steadily developed their national fisheries,
increasing their contribution from 43 to
72 percent of total catches in Area 34 between
1977 and 2002. Since 2003, coastal States have
contributed between 75 and 80 percent of the
catches (Figure B4.3).

Four species categories account for more
than 80 percent of the catches in ISSCAAP
Group 35 (herrings, sardines, anchovies,
etc.). The European pilchard, also known
as sardine (Sardina pilchardus), makes the
largest contribution followed by the round
sardinella (Sardinella aurita), the bonga shad
(Ethmalosa fimbriata), the European anchovy
(Engraulis encrasicolus) and the flat sardinella
(Sardinella maderensis). Sardinella spp. also
account for a sizeable portion of the group
total (Figure B4.4).

Trachurus spp. are the dominant species
group in ISSCAAP Group 37 (miscellaneous
pelagic fishes) (Figure B4.5). Their catches
increased sharply in the late 1960s, remained
high throughout most of the 1970s, but declined
through most of the 1980s and 1990s. Since the
late 1990s the catches of this species group have
been fluctuating widely, with an average of
about 240 000 tonnes for the period 2000-09.

The main Trachurus species in Area 34 are the
Atlantic horse mackerel (Trachurus trachurus),
found mainly to the very north of Area 34,
and the Cunene horse mackerel (Trachurus
trecae), found along the coast in the tropical
and subtropical regions. Few countries report
to species level and most catches are reported at
higher levels (Figure B4.5 and Table D4). Large
catches of another important species, Chub
mackerel (Scomber japonicus), were made in
two exceptional years in 1988-89. This period
was followed by a collapse of the catches in
1993, a recovery in 1997 and fluctuations since
then, with an average of about 190 000 tonnes
for the period 2000-09. Catches in 2009 were
about 180 000 tonnes, slightly lower than the
average for the last decade.

The catches from ISSCAAP Group 36 (tunas,
bonitos, billfishes, etc.) show similar trends with
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FIGURE B4.6
Annual nominal catches of selected species in
ISSCAAP Group 36, Eastern Central Atlantic (Area 34)
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time for the main species (Figure B4.6). The two
main species are skipjack (Katsuwonus pelamis)
and yellowfin tuna (Thunnusalbacares). Catches
of skipjack generally surpassed yellowfin tuna
catches from 1991 onwards, with the exception
of 2002 when yellowfin catches were slightly
higher. The 2009 catches of these species
were 125 000 tonnes for skipjack and about
95 000 tonnes for yellowfin. Catches of bigeye
tuna have been about 40 000 tonnes since 2002.

Senegalese hake (Merluccius senegalensis)
has been the major contributor to ISSCAAP
Group 32 (cods, hakes, haddocks), with catches
above 100 000 tonnes in the 1970s. Catch
decreased to about 20 000 tonnes in the 1980s
and remaining relatively steady at this lower
level of catches until 2001, after which the
catches declined (FAO/CECAF, forthcoming
a, forthcoming b). With the exception of
2009, catches of European hake (Merluccius
merluccius) have exceeded the catches of
Senegalese hake since 2002 (Figure B4.7).

Figure B4.8 shows the main species catches
in ISSCAAP Group 45 (shrimp and prawns).
Southern pink shrimp (Penaeus notialis)
catches started to become significant in the
1960s showing a general increasing trend, with
oscillations, reaching a peak of 33 000 tonnes in
1999.

This was followed by a continued decline
until 2004 and catches have remained at about
13 000-14 000 tonnes ever since. Catches of
non-identified Penaeus shrimps have been
about 3 000-5 000 tonnes since 2004. The deep-
water rose shrimp (Parapenaeus longirostris)
fishery started in 1972 and catches have been
variable since then, with a high of 19 000 tonnes
in 1978. The most recent peak was observed in
1998, when deepwater rose shrimp catches of
12 000 tonnes were reported from the region.
Catches then decreased to 6 000 tonnes in 2000
and further to 1 500 tonnes in 2004. Since then
catches have remained low and, in 2009, catches
of 500 tonnes were reported to FAO.

Figure B4.9 shows the reported catches
from ISSCAAP Group 57 (squids, cuttlefishes,
octopuses).

The octopus (Octopus wvulgaris) fishery
in the region dates back to the 1950s. Catch
reporting of this species started in 1962 to reach

93 000 tonnes in 1975, but catches have since regularly decreased to reach 9 000 tonnes
in 2002 and 8 000 tonnes in 2009. However, the observed decrease in catch of the
common octopus is not necessarily an indication of non-availability but could also be
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related to how it is reported in the catches. The
group “Octopuses NEI” has shown a generally FIGURE B4.9
increasing trend, albeit with large interannual
fluctuations up to 1993. From 1993 to 1998,
catches in this category decreased followed by a 160-
record high recorded in 1999 of 150 000 tonnes. 140 — Octopuses, etc, NEl
Catches dropped after this to 36 000 tonnes 1201 Squids

in 2004 before increasing to 74 000 tonnes in

2009.

Catches of cuttlefish have fluctuated with
an average of 46 000 tonnes from 1986 to 2004.
After 2004 (the peak of the series), catches
decreased until 2007 reaching 25 000 tonnes
in 2008. Catches in 2009 were 33 000 tonnes. 201
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8 000 tonnes compared with 23 000 tonnes for
the period 1990-99.

RESOURCE STATUS AND FISHERY MANAGEMENT

This review of the status of stocks is principally based on the results of assessments of the
state of the major fisheries resources undertaken by the working groups of the CECAF
between 2008 and 2011. The working groups assessed the state of the major fisheries
resources in the region in 2008-2011. These assessments and the recommendations of
the Scientific Sub-Committee of the CECAF (Accra, Ghana, 7-9 September 2011) form
the basis of this section. The status of commercial species is shown in Table D4.

Fisheries are important in the CECAF region as sources of food and income, and as
such support livelihoods at different levels. Most of the commercially important stocks
in the region are classified as being fully exploited or overexploited, with few stocks
considered non-fully exploited. In general, the situation has been more severe for the
valuable demersal species, with a larger number of overexploited stocks compared with
the pelagic species. Pelagic species have in general been considered fully exploited,
although some important stocks have been classified as overexploited in recent
assessments (e.g. round sardinella in Northwest Africa and in the Gulf of Guinea). It is
noteworthy that some of the deepwater shrimp stocks in the northern part of Area 34
seem to have improved and are now considered non-fully exploited.

Many of the countries in the region do not have well-developed management
systems in place. Only a few countries have management plans or regular scientific
monitoring of the main resources. Research capacity to evaluate the state of stocks
and their exploitation is also not always well developed. There are varying underlying
causes for this, including human, institutional and financial capacity issues. Many of
the main fishery resources in the region are shared among countries, posing additional
challenges for the management of the fisheries exploiting these resources. Difficulties
in MCS occur throughout the region. Illegal, unreported and unregulated fishing is a
common phenomenon in Area 34. Nevertheless, there are several regional and national
initiatives currently ongoing that are aiming to assist countries in addressing some of
these key challenges for fisheries management.

Northern areas
Many of the commercially important demersal resources of Northwest Africa are
heavily exploited.

With regard to finfish, hake (Merluccius merluccius) on the Moroccan continental shelf
are considered overexploited. Of the other finfish resources assessed, the stock of white
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grouper (Epinephelus aeneus) was found to be at particular risk, and immediate action is
needed (FAO/CECAF, forthcoming a, forthcoming b). The stocks of other important
finfish species, such as the red pandora (Pagellus bellottir), axillary seabream (Pagellus
acarne) and blue-spotted seabream (Pagrus caeruleostictus), are also overexploited, but
not as seriously overexploited as the white grouper.

Three stocks of common octopus (Octopus vulgaris) are exploited by the Northwest
African cephalopod fisheries, namely Dakhla, Cap Blanc and Senegal and Gambia
stocks. All three are considered overexploited, with recent catches about 43 000 tonnes
for the Dahkla stock, 32 000 tonnes for the Cap Blanc stock and 6 500 tonnes for
the Senegal and Gambia stock (FAO/CECAEF, forthcoming b). The Dakhla stock is
currently managed under a management plan based on a combination of a seasonally
determined TAC regime and several other measures aiming at reducing fishing pressure
(fishing licences, closed seasons and minimum size). For the Cap Blanc stock, the main
management measures include: closed seasons (September-October and two months in
spring), freeze on licences, and minimum mesh and size restrictions as well as no-trawl
zones in shallow waters less than 20 m deep (general restriction).

The exploitation of other species of cephalopods, such as squids (Loligo vulgaris)
and cuttlefish (Sepia officinalis), is less intense compared with that of octopus, and their
catches accounted for 33 percent of the cephalopods landed in 2008 (FAO/CECAE,
forthcoming b). Management measures taken in the Moroccan EEZ, and applied to all
demersal fisheries, include a two-month closed season and a reduction in the number
of non-Moroccan vessels operating in the region. In Mauritania, since 2002, two closed
seasons are in place for a total duration of four months, two months in spring and two
months in autumn.

The 2008 catches of deep-water rose shrimp and shallow-water southern pink Shrimp
(Penaeus notialis) in the northern CECAF area were about 17 000 tonnes (data from
the 2010 Working Group on Demersal Stocks). The stocks of deep-water rose shrimp
in Morocco and the shallow-water shrimp in Mauritania, Senegal and the Gambia are
overexploited. However, the latest assessment has indicated an improvement in the
status of the deep-water rose shrimp in the Gambia, Mauritania and Senegal. These
stocks are now considered non-fully exploited (FAO/CECAF, 2011b).

The biomasses of the large stocks of small pelagics in the northern CECAF area —
sardine (Sardina pilchardus), sardinella (Sardinella anrita and Sardinella maderensis),
chub mackerel (Scomber japonicus) and horse mackerel (Trachurus spp.) — are highly
variable as they are strongly influenced by environmental fluctuations. From 1995 to
2006 these stocks were regularly monitored by acoustic surveys carried out by the
Norwegian research vessel Dr. Fridtjof Nansen. Since then, the responsibility for the
regional monitoring of these stocks has been with the national research institutions
using their national research vessels. However, in recent years, only the research vessels
of Mauritania and Morocco have been able to keep up the monitoring work. This has
meant that estimates have had to be made for the size of the populations in the southern
region (FAO, 2011a, 2011b).

The sardine (S. pilchardus) biomass estimated by acoustic methods increased over
the years 1997-2005 from a level of about 1.0 million tonnes to a record high biomass
of about 8.0 million tonnes in 2005, before dropping to 3.6 million tonnes in 2006. Since
then, biomass estimates have been between 4.4 and 5.9 million tonnes (FAQO, 2011b).
For Sardinella aurita, an overall general decreasing trend in the acoustic estimates
from 2.1 million tonnes in 1999 to about 1.0 million tonnes in 2007 was observed.
Estimates had to be made for the southern part of the Sardinella distribution for the
two subsequent years (2008, 2009). These years resulted in the largest biomass estimates
of 2.0 million tonnes in 2008 and 2.9 million tonnes in 2009. Despite this trend, this
stock is considered overexploited, considering other information from the fishery. The
estimated biomass of S. maderensis fluctuated with an average of 1.2 million tonnes for
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the period 1995 to 2002. Since then, the biomass increased to 2.5 million tonnes in 2004
and then fluctuated between 0.6 million tonnes and 2008 to 2.5 million tonnes in 2006.
In 2009, the estimated biomass of S. maderensis was 1.7 million tonnes. Of the other
species, the biomass estimated by acoustic surveys for mackerel, horse mackerel and
other small pelagics in the region between Morocco and Senegal was about 5 million
tonnes in the November-December surveys carried out between 1995 and 2009 (FAO,
2011b).

The Working Group on the Assessment of Small Pelagic Fish off Northwest Africa
has been meeting on an annual basis since 2001. The latest working group recommended
that the combined catch of small pelagics in Northwest Africa should not be increased
above the average of the last five years, excluding the sardine in Zone C (Sardina
pilchardus) (FAO, 2011b). The different species groups of sardinella, horse mackerels
and mackerels are intensively exploited and some species are considered overexploited
(FAO, 2011¢).

Around Cape Verde, the national fleet has landed an annual average of 8 870 tonnes of
all marine species for the last five years (2005-09). In the same period, the international
fleethas reported a meanannual catch of 5000 tonnes (Tariche, personal communications,
2011). The artisanal landings represented an average of 49 percent of the national catch.
The most important fisheries are those for pelagic fishes, with a mean estimated catch
of 4 400 tonnes (49 percent of the total), and those for tunas and tuna-like species, with
a mean estimated catch of 2 800 tonnes (31 percent of the total).

The coastal spiny lobsters (Panulirus regius, P. echinatus and Scyllarides lattus) as well
as pink (deep-water) lobster (Palinurus charlestoni) are considered to be overexploited,
and a freeze of fishing effort has been recommended. With the exception of the deep-
water shrimp Plesionika edwardsii, there are no recent assessments of the state of the
fishery resources in Cape Verde. Carvalho, Morais and Nascimento (1999) provide an
overview of assessments carried out in the 1990s. An assessment carried out by the
CECAF in 2005 indicated that the stock of African hind (Cephalopholis taeniops) was
fully exploited.

Southern areas

In general, multispecies fisheries are common in the southern CECAF area (south of
Senegal). Artisanal fisheries are important, although differences in types of fisheries and
target species are observed along the coast.

The continental shelf is characterized by coastal fish assemblages with a range
of species groups including croakers, various grunts (including the big-eye grunt,
Brachydeuterus auritus), catfishes, groupers and snappers. On the outer shelf, there are
several seabreams including Dentex species and other species of the slope community.
Of the species assessed by regional working groups, croakers (Psexdotolithus spp.)
contributed about 26 percent of the catches in 2006 (data from FAO/CECAF Demersal
South Working Group 2008).

Shrimps are also important throughout the southern region, principally in the
nutrient-rich estuarine and inshore areas. The white shrimp resources off Nigeria
and Cameroon are fished exclusively by artisanal fisheries, while the southern pink
shrimp are exploited by different types of fleets. In Guinea, Guinea-Bissau and Ghana
important catches of cephalopods (mainly cuttlefish) are also reported.

Trawl surveys carried out on the Western Gulf of Guinea continental shelf by the
Dr. Fridtjof Nansen have shown that the estimated biomass of demersal resources
varied between 1999 and 2006. For the surveys since 2002, the estimated biomass for
the valuable demersal resources varied between 25 000 tonnes and 35 000 tonnes, with
the 2006 biomass estimate being somewhat lower than that of 2005 (Mehl, Olsen and
Bannerman, 2006). These demersal resources were found to be either fully exploited
or overexploited (based on data from the 2010 Working Group on Demersal Stocks).
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Owing to inconsistencies in the input data, the CECAF Demersal Working Group 2008
recommended that a precautionary approach that avoided any increase in fishing effort
should be adopted for all the demersal species in the region south of Guinea-Bissau. The
exploitation rate applied to cuttlefish stocks in Guinea and Ghana has been increasing
since the 1990s and the stocks were considered to be overexploited (FAO/CECAEF,
forthcoming c¢).

Small pelagic species are found throughout the region, but are particularly abundant
in the coastal upwelling areas, such as off Céte d’Ivoire and Ghana, further south off
Gabon, the Congo, the Democratic Republic of Congo and extending down to Angola.
Small pelagic resources are exploited mainly by artisanal and semi-industrial purse
seine in Cote d’Ivoire, Ghana, Togo and Benin. In Nigeria and Cameroon, they are
caught exclusively by small-scale fisheries and by the industrial and artisanal fisheries
in Gabon, the Republic of Congo and Angola.

In the Western Gulf of Guinea (Cote d’Ivoire, Ghana, Togo and Benin), small
pelagic species such as Sardinella species, mackerels and anchovies are important, but
their catches vary widely. This further complicates the management of the fisheries
exploiting them. The most recent assessments show that the round sardinella
(Sardinella aurita) is considered overexploited in this subregion, whereas the flat
sardinella (Sardinella maderensis) is considered fully exploited. Sardinella species in the
southern part (Gabon, the Congo, the Democratic Republic of Congo, and Angola) is
considered non-fully exploited, whereas in the northern part (Guinea-Bissau, Guinea,
Sierra Leone and Liberia) this species group is considered fully exploited. Anchovy
(Engraulis encrasicolus) is particularly important in the Western Gulf of Guinea and
in the southern region, and, in general, anchovy is considered fully exploited. Bonga
(Ethmalosa fimbriata) is very important throughout the southern region of the CECAF
and is considered fully exploited, with a mean harvest level of 230 000 tonnes in 2007
(FAO/CECATF, forthcoming c).

Acoustic survey abundance estimates of pelagic species exist from 1999 to 2009.
However, the data series are of varying length depending on subregion. In the case
of anchovy, the time series for the Western Gulf of Guinea shows fluctuations with a
generally decreasing trend for the last three years of the series (2004-06). The biomass of
the two Sardinella species combined also fluctuates, but to a lesser extent. The biomass
of Sardinella species was estimated at about 120 000 tonnes in 2006, showing an increase
from 2005 (Mehl, Olsen and Bannerman, 2006; FAO/CECAF, forthcoming d).
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INTRODUCTION

The Mediterranean and Black Seas (Figure B5.1) are semi-enclosed seas with a surface
of about 3.3 million km?, which represents 0.8 percent of the total world marine surface.
These seas are located within a relatively narrow range of latitudes (from 30°N to 46°N)
in the temperate zone of the Northern Hemisphere.

The continental shelf throughout Area 37 is mostly a narrow coastal fringe with the
exceptions of the Adriatic Sea, Gulf of Gabes, northern Black Sea, south of Sicily, Gulf
of Lions and the Nile Delta and represents only 23 percent of the total area.

The Mediterranean Sea water masses are stratified in summer, but the temperature
of the water masses below 400 m is very stable at 13 + 0.3 °C throughout the year. The
Mediterranean has a negative water budget — the loss of water through evaporation is
greater than the inputs from rain and river runoff. Hence, the contribution of about
1 700 km?/year of Atlantic water through the Strait of Gibraltar balances these losses
(Bas Peired, 2005). The Mediterranean is globally considered as an oligotrophic sea
(Margalef, 1985), and the gradual decline in nutrient content as the water moves from
west to east leads to an overall reduction in productivity. Despite this, there are local
exceptions owing to incoming nutrients from rivers and from the Black Sea.

FIGURE B5.1
The Mediterranean and Black Seas (Area 37)
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The continental shelves of the Black Sea are widest in the northwest and southwest
regions, and do not exceed 20 km in the remaining parts of the sea. The Black Sea
is linked to the Mediterranean through the Turkish Straits System (the Bosphorus,
Dardanelles Straits and the Sea of Marmara). Europe’s second, third and fourth rivers
(the Danube, Dnieper and Don Rivers) all flow to the Black Sea, pouring 350 km’/year
of river water into the Black Sea. This large amount of freshwater tends to stay at the
surface, mixing little with the remaining water of the sea and causing a very marked
stratification of the water column. Only the top 10 percent of the Black Sea is able to
support aerobic organisms. The water mass below 150-200 m is devoid of dissolved
oxygen and contaminated with hydrogen sulphide. The Black Sea has a positive water
balance, and the outflow through the upper layer of the Bosphorus (612 km?/year)
is about twice as large as the inflow (312 km?/year), that comes through the bottom
(Unliiata et al., 1990).

The Azov Sea in the northwest part of the Black Sea is the shallowest sea in the
world with an average depth of 7 m. Because of the large inflow of freshwater, it has a
comparatively low salinity (about 10-12 psu) in the open sea. Salinity is reduced even
further in the inner areas to the east of the sea where it is almost freshwater.

Mediterranean fisheries are dominated by small-scale vessels, dispersed across a
large number of landing places in most countries. Four main types of fisheries can be
identified: (i) the industrial fishery for large pelagic fish, such as tunas and swordfish,
that is carried out by a number of highly sophisticated and powerful vessels using
purse seines and longlines; (ii) a fishery for small pelagic fish, targeting mostly anchovy,
sardine and sprat, undertaken mostly by small to medium-sized purse seiners and
pelagic trawlers; (iii) a multispecies demersal fishery, carried out by a multitude of
small to medium-sized vessels that use a variety of gear types including trammel nets,
gillnets, traps, pots, handlines, longlines and bottom trawls; and (iv) a fishery for deep-
sea crustaceans (mostly deep-sea shrimps and Norway lobster) and fish (mostly hake),
with a fleet of small to medium-sized bottom trawlers.

Small pelagic fish, mostly European anchovy (Engraulis encrasicolus), European
pilchard (Sardina pilchardus), and sprat (European sprat [Sprattus sprattus] and Black
and Caspian sea sprat [Clupeonella cultriventris]) make up 50-60 percent of total
declared catch. The species classified as demersal represent about 30 percent of total
reported catches in the Mediterranean and Black Sea. The most important of these are
hake (Merluccius merluccius), red mullets (Mullus spp.), blue whiting (Micromesistius
poutasson), whiting (Merlangius merlangus), anglerfishes (Lophius spp.), pandoras
(Pagellus spp.), bogue (Boops boops), picarels (Spicara spp.) striped venus (Chamelea
gallina), octopus (Octopus spp.), cuttlefish (Sepia officinalis), red shrimps (Aristens
antennatus and Aristaeomorpha foliacea), Norway lobster (Nephrops norvegicus) and
deep-water rose shrimp (Parapenaeus longirostris).

PROFILE OF CATCHES

Total declared catches in Area 37 showed a steady increase from about 0.7 million
tonnes in 1950 to about 2 million tonnes in the period 1982-88 (Figure B5.2; Table D5).
They then suddenly declined to about 1.3 million tonnes following the collapse of the
Black Sea fishery for sprat and anchovy (Figure B5.3), and have since recovered slightly
to about 1.5 million tonnes. Total nominal catches have been fluctuating around this
level since 1992.

The declared catches of species other than small pelagics increased steadily until they
reached a maximum of about 700 000 tonnes in the mid-1980s. Since then, catches have
declined, but with some fluctuations. The decline in catches in the last five years is a
general featurefor these species. The small pelagic fish showadifferent pattern,dominated
by events in the Black Sea (Figure B5.3). After a sharp increase from 700 000 tonnes to
1.3 million tonnes in six years, they fluctuated around this level from 1983 to 1988 then
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FIGURE B5.2
Total annual nominal catches from the Mediterranean and Black Seas from 1950 to 2009,
grouped by major ISSCAAP groups
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fell sharply to less than 620 000 tonnes in 1991.
They recovered to more than 950 000 tonnes in
1995 and have fluctuated between 800 000 and
1 million tonnes since 1999.

Among small pelagic fish, anchovy (Engraulis
encrasicolus) are the most important species
landed, with about 50 percent of total, followed
by sardine (Sardina pilchardus), with about
25 percent. The other important small pelagic fish
species caught in the region are European sprat
(Sprattus sprattus), Black and Caspian Sea sprat
(Clupeonella cultrivensis, especially important
in the Azov Sea), jack and horse mackerels
(Trachurus spp.), sardinella (Sardinella aurita)
and chub mackerel (Scomber japonicus).

The large increase in catches of European
anchovy until the mid-1980s was probably
mainly due to the steady increase in fishing
effort. However, it may also have been partly a
response to the increasing eutrophication of the
Black Sea in this period (Ludwig er al., 2009).
The collapse of the small pelagic fish fisheries
in the Black Sea around 1990 has been linked
to the outbreak of the ctenophore Mnemiopsis
leidyi (Oguz, Fach and Salihoglu, 2008) as it
added to the existing heavy fishing pressure.
These fisheries have subsequently recovered,
but catches have not reached the levels of the
1980s. This may be partly due to the decrease
in nutrient input that was a result of both the
successful control of fertilizer runoff by the
riverine nations and the profound economic
changes in the river catchments (Ludwig ez 4l.,
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Annual nominal catches of selected species in
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2009). Nominal catches of jack and horse mackerels show a pattern similar to other
species in the region (Figure B5.4). The catches fluctuated around 50 000 tonnes until
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FIGURE B5.5
Annual nominal catches of selected species in
ISSCAAP Groups 33 and 37
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Annual nominal catches of selected species in
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1975, when catches increased rapidly until they
reached 200 000 tonnes in 1985, before then
declining equally rapidly to the previous level.

Reported  catches of grey mullets
(Mugillidae) tripled from 1988 to 2000, only to
return to close to the previous values by 2008
(Figure B5.5). However, those of silversides
(Atherinidae) have been relatively stable,
despite a temporary increase between 1985
and 1995. The nominal catches of dolphinfish
(Coryphaena hippurus) have always been
at very low levels, but started increasing
appreciably at the beginning of the 2000s and
are currently at the highest level recorded. This
increasing trend in catch has probably mainly
been the result of increased fishing effort by
some countries sharing the stock.

The declared catches of most demersal and
semi-pelagic fish and crustaceans increased
steadily until the period between the 1980s and
the end of the 1990s. This has been followed by
declines in several species in the last few years.

One of the main target species in the
Mediterranean is European hake (Merluccius
merluccius). Nominal catches of European
hake increased steadily until the mid-1990s.
However, after reaching their maximum
(52 000 tonnes), they declined abruptly, to
levels that were less than half of the maximum
(about 21 000 tonnes) by 2003. Catches later
recovered to levels close to those recorded in
the early 1980s (Figure B5.6).

Nominal catches of red and striped mullets
(Mullus barbatus and M. surmuletus) increased
regularly from the 1950s until the mid-1990s.
Their catches showed a small decline in the
following decade before recovering to close to
the maximum. The fishery begins on age group 0,
and in many regions the small individuals
(caught mostly in summer and early autumn) are
considered a delicacy, fetching higher prices than
the adults (Tserpes et al., 2002; Bas Peired, 2005).

Sparids and seabreams are heavily exploited
across the whole region (Bas Peired, 2005). Their
catches have shown a similar pattern to that of
other demersal species. There was a regular
increase until the mid-1990s, followed by a
marked fall the following decade, and a partial
recovery in the last 5-8 years (Figure B5.7).

Cephalopods are important catches from

trawl fisheries and there are also directed fisheries in some regions especially with smaller
vessels (Bas Peired, 2005). Catches of octopus and squid (Figure B5.8) reached a maximum
at the end of the 1980s, followed by a more or less steady decline until 2009. The catches
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of cuttlefish, however, show a different pattern
as they have been about 10 000 tonnes/year since
the peak of the late 1980s.

The onset of deep-water trawling off the
slope areas of the Mediterranean in the mid-
1980s appears to explain the sharp rise in catches
of deep-water rose shrimp and aristaeidae
shrimp (Figure B5.9). The decrease in catches
of rose shrimp observed in the mid-1990s is
most probably the result of overexploitation
of the main fishing grounds (GFCM, 2011a).
Its recovery in the last three years is probably
associated with a period of good recruitment.
The declared catches of Norway lobster follow
a similar pattern, albeit less pronounced.

The main large pelagic fishes commercially
exploited in the Mediterranean, bluefin tuna
(Thunnus thynnus) and swordfish (Xiphias
gladius), are accompanied by albacore (Thunnus
alalunga) and Atlantic bonito (Sarda sarda).
Although they represent only about 4 percent
of total catches, their economic value is far
greater. These tuna and tuna-like stocks, whose
distribution extends beyond the Mediterranean,
are dealt with in detail in Chapter C1.

Nominal catches of bluefin tuna increased
from the mid-1960s to reach almost 40 000 tonnes
in the mid-1990s. They then dropped to below
25 000 tonnes and fluctuated around that level
until 2008, when they dropped again to below
15 000 tonnes (Figure B5.10). It is possible that
these declared catches do not include all those
caught, especially in the last decade. This is
because of the marked expansion of the farming
of wild-caught fishes that are reported as part of
aquaculture production instead.

RESOURCE STATUS AND FISHERY
MANAGEMENT

The status of fish stocks and fisheries in the
Mediterranean and the Black Sea are shown in
Table D5. They are assessed and managed at
several levels in Area 37. Some smaller inshore
fisheries are managed at the national level.
However, regional fisheries are managed within the
framework of the General Fisheries Commission
for the Mediterranean (GFCM), the RFMO in
charge of the Mediterranean and the Black Sea, and
by the EU. The exceptions to this management
arrangement are mostly the tunas and tuna-like
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Annual nominal catches of selected species in
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species. These species are managed within the framework of the ICCAT. For statistical
reporting and management purposes, the GFCM breaks the Mediterranean and the Black
Sea down into 30 different regions, called Geographical Subareas (GSAs) (Figure B5.11).
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FIGURE B5.11
Definition of the GFCM Geographical Sub-Areas (GSAs)
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Notes: 01 Northern Alboran Sea; 02 Alboran Island; 03 Southern Alboran Sea; 04 Algeria; 05 Balearic Islands; 06 Northern
Spain; 07 Gulf of Lions; 08 Corsica Island; 09 Ligurian and North Tyrrhenian Sea; 10 South Tyrrhenian Sea; 11.1 Sardinia (west);
11.2 Sardinia (east); 12 Northern Tunisia; 13 Gulf of Hammamet; 14 Gulf of Gabes; 15 Malta Island; 16 South of Sicily; 17 Northern
Adriatic Sea; 18 Southern Adriatic Sea; 19 Western lonian Sea; 20 Eastern lonian Sea; 21 Southern lonian Sea; 22 Aegean Sea;
23 Crete Island; 24 North Levant; 25 Cyprus Island; 26 South Levant; 27 Levant; 28 Marmara Sea; 29 Black Sea; 30 Azov Sea.

In the most recent two sessions of the GFCM Sub-committee on Stock Assessment
(GFCM, 2010, 2011b) and of the Mediterranean Subgroup of the EU’s Scientific and
Technical Committee for Fisheries-SGMED (Cardinale et al., 2009; Cardinale et al.,
2010), a total of 59 stocks from 13 of the most exploited species were formally assessed
mostly with analytical models. The quality of these assessments was reviewed through
the formal process of the GFCM’s Scientific Advisory Committee (SAC) or the EU’s
Scientific, Technical and Economic Committee for Fisheries (STECF) (Table B5.1).

The majority (78 percent) of the stocks assessed in the region in 2009 and 2010 were
considered to be overexploited, with 22 percent fully exploited or non-fully exploited.
The situation differed between demersal and small pelagic fish. Practically all demersal
fish and crustaceans stocks assessed were classified as overexploited. In contrast, almost
70 percent of the small pelagic fish stocks were classified as fully exploited or non-fully
exploited (Table B5.1). Given the high intensity of fishing practised across the whole
region, it is reasonable to assume that this is also the general situation for most of the non-
assessed fish stocks. The exceptions are possibly the stocks off some less-fished regions in
the Mediterranean, such as off the southeast coast and the deep waters in the east.

Demersal resources

European bake

This is the most widely assessed species in the Mediterranean. Until the mid-1990s, high
estimated juvenile mortality rates did not cause an obvious decline in recruitment. At
the same time, catches were also increasing in both the east and west Mediterranean
(Fiorentini, Caddy and de Leiva, 1997). It was suggested that this was because of the
population of adult spawners surviving in some less exploited regions, the so-called
spawning refugia (Caddy, 1990). However, after reaching their maximum (52 000 tonnes)
in 1995, reported catches declined abruptly, to reach levels less than half of this maximum
(about 21 000 tonnes) by 2003, recovering later to levels close to those of the early 1980s
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TABLE B5.1

Summary of the exploitation status of the species assessed by the SAC-GFCM or the SGMED-STECF in the

period 2009-2010

Stock status
Species - - - Management recommendations
Non-fully exploited  Fully exploited  Overexploited Total
Merluccius merluccius 0 (0%) 0 (0%) 11 (100%) 11 Reduce fishing mortality; reduce
% small individuals in catch
Reduce % spawners in catch
Mullus barbatus 0 (0%) 0 (0%) 10 (100%) 10 Reduce fishing mortality; reduce
% small individuals in catch
Mullus surmuletus 0 (0%) 1 (33%) 2 (67%) 3 Do not increase fishing mortality
Reduce fishing mortality; reduce
% small individuals in catch
Pagellus bogaraveo 0 (0%) 0 (0%) 2 (100%) Reduce fishing mortality;
Pagellus erythrinus 0 (0%) 0 (0%) 2 (100%) Reduce fishing mortality; reduce
% small individuals in catch
Boops boops 0 (0%) 0 (0%) 2 (100%) 2 Reduce fishing mortality; reduce
% small fish in catch
Solea solea 0 (0%) 0 (0%) 2 (100%) 2 Reduce fishing mortality; reduce
% small individuals in catch
Parapenaeus 0 (0%) 1(17%) 5 (83%) 6 Do not increase fishing mortality
longirostris Reduce fishing mortality; reduce
% small individuals in catch
Nephrops norvegicus 0 (0%) 0 (0%) 3 (100%) 3 Reduce fishing mortality; reduce
% small individuals in catch
Aristeus antennatus 0 (0%) 0 (0%) 1(100%) 1 Reduce fishing mortality; reduce
% small individuals in catch
Aristaeomorpha 0 (0%) 0 (0%) 1 (100%) 1 Reduce fishing mortality; reduce
foliacea % small individuals in catch
Engraulis encrasicolus 2 (25%) 3 (37.5%) 3 (37.5%) 8 Do not increase fishing mortality
Reduce fishing mortality; reduce
% small individuals in catch
Sardina pilchardus 2 (25%) 4 (50%) 2 (25%) 8 Do not increase fishing mortality
Reduce fishing mortality; reduce
% small individuals in catch
Reduce % spawners in catch
Total 4 (7%) 9 (15%) 46 (78%) 59

Notes: Number of stocks classified under each category. In parenthesis: the percentage that each category represents of all stocks of

that species assessed.

(Figure B5.6). The decline was associated with the systematic introduction of deep
bottom gear (longlines and gillnets) that targeted the largest and most valuable fish (e.g.
AdriaMed, 2005). The most recent stock assessment Working Groups (GFCM, 2011a;
Cardinale er al., 2010) assessed the status of the stocks of this species in 11 GSAs. They
concluded that all these stocks were being overexploited, with decreasing biomass and
recruitment trends in many of these GSAs. The assessments recommended that both
overall fishing mortality and the percentage of small fish in the catch should be reduced.
This latter measure can be achieved through temporal closures of the nursery areas or gear
modifications. Nevertheless, the importance of protecting a part of the adult spawning
population has been identified several times as a way of improving the likelihood of
sufficient recruitment to the population (e.g. Caddy, 1990; GFCM, 2011a).

Red (Mullus barbatus) and striped (Mullus surmuletus) mullets

During the latest meetings of the stock assessment Working Groups, the stocks of
red mullet in 10 GSAs and of striped mullet in 3 GSAs were assessed (GFCM 2011a;
Cardinale et al., 2010). All stocks were considered to be suffering overexploitation,
with the exception of striped mullet in Malta Island, which was diagnosed as under
full exploitation. The Working Group recommended a reduction in the overall fishing
pressure and in the percentage of juveniles in the catches. It also recommended pursuing
these reductions through changes to the gear or the protection of nursery areas.
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Sparids, seabreams and pandoras

Sparids and seabreams play an important role in Mediterranean demersal fisheries and
are generally heavily exploited. Analysis of data for Sparus aurata in the Gulf of Lions
(Farrugio and Le Corre, 1994) suggested that it was fished above Fysy, and it is unlikely
that this situation has improved. Pandora (Pagellus spp.) and groupers appear to be
some of the demersal species least resistant to heavy exploitation, and catch rates have
declined in a number of regions. Pandora stocks have been heavily overfished in Greek
waters (Papaconstantinou, Mytilineou and Panos, 1988), and probably also in Cyprus.
Other species overexploited in this region include bogue (Boops boops) and red mullet
stocks (Hadjistephanou, 1992). In contrast, picarels (Spicara spp.) are considered to be
exploited close to MSY. The stock of common pandora (Pagellus erythrinus) in GFCM
GSA 09 (Ligurian and North Tyrrhenian seas) was assessed as overexploited by the
SGMED WG in 2010 (Cardinale er al., 2010). The stocks of blackspot seabream (Pagellus
bogaraveo) in the Alboran Sea were assessed by a joint Moroccan-Spanish working
group within the framework of the CopeMed II project. The stock was classified as
overexploited, although its status on the southern side is appreciably better than that
on the northern side of the Alboran Sea (GFCM, 2011b). Finally, although bogue is a
bycatch in many regions, it is targeted in several others, e.g. GSAs 03 and 26, and the
stocks of this species in these regions were assessed as being overexploited in 2008-09.
However, the situation of the species in other GSAs is probably slightly better.

Soles

The recent assessments undertaken in the framework of the AdriaMed project and by the
GFCM stock assessment Working Groups indicate that sole (Solea solea) stocks in the
Adpriatic and the South Levant regions are heavily overexploited. The catches also include
a large proportion of juveniles (GFCM, 2011a). The management recommendations for
these two stocks include a reduction in the overall fishing mortality and reinforcement
of closed areas during the peak recruitment periods to protect juveniles.

Horse and jack mackerels

Few data exist for horse mackerels (Trachurus trachurus and T. mediterraneus) as they are
not a target species for the most fisheries in Area 37. They are apparently not intensively
fished, except in Turkey and maybe some southwest Mediterranean countries. Their
biomass appears to be variable, presumably responding to environmental fluctuations.
They are migratory, but the patterns are unclear and this makes their assessment more
difficult. Similar considerations apply to mackerels (Scomber scombrus and Scomber
japonicus).

Crustaceans

Norway lobster

Three stocks of this species were assessed in the most recent round of formal stock
assessments (GFCM, 2011a; Cardinale et al.,2010). These stocks were those from GFCM
GSA 05 (Balearic Islands), GSA 09 (Ligurian and North Tyrrhenian Seas) and GSA 17
(northern Adriatic, stock assessed in the framework of the AdriaMed project). All three
stocks were found to be overexploited, requiring a reduction in fishing mortality, albeit
to different degrees. This species is often captured by the fleets exploiting the deep-sea
shrimps Parapenaeus longirostris and Aristens antennatus, as well as larger hake (e.g.
Sartor et al., 2003; Sbrana, Sartor and Belcari, 2003). Thus, the management of Norway
lobster must take into consideration the multispecies nature of the fishery.

Rose shrimp
Rose shrimp (Parapenaeus longirostris) is exploited throughout the Mediterranean, and
in most GSAs. During the last series of assessments, the stocks of this species in six GSAs
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were assessed, and the conclusion was that five (83 percent) of these were overexploited
and one was fully exploited. This species is actively targeted in all these GSAs, but it
is also sometimes captured as a bycatch of other fisheries (GFCM, 2011a). Therefore,
management must take into consideration the multispecies nature of the fishery.

Red shrimps

Red shrimps (Aristeus antennatus and Aristacomorpha foliacea) are intensely exploited
in the western and central Mediterranean by bottom trawlers fishing the continental
slope. The most recent assessments could only analyse the state of the stocks of these
species in two GSAs (Balearic Islands and Northern Strait of Sicily), which were
considered to be overexploited. For some countries, significant amounts of Aristeus and
Aristeomorpha are probably reported to FAO simply as “natantian decapods NEI”.
Given the high economic value of this resource in the region (Lleonart er al., 2003),
and the expansion in the fisheries targeting these species (Mouffok er al., 2008), special
attention needs to be paid to the management of their fisheries.

Small pelagic resources

Sardine and anchovy

Monitoring of sardine and anchovy stocks with acoustic surveys has been done regularly
for more than a decade in several regions. These regions include the Alboran Sea and
Northwest Mediterranean, the Adriatic (with the support of the AdriaMed Project)
and the Aegean and Black Seas (GFCM, 2011c). The daily egg production method
(DEPM) is currently applied routinely to assess anchovy stocks in the Aegean Sea and
less regularly in the Northwest Mediterranean, Tyrrhenian and Southern Adriatic. In
general, the results are used as ancillary information to the acoustic surveys and the
model-based stock assessments.

In the latest meeting of the different stock assessment Working Groups dealing
with small pelagic fish, a total of 11 assessments were presented and discussed (GFCM,
2011¢; Cardinale et al., 2010). The assessments covered sardine and anchovy stocks in
seven GSAs. Most stocks were found to be fully exploited. About 30 percent of the
stocks were assessed to be overexploited, with those of both sardine and anchovy in
the Gulf of Lions and the stock of anchovy in the Strait of Sicily considered to be in
particularly poor condition. In the Gulf of Lions, this situation was associated with
previous overexploitation and a current state of very low productivity. In contrast,
excessive current fishing pressure is considered to be the main cause of low catch for
the stock of anchovy in the Strait of Sicily.

The GFCM Small Pelagics Working Group (GFCM, 2011c¢) analysed the global
variations of several small pelagic stocks and fisheries across the Mediterranean. It
concluded that there were signs of some synchronous variations that suggested an
environmental effect overlaying the effect of fisheries on the stocks. The Working
Group suggested that this effect needed to be further investigated.

Large pelagic resources
Large pelagic fish, being mostly migratory fish with extensive migration patterns
covering several of the FAO Fishing Areas, are dealt with in Chapter C1.

THE AZOV AND BLACK SEAS

Fisheries in the Azov and Black Seas are characterized mostly by the spectacular increase
in catches of small pelagic fish from the 1970s to the mid-1980s and their subsequent
collapse by the end of the 1980s. It is now reasonably accepted that the increase in catch
was the result of a combination of eutrophication from the rivers draining into the seas

and a reduction in predation pressure from heavy exploitation of the more important
predators (Daskalov, 2002; Oguz, Fach and Salihoglu, 2008). The subsequent collapse
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has been linked to the invasion by the ctenophore Mnemiopsis leidyi coupled with heavy
fishing pressure and environmentally unfavourable conditions for fish recruitment
(Shiganova and Bulgakova, 2000; Oguz, Fach and Salihoglu, 2008).

Top Black Sea predators such as dolphins and porpoises have seriously declined in
abundance (Birkun, 2008). Predatory fish, including mackerel (Scomber scombrus),
blue fish (Pomatomus saltatrix) and bonito (Sarda sarda) used to enter seasonally
from the Sea of Marmara. Now, these species rarely penetrate into the waters to the
northwest of the Black Sea (Zengin and Dinger, 2006). The abundance of the stocks of
these species can be considered severely reduced, but not necessarily only by fishing.
Pollution, especially in the northwest part of the Black Sea, is considered to have played
an important part (Mee, Friedrich and Gamoiu, 2005).

Meanwhile, a species of grey mullet (the haarder [Mugil soiuy] has been introduced
from the Pacific coast of the Russian Federation). This species breeds in shallow water
and appears to be less sensitive to M. leidyi predation on its larval stages. This has
allowed haarder stock size to increase in recent years. Several other introduced species,
such as the Mya clam and Rapana sea snail appear to be tolerant of eutrophic conditions.
The snail is now becoming a major export item in some countries and can be considered
tully exploited (Shlyakhov and Daskalov, 2008).

In the Azov Sea, collapses of several freshwater fish stocks, such as pike, bream
and roach, occurred in the 1960s (Ivanov and Beverton, 1985). These collapses were
associated with progressive salination caused by damming of, and water extraction
from, major inflowing rivers.

In the last decade, the amount of nutrients and pollutants entering the Black Sea
through the river discharge has been appreciably reduced (BSC, 2008). This in turn has
already resulted in a slight improvement in environmental conditions in the Black and
Azov Seas in the last decade. This has allowed the recovery of biodiversity and marine
living resources despite overfishing, degradation of vital habitats (including spawning and
nursery areas) and the disturbance of the ecological balance that continues to occur.

Although the regular yearly assessment of the major fish resources has not yet
become a rule in the Black Sea, some particularly important resources have been the
subject of more intensive study and more information on their status is available.

Anadromous fish

Sturgeons

The estimated biomasses and catches of the most common species of sturgeon: Acipenser
gueldenstaedtii, Acipenser stellatus and Huso huso have all declined recently. This decline
has been accentuated drastically since the late 1980s. Two species of sturgeon (Acipenser
brevirostrum and Acipenser nudiventris) have almost disappeared. Experts attribute
these declines to the combination of a reduction in spawning habitats by damming of
rivers, large-scale illegal fishing and the alteration of the flow regime of the main rivers
(Shlyakhov and Daskalov, 2008). The estimated abundance of the Azov Sea sturgeon
stock for 2004-05 was only 5 percent of that at the beginning of the 1990s (Shlyakhov
and Daskalov, 2008). It is now considered that all the stocks of sturgeon in the Black
and Azov Seas are very severely overexploited.

Shads

Biomasses of these anadromous species have declined by about 75 percent or more
compared with the 1970s. Unfavourable environmental conditions in the region’s
rivers, especially the Danube River, may have affected the reproductive success of these
species. However, overfishing on the northern and southern coasts of the Black Sea
seems to have been the most important cause of the decline of these stocks (Radu,
2006). It is now considered that the stock of shad in the Black Sea is overexploited
(Shlyakhov and Daskalov, 2008).
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Small pelagic fish

After the heavy exploitation of the larger predators in the Black Sea, small pelagic fish,
especially sprat (Sprattus sprattus) and anchovy (Engraulis encrasicolus) became the
most important fish resources in the Azov and Black Seas until their collapse in the late
1980s.

European sprat

The sprat stock in the Black Sea supported intensive fishing by the former Soviet Union
in the 1950s and 1970s. More recent increases in exploitation rate have caused a decline
in stock biomass that has also been linked to the increase in the abundance of the
predatory ctenophore Mnemiopsis leydi in the late 1980s (Daskalov, 1998; Shiganova
and Bulgakova, 2000). After the late-1980s stock collapse, sprat recruitment, biomass
and catches started to increase again. The stock had recovered to the previous peak-level
recorded in the 1980s by the mid-2000s. With the recovery of fishing, fishing mortality
increased from 0.1 in 1990 to 0.3 in 2000. The catch reached close to its historic levels
(~70 000 tonnes) in 2001-05. The decreasing CPUE and mean catch size in Bulgarian
and Romanian fisheries in 2006-07 indicate that the current level of fishing pressure
might be excessive for the current stock (Shlyakov and Daskalov, 2008).

Anchovy

Anchovy is the single largest marine resource in the Black Sea. The biomass increased
in the late 1970s and early 1980s at a time when catches were also increasing. This was
apparently in response to increased nutrient inputs to the Black Sea (Oguz and Gilbert,
2007) and areduction in predators due to fishing (Daskalov, Prodanov and Zengin, 2007).
Anchovy stocks collapsed in the late 1980s, probably as a result of the combined effect of
intensive fishing and increased predation and feeding competition with the ctenophore
Mnemiopsis leidyi (Oguz, Fach and Salihoglu, 2008). Fishing effort was subsequently
reduced and this allowed anchovies to recover somewhat. However, anchovy biomass
and catches have not returned to the previous levels. Despite this partial recovery, there
is still substantial overcapitalization in anchovy fisheries, especially in the south and
southeast of the Black Sea. It is believed that the stock of Black Sea anchovy is still being
exploited above the level of sustainability.

Demersal fish

Whiting

In the Black Sea, whiting (Merlangius merlangus) is caught mainly as a bycatch of trawl
fisheries targeting sprat and other species. The exception is in Turkey and Romania,
where it is also a target species for a part of the fleet. Catches of whiting have fluctuated
markedly in the last two decades (Shlyakov and Daskalov, 2008). However, the condition
of the stock varies in different parts of the Black Sea. In general, the stock seems to
be more heavily exploited in the southwest Black Sea than in the northeast region,
where it is apparently in a better condition. This stock may have benefited from the
relative recovery of the small pelagic stocks that allowed both an increase in prey and a
reduction in fishing pressure.

Turbot

Turbot (Psetta maxima)is the mostimportant demersal species in the Black Sea, especially
owing to its high value across the region. The stock of this species suffered very heavy
exploitation in the 1970s and 1980s. It has partially recovered since then, as a result of
increased restrictions on fishing being imposed by several nations, especially on the
northern coasts of the Black Sea (Shlyakov and Daskalov, 2008). The latest information
seems to indicate that this stock can be considered as fully exploited, although the
components of the stock on the south coast may be overexploited already.
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Introduced species

Among the species that have been introduced recently into the Black Sea, the So-
iuy grey mullet (Mugil soiny) and the sea snail Rapana thomasiana make the largest
contribution to Black Sea fisheries. The catches of both of these species have been
increasing following increased fishing effort. They are considered to be fully exploited,
after the introduction of regulations limiting their exploitation on the northern coasts
of the Black Sea. The intensive use of dredges for the fishery of sea snail, however, may
be causing other damage to benthic habitats that should be closely monitored (Shlyakov
and Daskalov, 2008).

PARTICULAR ISSUES OF RELEVANCE

Introduced species

Introductions of exotic species have caused and are causing major changes in the
Mediterranean and Black Sea regions. In the Black Sea, drastic ecological changes have
led to the collapse of the major anchovy fishery. These major changes have occurred
following the introduction of a number of harmful exotic phytoplankton and animals
that were carried in ship ballast water or attached to ship hulls. The one introduction
that has had the most visible impact on fisheries has been the introduction of the
ctenophore Mnemiopsis leidyi. In the Mediterranean, the most noteworthy of these
effects is the progressive invasion of the eastern Mediterranean by a growing number of
Red Sea species entering the eastern Mediterranean through the Suez Canal (Lessepsian
migrants). These species now dominate the fisheries in some of the eastern Mediterranean
countries, and are also likely to become important in other parts of the Mediterranean
(EastMed, 2011). Even though some of the new species are highly valuable fishery
targets and are welcome by fishers, others, like Lagocephalus sceleratus, create major
problems to the fisheries in the region. This latter species damages most nets and is also
highly poisonous (EastMed, 2011). The dramatic accidental introduction and spread
of a species of seaweed (Caulerpa taxifolia) into the western Mediterranean will also
probably affect demersal food chains in that region in a way that is not easily predicted
(Zaitsev and Oztiirk, 2001; Galil, Froglia and Nogl, 2002; Golani et al., 2002).

FISHERY MANAGEMENT, ACHIEVEMENTS, CONCERNS OR ISSUES AND FUTURE
DIRECTIONS IN THE REGION

With the exception of large pelagics and some particular fisheries (striped venus in the
Adpriatic, or sturgeon fisheries), fishery management in the Mediterranean is not based
on catch control via TACs and quotas. The exception is the management of national
fisheries in the Black Sea by the Russian Federation. Instead, the management of
Mediterranean fisheries is based on regulation of total fishing effort through limited
licences and technical measures such as time and area closures, gear limitations and
limited landed sizes. Most countries have some form of closed-access system, through a
limitation on the number of licences issued, although this is not the case in all countries
and in all fleet segments. In most parts of the Mediterranean, trawlers are not allowed to
operate in coastal waters (at least down to depths of 50 m and/or a distance of 3 nautical
miles from the coast). These restrictions have been made in order to protect the nursery
areas of several commercial species. A review of the fisheries management measures
applied in the Mediterranean can be found in Cacaud (2005).

Countries neighbouring the Mediterranean have all established territorial waters up
to 12 nm from the coast. However, none has actually claimed an EEZ out to 200 nm
(Cacaud, 2005). Therefore, most of the Mediterranean Sea is classified as the high seas.
This means that international waters are much closer to the coasts than in most other
seas and oceans. This situation requires a higher level of cooperation among coastal
States for the management of Mediterranean fisheries. In the Black Sea, on the other
hand, all coastal countries have claimed the 200 nm EEZs. This means that most of the
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fishing is carried out within the national jurisdiction of bordering countries. Subject
to these jurisdictional frameworks, fisheries management in the region is subject to at
least three different and complementary regimens. In the Mediterranean, the overall
management of all fisheries is done in the framework of the GFCM. The fisheries of the
countries that are members of the EU are managed according to the CFP of the EU.
In most cases for the Mediterranean, this policy is harmonized with the GFCM policy.
Non-EU countries define their own fisheries management measures, although most
try to ensure they are compatible with GFCM regulations. The GFCM has had a very
limited role in the regulation of fisheries in the Black Sea until recently. This is because
not all countries bordering the Black Sea are members of this organization.

There are a number of major difficulties for adequate fisheries management in the
region. These include: the overcapacity of the fleet, widely dispersed fleets dominated
by small-scale vessels, a huge number of landing points, multispecies fisheries, and
insufficient compliance and cooperation among countries in fisheries management.
Despite this, there have been important improvements and achievements recently in
the management of Mediterranean and Black Sea fisheries.

First and foremost, most countries in the region are becoming increasingly active in
fisheries management. They are introducing national measures for fisheries management
and participating more actively in regional and subregional initiatives. Most countries
regularly participate in the meetings of the GFCM and send representatives to the
stock assessment Working Groups of the GFCM Scientific Advisory Committee and
to the subregional stock assessment Working Groups organized by the FAO regional
projects CopeMed, AdriaMed, MedSudMed and EastMed. The EU established a
Mediterranean subgroup of its STECF in 2006 to provide fisheries management advice
on the Mediterranean fisheries of its member countries. The work of this subgroup
is complementing the work done by the GFCM’s SAC. These recent initiatives have
led to an appreciable increase in the number of the fish stocks and fisheries that are
scientifically assessed. In 2009 and 2010, 59 different stocks (48 demersal and 11 small
pelagic fish) were formally evaluated by the GFCM’s SAC or by the STECE

The knowledge base for the assessments has also been improving. There is an
increasing recognition that many if not most of the Mediterranean and Black Sea fish
stocks tend to be at least partially shared among neighbouring countries. In this context,
it is easily accepted that it has been beneficial to have the assessments undertaken
jointly, either at the GFCM Stock Assessment Working Groups or at subregional
Working Groups. These activities are usually organized within the framework of the
FAO regional projects. In 2010, at least six joint stock assessments were conducted
with the support of the FAO Mediterranean projects (AdriaMed, CopeMed, EastMed
and MedSudMed). These stock assessments included the stocks of rose shrimp in the
Strait of Sicily, of Pagellus bogaraveo in the Alboran Sea, and of sardine, anchovy, hake
and sole in the Adriatic Sea. In the last few years, there have also been other important
efforts to improve the quality of the stock assessments. These efforts include at least the
following: (i) the compilation of a database of the main biological parameters (growth,
maturation and mortality) of the more-intensively exploited species in the region to
facilitate the carrying out of comparable assessments with consistent parameter sets;
and (ii) the introduction of a more systematic quality control and documentation
system for all stock assessments, in the framework of the GFCM’s SAC as well as the
EU’s STECE
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INTRODUCTION
Area 41 covers a total surface of 17.65 million km? off the east coast of South America,
between latitudes 05°00°N off northern Brazil and 60°00°S off southern Argentina, and
includes a total shelf area of 1.96 million km? (Figure B6.1). In the north, the continental
shelf may extend as far as 160 nm (320 km) offshore from the Amazon River, where the
bottom is mostly river deposits and debris. As one moves south away from the influence
of the Amazon River, the shelf becomes narrow, coralline and mostly unsuitable for
trawling. The shelf is also narrow and mostly rocky further south off central and southern
Brazil. Closer to the southern extent of Area 41, it widens and becomes more suitable for
trawling. The best and largest areas for trawling are found around the Plate River and over
the Patagonian shelf and the area of the Falkland Islands (Malvinas). In these regions, the
shelf extends well beyond the 200-nm limit (more than 370 km) off the coastline. This
makes this region the largest area of continental shelf in the Southern Hemisphere.

The variety and abundance of fishery resources and types of fisheries in Area 41
are determined by a combination of physical and environmental characteristics. The

FIGURE B6.1
The Southwest Atlantic (Area 41)
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environmental conditions range from typically tropical in the north to sub-Antarctic in
the south. Towards the northern part of Area 41, the marine environmental conditions
are dominated by the South Equatorial Current. This current flows from the coast
of Africa until it hits the South American coast. There, it branches into the North
Brazil Current, which flows along the north Brazilian coast, and the Brazil Current,
which flows south along the central and southern Brazilian coast. The northern part of
Area 41 is further influenced by the great flow of freshwater from the Amazon River.
Further south, the marine environment is dominated by the warmer southward-flowing
Brazil Current and then by the colder northward-flowing Falkland Current (Malvinas
Current). These currents merge into an offshore flow of subtropical convergence just
off the Plate River. This is a region where there is also a large flow of freshwater into
the coastal ecosystems (Emilsson, 1959; Hempel, 1971; Dias Neto and Mesquita, 1988;
Bakun and Parrish, 1991; Bakun, 1993; Castro and Miranda, 1998).

Shrimps and lobsters, and to a lesser extent reef fishes and other tropical demersals,
tend to be of particular relevance towards the northern part of Area 41. Further south,
important populations of small pelagics are found in nutrient-rich coastal regions
where water masses mix off central Brazil and off Uruguay—northern Argentina. This
mostly occurs around the Plate River. Coastal demersals are particularly important off
southern Brazil and in the vicinity of the Plate River. Whereas mid-water and deepwater
demersals tend to dominate over most of the continental shelf in the vicinity of the
Plate River, the Patagonian shelf and the Falkland Islands (Malvinas). The region of
the Falkland Islands (Malvinas) is also important for squids. Large pelagics are mostly
caught off central Brazil and the Plate River.

PROFILE OF CATCHES

Most capture fish production from Area 41 comes from demersals and squids. This
is one of the FAO Statistical Areas where capture fisheries grew rapidly until the late
1990s. In the last decade, total catches from Area 41 have stabilized, although with
marked interannual fluctuations. In 1950, the total catch for the whole of Area 41 was
only 172 000 tonnes. At that time, most of the known fish stocks were only lightly
or moderately exploited, and several important stocks were still virtually unexploited.
A number of new fisheries have developed since, and total annual catches increased
steadily at an average rate of 7.4 percent per year to reach a maximum of 2.4 million
tonnes in 1987. There was an exceptional spike in catches between 1966 and 1968, with
a peak catch of 599 000 tonnes in 1967 caused by an intense pulse of fishing for hake
and probably other demersals by the then Soviet Union fleet (Figure B6.2). Catches
declined after 1987, to a low 2.0 million tonnes in 1990 and 2.1 million tonnes in 1994. A
new maximum was reached in 1997 at 2.8 million tonnes. Since then, catches have been
fluctuating between 2.0 and 2.5 million tonnes (Figure B6.2 and Table D6).

Demersal species in ISSCAAP Group 32 (cods, hakes, haddocks) and molluscs in
Group 57 (squids, cuttlefishes, octopuses) are the major contributors to the catches
from this region. The next most-important catch groups are the coastal species in
Group 33 (miscellaneous coastal fishes such as croakers and weakfishes), the small
pelagics in Group 35 (herrings, sardines, anchovies), and other demersals in Group 34
(miscellaneous demersal fishes such as toothfish and cusk-eel) and Group 38 (sharks,
rays, chimaeras). The dominant species in the demersals of Group 32, in terms
of volume, are the Argentine hake (Merluccius hubbsi), the Patagonian grenadier
(Macruronus magellanicus), and the southern blue whiting (Micromesistius australis).
Among the other groups, the Argentine shortfin squid (/llex argentinus) in Group 57,
and the Brazilian sardinella (Sardinella brasiliensis) in Group 35 contributed the largest
catches.

The Argentine hake sustains one of the most important fisheries in the region of
the Plate River and over most of the Patagonian shelf. Total catches of this species



Bé6. Southwest Atlantic — FAO Statistical Area 41

95

FIGURE B6.2
Annual nominal catches by ISSCAAP Groups in the Southwest Atlantic (Area 41)
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steadily increased from 1950 to 102 000 tonnes
in 1965. Catches were at first all taken by the
coastal States (Argentina, Brazil and Uruguay).
Following the exceptionally high catches of
hake reported by the then Soviet Union in
1967 (513 000 tonnes), catches declined to
70 000 tonnes in 1969. The total catch from this
region then increased steadily to 462 000 tonnes
in 1979, and then gradually increased to a record
high of 682 000 tonnes in 1996. Since then, total
catches of Argentine hake rapidly declined to a
record low of 243 000 tonnes in 2000 and have
fluctuated since. Reported catches in 2009 were
331 000 tonnes (Figure B6.3).

The Argentine hake is mostly exploited by
Argentine and Uruguayan fleets. Both fleets
increased in the 1980s to the early 1990s, and
the Argentine fleet continued to increase
in the 1990s. Other deepwater demersals in
Group 32 that make a significant contribution
to the total fish production in Area 41 are the
Patagonian grenadier and the southern blue
whiting (Figure B6.3). These species produced
135 000 tonnes and 32 000 tonnes, respectively,
in 2009. They are particularly abundant in the
southern Patagonian shelf and slope, where
they are exploited by long-range fleets from the
region as well as by distant-water fleets.

The miscellaneous demersals in Group 34
(Figure B6.4) that contribute most to total
fish production in Area 41 are the pink cusk-
eel (Genyprerus blacodes) and Patagonian
toothfish  (Dissostichus  eleginoides), with
21 000 tonnes and 5 000 tonnes, respectively,
in 2009. These species are exploited by both
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Annual nominal catches of selected species in
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been steadily increasing, reaching 83 000 tonnes
in 2009 (Figure B6.5). Catches of Argentine
anchovy reached a maximum of 44 000 tonnes
in 2005 and 2006, declining to 28 000 tonnes in
more recent years. Catches of tunas and other
large pelagics in Group 36 have been more or
less stable at 50 000-70 000 tonnes per year,
after reaching a maximum of 74 000 tonnes in
1996.

Another very important fishery in Area 41 is
that for squids (Group 57). The main species is
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and 14 percent of total marine catches in Area 41 in 2009. The overall abundance and
actual catches of Argentine shortfin squid have been very variable since the fisheries
started in the late 1970s. After reaching 638 000 tonnes in 1993, total catches of this species
declined to 506 000 tonnes in 1994, before increasing to a record high of 1.1 million
tonnes in 1999. From 2000 to 2009, catches fluctuated widely between 179 000 tonnes
and 955 000 tonnes. Catches in 2009 (261 000 tonnes) were among the lowest catches in
the last two decades (Figure B6.6). Although less abundant, total catches of Patagonian
squid (Loligo gahi) also fluctuated between a maximum of 89 000 tonnes in 1989 and a
low of 22 000 tonnes in 1997. In 2009, the total catch of this species was 35 000 tonnes.
Another squid species caught occasionally is the seven-star flying squid (Martialia
hyadesi). Catches are usually low, ranging between 0 and 1 000 tonnes/year in most
years. The exception was a record high catch of 24 000 tonnes in 1995. This exceptional
catch was followed by catches of 3 800 tonnes and 8 300 tonnes in 1996 and 1997.
Catches of other non-identified squids has declined sharply in recent years, suggesting
great improvements in the identification at species level of squid catches from Area 41.

Shrimps, prawns, lobsters, crabs and other crustaceans in Groups 42, 43 and 45
also sustain important local fisheries throughout Area 41 from the tropics to the sub-
Antarctic zone. Altogether, these species groups have yielded total catches of more than
100 000 tonnes since 2000 (Figure B6.7). These are important volumes considering their
relatively high market value. The single crustacean species yielding the largest catches is
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the Argentine red shrimp (Pleoticus muelleri).
It has highly variable catches ranging from FIGURE B6.7
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RESOURCE STATUS AND FISHERY
MANAGEMENT

Until the early 1980s, Area 41 was among the few major fishing regions of the world
still with a large potential for expansion. Until that time, there were abundant and
potentially valuable fishery resources that were still being reported as underexploited
or lightly exploited (FAO, 1979, 1981, 1983; Otero et al., 1982, 1983; Csirke, 1987;
Dias Neto and Mesquita, 1988). Several coastal and mostly industrialized long-range
fisheries have developed since. Most of the fish stocks are now considered to be fully
exploited, while some are, or have been, severely overexploited in recent years (Bezzi,
Akselman and Boschi, 2000; Dias Neto, Saccardo and Bernardino, 2001; FAO, 1997,
2002; MMA, 2006). The status of commercial fish stocks is shown in Table Dé6.

International fisheries research, stock assessment and fisheries management activities
in Area 41 are mostly dealt with through bilateral arrangements. Argentina and
Uruguay cooperate mainly through the Joint Technical Commission for the River Plate
Maritime Front (CTMFM, http://ctmfm.org). This organization was established in
1973 to promote bilateral cooperation between neighbouring Argentina and Uruguay
regarding the assessment and management of shared stocks in the River Plate Maritime
Front. In so doing, the CTMFM has been organizing or coordinating joint research
surveys and other research activities in its convention area. It has also actively promoted
scientific publications and meetings of regional and international relevance. At these
meetings, various stock assessment and fisheries management issues of interest to the
two member countries and other stakeholders are addressed. While very active in the
1980s and 1990s, the activities of this regional commission have decreased, particularly
in relation the wider regional or international significance of their scientific activities.
However, in November, the CTMFM signalled the start of a new, more active era by
holding a scientific symposium. This symposium, titled “The ecosystem approach and
its implementation in fisheries management in the Fisheries Common Zone of Argentina
and Uruguay”, was the first in a decade and was attended by more than 100 scientists
from more than 20 institutions.

Argentina and the United Kingdom of Great Britain and Northern Ireland also
cooperate in the assessment of fish stocks and management of fisheries in the region of
the Falkland Islands (Malvinas). In November 1990, the Governments of Argentina and
the United Kingdom of Great Britain and Northern Ireland signed a joint statement
on the conservation of fisheries. This statement led to the establishment of a South
Atlantic Fisheries Commission, composed of delegations from both States. The South
Atlantic Fisheries Commission met regularly and provided a forum for the exchange
of information on marine living resources. It discussed the implementation of measures
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to improve the conservation and management of commercially important fish stocks
in the Southwest Atlantic, particularly those around the Falkland Islands (Malvinas).
However, it has been less active in recent years.

Brazil has about ten technical working groups (Grupos Permanentes do Estudos),
which have had variable degrees of activity over the years. In certain circumstances,
these groups have been instrumental in coordinating research work. They have also
provided technical advice on the assessment and management of important fisheries in
Brazil, such as tunas, shrimps, lobsters, sardines and coastal demersals. Through some
of these working groups covering the northernmost part of Area 41, there is active
cooperation with the WECAFC covering Area 31 regarding the study and assessment
of fish stocks in the Guyana-Brazil region.

Most of the reported expansion in production in Area 41 in the last three decades has
been due to the increased catches of hake and other demersals as well as squids on the
Patagonian shelf and slope. There are two well-known species of hake in this region, the
Argentine hake (Merluccius hubbsi) and the Patagonian or southern hake (M. australis).
A third hake species (M. patagonicus, sp. nov, Lloris and Matalallanas, 2003) has also
recently been described. The Argentine hake is the most conspicuous and abundant of
these species. The distribution and fishing grounds of Argentine hake tends to overlap
with that of the other hakes in the outer Patagonian shelf and slope, and the species
are difficult to identify correctly. Given the higher abundance and relative importance
of the Argentine hake, it is likely that at least some of the southern hake catches are
reported as Argentine hake. Reported catches of southern hake have been well under
10 000 tonnes per year in recent years, while those of Argentine hake have been in the
range of 243 000-682 000 tonnes per year.

There seem to be at least two stocks of Argentine hake (M. hubbsi), with some
authors proposing the existence of three or four or even up to five stocks (Otero and
Kawai, 1981; Bezzi and Perrotta, 1983; Otero, Giangiobbe and Renzi, 1986; Perrotta
and Sanchez, 1992; Bezzi, Verazay and Dato, 1995). However, the possible presence of
two or more stocks is not taken into account in the official annual catch statistics. They
are also not always taken into account in the assessment and management of the hake
fishery within the common Argentine-Uruguayan fishing zone and in the remaining
area around the Patagonian shelf.

The assessments available indicate that, until the 1980s and early 1990s, the stocks
of Argentine hake were fully exploited. However, this soon developed into a state
of overexploitation by the mid-1990s and stock depletion (FAO, 1983; Csirke, 1987;
Bezzi, Verazay and Dato, 1995; Consejo Federal Pesquero, 1998; Aubone et al., 1998;
Bezzi, Aubone and Irusta, 1999; Aubone, 2000; Bezzi, Akselman and Boschi, 2000;
Tringali and Bezzi, 2001; Arena and Rey, 2003; Irusta and D’Atri, 2010). At first, the
overexploitation of the hake stocks was mainly caused by growth overfishing. This
soon developed into recruitment overfishing, with a serious depletion of the SSB. The
hake resource was declared to be in a state of emergency. Both main fishing countries,
Argentina and Uruguay, had severe restrictive measures imposed in 1998. The restrictive
measures are still in force and include reduced TACs and extensive seasonal and zonal
closures to protect juveniles and spawners. While some signs of increased recruitment
are being reported, the restrictive measures adopted so far do not seem to have reduced
fishing pressure sufficiently for a more rapid long-lasting recovery of the Argentine
hake stocks in Area 41.

In comparison with the Argentine hake, the southern hake (M. australis) stock is
much smaller and is distributed further south in the southern part of the Patagonian
shelf and slope. There is also evidence of a possible connection with a larger stock of
southern hake in Area 87, off the southern coast of Chile (Tingley er al., 1995). The
stock of southern hake is considered to be fully exploited and current catches are within
the recommended TAC for this species.
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The Patagonian grenadier (Macruronus magellanicus) is usually found in deeper
waters in the southern Patagonian Shelf. According to recent analyses, Patagonian
grenadier is considered to be moderately exploited, with catches in recent years under
the estimated TACs (Giussi and Wohler, 2009). The other main fish stock in Group 32
is the southern blue whiting (Micromesistius australis), which is also found in deeper
waters in the southern Patagonian shelf and slope, particularly around the Falkland
Islands (Malvinas). While this stock was considered to be moderately to fully exploited
until the mid-1990s, more recent studies suggest that, at current catch rates, the stock
of southern blue whiting is being overexploited (Bezzi, Akselman and Boschi, 2000;
Cordo and Wohler 2000; Wohler, 2000; Consejo Federal Pesquero, 2002; Giussi and
Wobhler, 2010). Stock abundance has declined since 1992, reaching the lowest level in
2007, with a slight recovery in 2008 and 2009 (Giussi and Wohler, 2010). Other demersal
fish stocks in Group 34, such as the Patagonian toothfish (Dissostichus eleginoides) and
the pink cusk-eel (Genyprerus blacodes) are also considered overexploited.

There are several stocks of coastal demersal species of Group 33 throughout the
region. The main species in this ISSCAAP group are the Atlantic croaker (Umbrina
canosai), stripped whitefish (C. striatus), various species of weakfishes (Cynoscium spp.)
and the whitemouth croaker (Micropogonias furnieri). Most of these stocks are fully
exploited, while some local stocks are showing clear signs of overexploitation (Otero
and Ibafiez, 1986; Arena, 1990; Dias Neto and Dornelles, 1996; Arena and Rey, 1999;
Bezzi, 2000; Bezzi, Akselman and Boschi, 2000; Vasconcellos and Haimovici, 2006;
MMA, 2006; Lorenzo and Scavino, 2011; Chiesa et al., 2011).

The Brazilian sardinella (Sardinella brasiliensis) is one of the main small pelagics
in ISSCAAP Group 35 being exploited in Area 41. It is found over the shallower
continental shelf off central Brazil between 22° and 29°S. After the record high catches
of 228 000 tonnes taken in 1973, catches of this species dropped and then varied between
100 000 tonnes and 150 000 tonnes until 1986, when a further period of decline occurred.
The total biomass of Brazilian sardinella declined from an estimated 350 000 tonnes
in 1977 to 80 000 tonnes in , and there have been no signs of stock recovery since
then (Saccardo and Rossi-Wongtschowski, 1991; Rossi-Wongtschowski, Saccardo and
Cergole, 1995, 1996; Matsuura, 1998; Vasconcellos, 2001; MMA, 2006). The causes of
the severe decline and lack of recovery of this sardine stock is a source of great interest
and active debate among fisheries scientists and administrators (Saccardo 1983; Saccardo
and Rossi-Wongtschowski, 1991; Rossi-Wongtschowski, Saccardo and Cergole, 1996;
Dias Neto, Saccardo and Bernardino, 2001; Vasconcellos, 2003). All available evidence
seems to indicate that the Brazilian sardine is also exposed to decadal cycles of favourable
and unfavourable environmental conditions, similar to other stocks of sardines in other
parts of the world. These environmental cycles drive the population size up and down
more or less independently of fishing pressure. These effects comes in addition to the
effects of heavy fishing, which seems to have maintained this sardine stock under a state
of overexploitation almost continuously since the first recorded large catch more than
four decades ago. In this respect, it has already been suggested that excessive fishing
pressure could exacerbate biomass declines and delay or compromise potential natural
recoveries.

Another small pelagic fish stock particularly abundant in the Southwest Atlantic is
the Argentine anchovy (Engraulis anchoita). This anchovy is usually found off southern
Brazil, Uruguay and northern Argentina. In some years, it has also been reported as far
north as central Brazil, in regions usually inhabited by Brazilian sardine (Lima and
Castello, 1994). This is one of the few cases worldwide of a highly abundant, well-
known commercial fish stock that still remains underexploited. Total catches are in the
lower tens of thousands tonnes per year, while the potential for their entire distribution
is more than 100 000 tonnes. The total estimated biomass of Argentine anchovy varies
widely. Most estimates have been well over 1 million tonnes, with maximum estimates



100

Review of the state of world marine fishery resources

close to 10 million tonnes in some years (Ciechomski and Sinchez, 1988; Hansen and
Madirolas, 1999; Hansen, 2004). This is a stock that clearly could support a much
higher fishing pressure. However, it is clear that, as the species is close to the base of the
food web of the northern Patagonian and Plate River system, any significant increase in
fishing pressure on this stock could have negative impacts on other fish species feeding
on it.

Catches of tunas and other large pelagics have been more or less stable in recent
years. Most stocks seem to be fully exploited, although some potential for limited
expansion exists. Total catches of sharks, rays and chimaeras have remained more or
less stable or increased slightly in the last decade, with 83 000 tonnes reported for this
species group in 2009. Although some stocks are not subject to direct fishing, they
might still be moderately or fully exploited as bycatch in other more intensive demersal
fisheries in Area 41. Because of their low fecundity and other life history characteristics,
there is some concern about the effect of this indirect fishing on shark, ray and chimaera
populations. The excessive fishing mortality will probably be unsustainable. In extreme
cases, it may lead to population depletion even when these species are not targeted by
any particular direct fishery. More studies are needed in this respect, particularly in the
context of the FAO International Plan of Action for the Conservation and Management
of Sharks (IPOA-Sharks).

Among the crustaceans, the most abundant single species producing the highest
yield is the Argentine red shrimp (Pleoticus muelieri) in the central Patagonian shelf
(Boschi, 1989; Bezzi, Akselman and Boschi, 2000). At present, this stock is considered
to be fully exploited.

Another main stock is the Argentine shortfin squid (/llex argentinus), which is
distributed along the shelf and slope from 22° to 54°S. It is exploited by long range
fleets from Area 41 as well as from distant areas. Several studies have been conducted on
the shortfin squid stock in the Patagonian shelf and slope (Koronkiewicz, 1980, 1986;
Brunetti, 1981; Otero et al., 1982; Hatanaka, 1986, 1988; Csirke, 1987; Haimovici and
Perez, 1990; Haimovici et al., 1998; Bakun and Csirke, 1998). Some work has been done
to distinguish possible population groups or stocks in Area 41 by analysing differences
in reproductive seasonality and distribution of early and older life stages. At least three
main spawning stocks are described, the summer-spawning stock, the south Patagonia
stock and a Bonaerensis-north Patagonia stock. There is a possible fourth stock in
southern Brazil that could well be an extension of the Bonaerensis-north Patagonia
stock.

In the first years of rapid development of this fishery, there was great uncertainty and
concern regarding the state of this stock and the risk of overexploitation. This concern
was addressed through the joint and coordinated research and management actions
undertaken by Argentina and the United Kingdom of Great Britain and Northern
Ireland within the South Atlantic Fisheries Commission. The results of these studies have
contributed to improved assessment, monitoring and control of fishing operations of
local and long-range fleets. Regardless of the high year-to-year variability in abundance
and resulting catches, the Argentine shortfin squid as well as the Patagonian squid are
considered fully exploited (Csirke, 2005; Maguire et al., 2006).

Most of these fisheries are under some kind of management scheme with specific
management measures varying from one country to another and from one fishery to
another. However, enforcement is not always as effective as desired. Only a few fisheries
are under an open-access regime, and these are mostly coastal small-scale fisheries. In
most cases, there is a limited-access scheme for which a fishing licence is required.
These licensing requirements are usually combined with other fishing effort and total
catch restrictions to keep fishing mortality under control. In addition, regulations on
the size at first capture and seasonal and area closures are used to protect juveniles and
spawners. In particular, Argentina and Uruguay, and their subregional organization,
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the Frente Maritimo, have been compelled to adopt more severe restrictive regulations,
combining TAC limits, size-at-first-capture limits, and seasonal and area closures to
address the critical situation of the Argentine hake stock.
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INTRODUCTION
This section on the Southeast Atlantic deals with the waters adjacent to the coastlines
of Angola, Namibia and South Africa and extends well into the high seas to the south
and west (Figure B7.1). The islands of Saint Helena, Ascension and Tristan da Cunha
also fall within Area 47. Nominal landings made by South Africa in the western Indian
Ocean are included in Area 47. However, except for those from the Agulhas Bank,
which is considered a part of the Benguela upwelling system, these landings form a
very small part of the total for the region. The rest of the region is dominated by the
Benguela upwelling system, which supports relatively high production along much of
the coastline of these three countries.

The northern border of the Benguela upwelling system occurs at the thermal front
with the warm Angola Current. This normally occurs between about 15°S and 17°S
on the coastal shelf in southern Angola. North of the Angola-Benguela Front (ABF),

FIGURE B7.1
The Southeast Atlantic (Area 47)
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most of the coastal shelf of Angola is dominated by the southward-flowing and less
productive Angola Current. The Benguela ecosystem itself is subdivided into the
northern Benguela system and the southern Benguela system. These are separated by
the partial barrier of a very intense upwelling cell off the town of Liideritz, some 300 km
north of the border between Namibia and South Africa. Area 47 covers a total surface
area of about 18.4 million km?, with less than 0.5 million km? being shelf area.

This part of the Southeast Atlantic is a very variable and dynamic region from the
point of view of oceanography. This variability significantly influences the marine
living resources (Hutchings et al., 2009). The last three decades have been characterized
by several major oceanographic events that have influenced the dynamics of several
important fish stocks.

One of these is the occasional occurrence of low-oxygen water spreading across
the bottom of the Namibia shelf (Bartholomae and Plas, 2007). A major such event
occurred in the period 1993-94. In this period, low-oxygen water occupied most of
the central and northern Namibian shelf, leading to the almost total loss of a cohort
of juvenile hake (Woodhead et al., 1997, Hamukuaya, O’Toole and Woodhead, 1998).
Low oxygen levels near the seabed have also affected the distribution of hake over the
Namibian shelf in a number of years (Mas-Riera et al., 1990, Woodhead et al., 1998).

The other major oceanographic event affecting the region is the “Benguela Nifio”
that recurs about once a decade. Benguela Nifios are extreme warm events that can be
seen as abnormally high and persistent sea surface temperatures (SSTs) along the coast
of Angola and Namibia (Shannon ez al., 1986). These anomalous warm events cause
strong rainfall anomalies (Rouault ez al., 2003) and drastically modify fish distribution
and abundance (Boyer er al., 2001). Major Benguela Nifios occurred in 1934, 1949,
1963, 1984 (Shannon et al., 1986) and in 1995 (Gammelsrad et al., 1998). The most
recent Benguela Nifio, in 1995, is credited with causing a 4-5° southward shift of the
sardine population. It was also associated with high mortality and poor recruitment of
several small pelagic fish species (Boyer and Hampton, 2001). The likely occurrence
of a Benguela Nifio in 2011 (IRI, 2011) will probably also create poor conditions for
many fish stocks in the region (especially small pelagic fish). This will warrant more
precautionary management measures to ensure the sustainability of the fisheries
targeting them.

In a related sequence of events, the southern Benguela system experienced an
unusual sequence of a short period of intense warming in December 1999, followed
rapidly by a period of strong cooling early in 2000. This sequence was associated with
record recruitment to the local anchovy stock, although any causal link is not well
understood.

PROFILE OF CATCHES

Total nominal landings from the Southeast Atlantic (Area 47) increased from less than
0.5 million tonnes in 1950 to slightly more than 3 million tonnes in 1968 (Figure B7.2;
Table D7). Landings varied at about 3 million tonnes until the end of the 1970s, before
declining to fluctuate about 2.3 million tonnes in most of the following decade. They
then decreased abruptly from 2.8 million tonnes in 1987 to 1.3 million tonnes in 1991.
This was driven partly by a large decline in anchovy landings and policy changes in
Namibia after it gained independence in 1990. Landings have remained under 2 million
tonnes since then, with an average landing of about 1.6 million tonnes between 2000
and 2002 that declined to about 1.2 million tonnes in 2009. Landings from the region
are dominated by ISSCAAP Group 35 (herring, sardine and anchovies), Group 37
(miscellaneous pelagic fishes [including horse mackerel]) and Group 32 (cods, hakes
and haddocks) (Figure B7.2). The most important stocks within these groups were
all subjected to heavy fishing pressure at different periods between the 1960s and the
1980s. In some cases, this fishing pressure led to quite severe declines in abundance
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FIGURE B7.2
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that was reflected in declining landings. The
position was stabilized in several of these cases
by imposition of more rigorous management
regimes.

The small pelagic fisheries of the region,
which together account for the highest
proportion of the landings by mass, are
dominated by six taxonomic groups: Cape
horse mackerel (Trachurus capensis) and
Cunene horse mackerel (7. trecae), Southern
African pilchard (Sardinops sagax, also still
referred to as S. ocellatus), Southern African
anchovy (Engraulis  capensis), sardinellas
(round Sardinella anrita and Madeiran or flat
S. maderensis) and Whitehead’s round herring
(Etrumeuns whiteheadi). In 2009, Cape horse
mackerel accounted for the largest landings
of small pelagics, followed by South African
pilchard and anchovy and then, substantially
lower, the sardinellas and Whitehead’s round
herring (Figures B7.3 and B7.4).

Cape horse mackerel is caught mainly in
Namibia and in southern Angola, especially in
the cold season. Cunene horse mackerel is the
main exploited species off Angola, especially
north of Namibe Province. Landings of the two
horse mackerel species have declined since the
late 1970s and mid-1980s. This was probably
caused by the effects of heavy exploitation,
particularly in Namibia and Angola, in this
period. In both species, heavy exploitation in
the late 1970s and 1980s was followed by a
large reduction in fishing mortality when the

FIGURE B7.3
Annual nominal catches of selected species in
ISSCAAP Group 37, Southeast Atlantic (FAO Area 47)
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then Soviet Union fleet was drastically reduced after 1989. The decrease in landings in
this period also reflected this reduced effort. Effort has been increasing since the mid-
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Annual nominal catches of selected species in
ISSCAAP Group 32, Southeast Atlantic (FAO Area 47)
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with a very marked decline to 13 000 tonnes
in 2009, partially as a consequence of stricter
regulation in place in Angola. These landing
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—— Devil anglerfish herring fluctuated without a clear trend from

the early 1980s, with a small peak in the mid-
1990s and a maximum of 97 000 tonnes recorded
in 1997. Since then, landings have been between
40 000 and 65 000 tonnes, apart from in 2000
and 2005 when they fell below 40 000 tonnes
(Figure B7.4). The higher landings in 1995
(79 000 tonnes) and 1997 (97 000 tonnes) were
probably, at least in part, a result of fishing

190 1970 1980 1990 2000 2009 | effort being diverted to round herring from the
struggling anchovy fishery, as the round herring

is not regulated by a TAC in South Africa at present.

North of the Benguela front, primarily in Angolan waters, sardinellas are the
dominant clupeoid in landings. The two species tend to alternate in dominance. Between
1994 and 2004, the flat sardinella tended to dominate in surveys, but the situation has
reversed since 2004. In 2009, most of the estimated sardinella biomass off Angola was
composed of round sardinella (INIP, 2011). Landings of the two species combined
peaked at 286 000 tonnes in 1977. After 1989, following a substantial reduction in
fishing effort in the region, landings declined and were well under 100 000 tonnes in the
1990s (Figure B7.4). They increased to 114 000 tonnes in 2000 but fell again to under
30 000 tonnes in 2002, to recover slightly to 74 000 tonnes in 2009.

The taxonomic groups most important in the demersal fisheries of the region include
the shallow-water (Merluccius capensis) and deep-water (M. paradoxus) Cape hakes,
devil anglerfish or Cape monkfish (Lophius vomerinus), snoek (Thyrsites atun), and
also dentex, including Angolan (Dentex angolensis) and especially large-eyed dentex
(D. macrophthalmus), which is important in Angola (Figures B7.5, B7.6 and B7.7).

Of these, Cape hakes accounted for the highest landings. Under TAC management,
catches of Cape hakes have remained fairly constant at between 250 000 and
323 000 tonnes since 1995. Landings of snoek have declined from a maximum by the
end of the 1980s to about 12 000 tonnes since 1997, with some evidence of a possible
decline over this latter period. Landings of unidentified dentex remained fairly
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consistently above 10 000 tonnes from the

early 1950s through to 1968, when they started FIGURE B7.7
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important fisheries in the region (Figure B7.7).

The largest landings within this group, apart from dentex, are of West African croakers
NEI (Psendotolithus spp.), which are caught mainly by Angola. Declared landings of
these fish fluctuated around 20 000 tonnes between 2002 and 2009. The period of increase
in landings started in 1998, when they went from under 2 000 tonnes the previous
year to more than 7 000 tonnes. Declared landings of mild (southern) meagre, known
locally as kabeljou or kob (Argysomus inodorus, previously A. hololepidotus), are made
mainly in Namibia and South Africa. Mild meagre landings have shown a sharp increase
from an average about 1 200 tonnes before 2000 to an average of 22 000 tonnes in
2008-09. Declared landings of porgies and seabreams NEI (Sparidae) peaked at more
than 61 000 tonnes in 1966 but soon dropped and have not been above 12 000 tonnes
since 1970. Landings have been under 1 000 tonnes since 2000. The declared landings
of southern meagre, dentex NEI and West African croakers NEI have increased very
markedly in the last decade. The most recent landings are among the highest on record.
The relatively high average landings of gobies are misleading. Apart from very high
landings of 21 000 tonnes of gobies in 1998, landings of the group are generally well
under 500 tonnes/year.

From 2000 to 2009, the following groups generated annual landings that averaged
more than 1 000 tonnes: sea catfishes NEI (Ariidae); panga seabream (Prerogymnus
laniarius); groupers, seabasses NEI (Serranidae); threadfins, tasselfishes NEI
(Polynemidae); bigeye grunt(Brachydeuterus anritus);croakers,drums NEI (Sciaenidae);
pargo seabreams NEI (Pagrus spp.); sand (locally “white”) steenbras (Lithognathus
mormyrus); grunts, sweetlips NEI (Haemulidae); and Canary drum (Baardman,
Umbrina canariensis). Declared landings of picarels NEI (Spicara spp.), geelbek
croaker (Atractoscion aequidens), carpenter seabream (Argyrozona argyrozona), black
seabream (Spondyliosoma cantharus), porgies, seabreams NEI (Sparidae), mullets NEI
(Mugilidae) and white stumpnose (Rhabdosargus globiceps) ranged between 100 and
500 tonnes/year in the same period.

Sharks, rays and chimaeras (ISSCAAP Group 38) did not use to account for
substantial declared landings in Area 47. However, their landings have increased rapidly
in recent years. Annual declared landings of the group have averaged 17 500 tonnes
since 2000. These are made up primarily of: blue shark (Prionace glauca); unidentified
sharks, rays, skates, etc.; unidentified raja rays; shortfin mako (Zsurus oxyrinchus); and
Cape elephantfish (Callorbincus capensis); their landings peaked in 2007 at a total of
some 28 600 tonnes. Landings then declined to about 15 800 tonnes in 2009.

In recent years, there has been substantial interest in exploitation of the deep-sea
species of the Southeast Atlantic (Area 47), including orange roughy (Hoplostethus
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FIGURE B7.8
Annual nominal catches of selected species in
ISSCAAP Groups 42, 43 and 45, Southeast Atlantic
(FAO Area 47)
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atlanticus), alfonsino (Beryx splendens) and
Patagonian toothfish (Dissostichus eleginoides).
Landings of Patagonian toothfish have been
taken in the EEZ of South Africa at the
Prince Edwards Islands (Commission for
the Conservation of Antarctic Marine Living
Resources [CCAMLR] Subareas 58.6 and 58.7).
Therefore, they fall outside the geographic area
of this review. Almost all of the deepwater
fishing in the Southeast Atlantic has been
undertaken in Namibian waters. Landings of
alfonsino peaked at more than 4 000 tonnes in
1997 but declined thereafter. The average yearly
landings in the 2000s reached only 360 tonnes,
with just over 300 tonnes declared in 2009.
Declared landings of orange roughy reached a
peak of more than 18 000 tonnes in 1997, but

declined steadily after that to 380 tonnes in 2005. The declared landings for 2008 and

2009 did not reach 10 tonnes.

Several crustacean species support valuable fisheries in Area 47 (Figure B7.8). Geryon
crabs, dominated by the red crab (Chaceon maritae), are taken in both Namibian and
Angolan waters. Recorded landings of Geryon crabs peaked at more than 10 000 tonnes
in 1993 but fell in the following years, with average yearly landings in 2000-08 of
about 3 800 tonnes. The highest declared landings of crustaceans were of shrimps,
particularly the deep-water rose shrimp (Parapenaeus longirostris) and the striped red
shrimp (Aristeus varidens). Declared landings of deep-water rose shrimp were more
than 5 600 tonnes in 2001, the highest figure since the start of the 1990s. However,
the landings declined to 1 400 tonnes in 2005 and to 160 tonnes in 2009, probably as a
result of stringent management measures imposed on the fishery. The same pattern was
observed with landings of the striped red shrimp, which reached 3 400 tonnes in 2001,
the highest recorded since 1987. Landings declined to just over 360 tonnes in 2005 and
250 tonnes in 2009, after major fluctuations (reaching 1 200 tonnes in 2007).

The Cape rock lobster (Jasus lalandii) and southern spiny lobster (Palinurus gilchristz)
occur towards the south of the region, with the Cape rock lobster occurring on the west
coast of Namibia and South Africa, and the southern spiny lobster off the south coast
of South Africa. Annual landings of Cape rock lobster have levelled off under TAC
management at about 2 500 tonnes after a steady decline since the peak of more than
25 000 tonnes per year in the 1950s. Landings in 2009 were just over 2 100 tonnes.
Landings of southern spiny lobster, also managed by a TAC, were reasonably constant
between about 800 tonnes and 1 100 tonnes in the 1990s. They declined and became more
variable after 1999, with an average of 540 tonnes in the 2000s and about 370 tonnes in
2009. The island of Saint Helena also occurs in Area 47, and it has recorded landings
of Tristan da Cunha rock lobster (Jasus tristani) that have been quite stable, varying
between 300 and 500 tonnes, since 1980. The highest landings of more than 800 tonnes

were reported for 1972 and 1976.

The major fisheries for molluscs in the region are those for Cape Hope squid, also
known as chokka squid (Loligo vulgaris reynaundii), and perlemoen abalone (Haliotis
midae). The highest landings of squid were made in 1989 (10 730 tonnes) and, since then,
landings have shown considerable variability, as would be expected from a short-lived
species. Landings have varied from a peak of more than 7 500 tonnes in 1996 to a low of
2 800 tonnes in 1992 (Figure B7.9). Landings in 2009 were 10 100 tonnes. Landings of
abalone have declined fairly steadily since a peak of more than 4 000 tonnes in the mid-
1960s. They were maintained between about 550 and 750 tonnes from the mid-1980s to



B7. Southeast Atlantic — FAO Statistical Area 47

113

the very early 2000s, before dropping further to
reach only 60 tonnes in 2008. The introduction FIGURE B7.9
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more conservative management measures have

generally been put in place. At present, the most important resources are managed
either for sustainable yields or with a goal of encouraging recovery. The three countries
in the region have well-developed management systems in place for the fisheries
exploiting their most important stocks. Of the three countries, fisheries management
is least developed in Angola. However, it is still improving and further developing its
fisheries management system for the most important resources.

Nevertheless, in common with most fisheries in the world, substantial problems still
exist in many fisheries. There are varying underlying causes that include environmental
variability, scientific uncertainty and conflicting biological and socio-economic
objectives. Difficulties in MCS occur throughout the region. These are particularly
significant in some coastal fisheries where access and landings are difficult to control.
A documented example of this is the severe problems with illegal fishing that are being
experienced in the South African abalone (perlemoen) fishery. It has been difficult to
estimate the size of the illegal take, but an indication of the magnitude of the problem
is that, in 2006, more than 1 million abalone individuals were confiscated by the law
enforcement agency. It is estimated that the illegal catch of abalone exceeded the legal
commercial catch by more than tenfold in the past decade, with a total level that currently
exceeds 1 000 tonnes/year (DAFE, 2011). In addition, more than two-thirds of the
illegally caught abalone that were confiscated were below the minimum legal size. The
status of the abalone stock was considered too low to allow commercial exploitation
in 2008. A ban on commercial abalone fishing was imposed in February 2008, with a
re-opening in July 2010. In addition, recreational fishing of abalone has been forbidden
since the 2003-04 fishing season.

Small pelagic fish

The commercially important small pelagic stocks in all three countries are closely
monitored, both by recording commercial landings and by making use of regular
hydroacoustic surveys. In South Africa, the stocks of pilchard and anchovy are managed
on the basis of formal management procedures, which have negotiated decision rules
developed using rigorous simulation models of the fishery (Cochrane, Butterworth and
Payne, 1997; De Oliveira ez al., 1998). In Angola and Namibia, these stocks are managed
under a licence and TAC system that adjusts allowable catch annually depending on
the analyses of stock status. The status of the small pelagic resources of the region
varies from stock to stock, with current conditions apparently being generally more
favourable in the south and less so in the north.
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The November 2002 survey found the highest peak in the estimated biomass of South
African stock of Southern African pilchard (Sardinops sagax) since surveys started in
1985. The biomass estimated on that hydroacoustic survey exceeded 4 million tonnes.
However, the estimated biomass has declined to less than 500 000 tonnes in the period
since 2006. In the northern part of Area 47, north of the Liideritz upwelling cell, the
estimated biomasses have shown a clear increase in the most recent surveys. This is
probably mainly the result of good recruitment from the 2008-09 spawning season and
relatively higher survival of the adults. The improved biological conditions have been
supported by a strict control on landings imposed by Namibia and Angola. However,
the biomass is still at a very low level compared with the historical abundance.

The South African stock of anchovy is in a healthy condition. The biomass estimated
in the November 2009 survey was 3.8 million tonnes, close to the maximum values
observed since acoustic surveys for this species began. Fishing for Whitehead’s round
herring, which occurs mainly in South Africa, is not directly regulated at present. Recent
assessments have suggested that it is being underexploited. However, with the recent
increases in landings of the species, this approach is currently being re-examined.

The biomass estimates for Angolan waters of the two species of sardinella combined
has shown a recovery from the 1990s. There was a period of substantial variability
in the 2000s, with a minimum of about 250 000 tonnes in 2005 and a maximum of
about 700 000 tonnes in 2007. Recently, landings have fluctuated about 500 000 tonnes,
without any clear trend. In the late 1990s, flat sardinella dominated the landings and
the estimated biomass. However, this situation was reversed in 2004, and the most
recent acoustic surveys off Angola in March/April 2011 indicated that round sardinella
represents about 60 percent of total biomass (INIP, 2011). The latest assessments indicate
that the stocks of these two species are probably not fully exploited. However, there is a
need for continuing monitoring of these stocks, particularly in view of the uncertainty
about the magnitude of landings taken by the artisanal fisheries and the fast growth of
this subsector since 2002 (INIP, 2011).

The stock structure of the Cape horse mackerel population of the Southeast Atlantic
(Area47) is not clear. For management purposes, horse mackerel are treated in the same
way as sardine, with the stock from southern Angola and Namibia separated from that
of South Africa by the upwelling cell off Liideritz.

The South African stock is managed by a catch limit on adults on the Agulhas Bank
and a bycatch limit on juveniles taken in the pelagic fishery on the west coast. The adult
catch limit has rarely been fully subscribed in recent years, and the species is generally
considered to be underutilized. However, the individuals captured by the existing
fishery tend to be appreciably smaller than those landed in the period of high landings
in the 1950s, warranting some care in its management.

The northern stock is an important contributor to the national fishery of Namibia,
where it is fished by mid-water trawl and a purse-seine fleet. In Angola, since 2007,
only purse seines are allowed to target horse mackerel. The abundance of this stock
has been fluctuating appreciably. In Namibia, an all-time-low stock biomass of about
500 000 tonnes was estimated in 2007, but this recovered to more than 1.2 million tonnes
in 2009 and 2010. The stock is currently considered to be fully exploited (MFMR, 2010).

The Cunene horse mackerel is the most important pelagic species north of
the Angola—Benguela front. This is not only in total biomass, but also owing to its
importance as food for the Angolan population. Biomass estimates from the winter
surveys show a similar trend to that of the sardinellas, with an increase in the mid-
1990s from the lower levels in the 1980s. However, recent survey estimates indicate a
drastic decrease in biomass, particularly affecting the adult part of the population, to
as low as 60 000 tonnes in 2008 (INIP, 2011) Commercial vessels could not catch their
Cunene horse mackerel quota in 2009. The latest assessments indicate a state of severe
growth overfishing, but good recruitment was still visible in the surveys (INIP, 2011).
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A total ban on targeted fishing of Cunene horse mackerel came into force in 2010. This
ban was partially lifted in 2011, but the state of the stock and the fishery is very closely
monitored (INIP, 2011).

Large pelagic fish

Fisheries targeting tuna and tuna-like species (ISSCAAP Group 36) are also important
in Area 47. These species attract several distant-water fishing nations in addition to
participation by the coastal States. Large pelagic species caught include bigeye tuna
(Thunnus obesus), albacore (Thunnus alalunga), swordfish (Xiphias gladius), southern
bluefin tuna (Thunnus maccoyii) and a number of other species.

Both Namibia and South Africa have developed draft national plans of action
(NPOAs) in accordance with the IPOA-Sharks, and Angola is preparing its National
Plan. The ICCAT is responsible for the assessment of these species and stocks and for
the management of fisheries exploiting them. These stocks are discussed in Chapter C2
of this report.

Demersal fish

Hakes

The Cape hakes are found in Namibia and South Africa, and Benguela hake (M. polli)
occurs north of the Cunene River, the border between Namibia and Angola. Each State
manages the fisheries occurring inits own EEZ. The shallow-water Cape hake (M. capensis)
dominates the landings from Namibia, and is still dominant in landings from the south
coast of South Africa. The deep-water Cape hake (M. paradoxus) is an increasingly
important component of landings from Namibia and dominates landings from South
Africa’s west coast. However, the two species are not identified separately in commercial
landings. Until recently, South Africa assessed the two as a single stock because of
difficulties in separating the two Cape hake species in commercial landings (Payne
and Punt, 1995). However, separate assessments are now being undertaken. Recent
assessments indicate that the stock of M. capensisin South African waters can be considered
as fully exploited, while that of M. paradoxus is strongly overexploited (DAFF, 2011).

The assessments in Namibia are currently undertaken on both species combined and
make use of commercial CPUE information and the results of research surveys. Survey
results in the past decade have shown little overall trend. However, following a peak in
1998, there was a decline in survey estimates of biomass until 2004. The introduction
of drastic management measures in 2006 included important TAC cuts. These measures
have probably helped the stock make the best use of the strong M. capensis 2002-04
and 2007 year classes. By 2008-09, the hake biomass (the two species combined) was
estimated to be more than 1 million tonnes (MFMR, 2010).

Benguela hake is captured in Angola, mostly as bycatch of the important deep-sea
shrimp fishery. Catch rates and survey abundance estimates have declined strongly since
2004. The stock is now considered to be overexploited, although not yet drastically so
(INTP, 2011).

Otbher demersal fish

Demersal and coastal fisheries in the region exploit a wide range of species that
vary markedly in a north-south gradient. Off Angola, the species composition of
demersal assemblages shows important changes in a north-south direction. The
fauna is predominantly subtropical-temperate off southern Angola, and tropical and
more diverse in the central and northern parts, separated by the Angola-Benguela
Front (Bianchi, 1992). Seabreams (Sparidae) and croakers (Sciaenidae) are prominent
components of the fauna both in abundance and economic terms. In the southern shelf
(south of Benguela), large-eyed dentex and African weakfish are the main species.
Biomass estimates for both species have dropped substantially in recent years (INIP,
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2011). A decrease in seabream biomass (including several species of Dentex and Sparus)
was also observed in the central region. However, the biomass estimates seem to be
more stable in the region north of Ponta das Palmeirinhas (INIP, 2011). Reacting to this
decline in major demersal fish species, Angola has reinforced the restrictions on bottom
trawl fishing and reduced the number of licences and the TACs for these species.

In South Africa, more than 200 species make up the landings from the line fishery
(Verheye, 1998). Of these, 20 species can be considered economically important
(Griffiths, 2000). However, South African landings of species such as seventy-four
seabream (Polysteganus undulosus), red steenbras (Petrus rupestris), African weakfish
(Atractoscion aequidens, known locally as geelbek) and others have fallen considerably
since the 1960s when line-fish landings peaked. It is now considered that most of
the major line-fish stocks are overexploited. The exceptions are probably snoek and
yellowtail, which have been evaluated as being fully exploited (DAFF, 2011). The
situation is similar in Namibia, where the authorities have decided to limit severely the
capture of kob to give the stock a chance to recover (MFMR, 2010). South Africa has
also introduced stringent regulations to recreational and coastal net fishing, aiming at
recovering these important stocks (DAFF, 2011).

In Namibia, the 2009 swept-area survey indicated an appreciable increase in total
biomass of monkfish (Lophius vomerinus). Large-sized fish were also present in the
population. These had not been seen during the surveys made in the previous three
years. This suggests that there has been a partial recovery of the stock (MFMR, 2010).

Crustaceans

Tagging results suggest that there is a single stock of deep-sea red crab (Chaceon
maritae) shared between Namibia and Angola. Assessment of the stock indicates that it
is currently overexploited, but probably recovering slowly (MFMR, 2010). The Angolan
stocks of deep-water rose shrimp (Parapenaeus longirostris) and striped red shrimp
(Aristeus varidens) are intensively exploited. This is despite a ban of foreign fishing
that has been in place since 2004 after a period of marked decrease in abundances. Both
stocks are considered to be fully exploited, although very intensively (INIP, 2011).

The Cape rock lobster (Jasus lalandii) has been the subject of intense monitoring
and assessment for almost a decade, following a sudden decline in somatic growth
rates, hence, in productivity in the late 1980s. Current estimates are that the South
African stock has undergone a major decline since landings peaked in the 1950s. The
resource is currently estimated to be strongly overexploited (DAFF, 2011). As a resul,
a formal management procedure was implemented in 1997 to rebuild the stock to
healthier levels, defined as pre-1990. After a major decrease in 2006 and a cut in TACs
in the subsequent fishing seasons, stock abundance and growth seem to have started
recovering in 2009. There are still concerns about increasing illegal fishing and this may
jeopardize the recovery. In Namibia, the CPUE from the commercial fishery showed
a modest growth in 2009 compared with 2008, as did the average size of the lobsters
exported. However, recruitment seems to have been appreciably lower. Care is thus
justified in the management of this stock (MFMR 2010).

The other important crustacean stock in Area 47 is the southern spiny lobster
(Palinurus gilchristi). This is estimated to have declined continuously between the
1988-89 season and 1998-99. Since then, the stock seems to have recovered, probably
helped by a reinforcement of management measures introduced in 2000 and 2001.
These measures included a reduction in the number of vessels active in the fishery by
30 percent. The species is now considered to be fully exploited (DAFF, 2011).

Molluscs
The major mollusc fisheries in Area 47 are those for Cape Hope squid, locally known as
chokka squid (Loligo vulgaris reynaundi) and abalone (Haliotis midae) in South Africa,
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and for cuttlefish (Sepia officinalis hierreda) in Angola. The abundance of the squid and
cuttlefish tends to vary strongly depending on environmental conditions owing to their
short life span. In contrast, the long-lived abalone shows less interannual variability
in abundance. Recent assessments of the chokka squid have indicated that the stock is
fully exploited. Current management is based on a cap on effort and closed seasons.
These measures aim at restricting effort to a level that secures the largest landings in
the long term, while maintaining the stock at a level that does not risk recruitment
reduction (DAFE, 2011). There are no formal assessments of the cuttlefish stock
exploited in Angola. The artisanal fishery is based on spawners and it is not showing
signs of concern, thus leading to the conclusion that the stock is not overexploited.

The prognosis for the stock of abalone in South Africa is pessimistic given the current
scale of illegal harvests. In recent years, a new, ecological problem has also emerged. In
the early 1990s, west coast rock lobster moved into a significant part of the range of
abalone. The lobsters reduced the local population of sea urchins (Parechinus angulosus),
which they feed upon. Sea urchins provide important shelter for juvenile abalone and
their disappearance from the area has exposed the young abalone to predation by the
lobsters and other predators. This has negatively affected the reproductive success of the
stock (Mayfield and Branch, 2000; Tarr and McKenzie, 2002). The fishery was closed
between February 2008 and July 2010, but poaching is estimated to have continued.
Poaching still continues at a high level, despite a reduction between 2002 and 2009. The
most recent assessments (DAFF, 2011) indicate that, if poaching continues at the current
level, the stock will continue to decrease. The assessments also indicate that spawner
biomass could recover quickly, at least for the southern coast (where the lobster is not
a problem), if poaching could be stopped.

Deep-sea resources

Deep-sea resources in the region have only been exploited commercially on a significant
scale in Namibia. The country has taken a cautious approach to the development of
a fishery for its deep-sea resources, which started with a small experimental fishery
in 1994. Recent assessments for orange roughy suggested that the high landings of
the early period in the development of the fishery would not be sustainable. Thus, a
precautionary management scheme has been implemented. This scheme has established
four quota management areas, with a separate TAC for each area. Few data are available
for alfonsino, butitis expected that, as with orange roughy, the yield will be considerably
less than the initial TAC.

In response to the need to manage the deep-sea resources of the Southeast Atlantic
in a rational and responsible manner, the coastal States of the region (Angola, Namibia,
South Africa, and the United Kingdom of Great Britain and Northern Ireland [on
behalf of Saint Helena and its dependencies Ascension and Tristan de Cunha]) took
the initiative to begin negotiations for the establishment of an REMO, the South East
Atlantic Fisheries Organisation (SEAFO) in 1997. The organization was established
within the framework of the 1995 UN Agreement on Straddling Fish Stocks and Highly
Migratory Fish Stocks. The EU, Iceland, Japan, the Republic of Korea, Norway, Poland,
the Russian Federation, Ukraine and the United States of America also participated in
the negotiations as Interested States.

The region managed by SEAFO includes a substantial portion of the high seas of the
Southeast Atlantic (Area 47). It covers alfonsino, orange roughy, armourhead grenadier,
wreckfish, deepwater hake and red crab. The agreement was signed on 20 April 2001
and came into force in 2003. As of 10 March 2011, the contracting parties to the SEAFO
Convention are Angola, EU, Japan, the Republic of Korea, Namibia, Norway and
South Africa. This organization is still in the early stages of development and some time
will be needed before measures taken within its framework can be evaluated.
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INTRODUCTION

The Western Indian Ocean (Figure B8.1) has a surface area of about 30 million km?, of
which about 6.3 percentis continental shelf. It encompasses regions with greatly differing
oceanographic and fishery resource characteristics. Within the Western Indian Ocean,
the Northwest Arabian Sea is influenced by both northeast and southwest monsoons,
and it includes extremely productive areas because of nearly continuous upwelling off
the Oman coast (Sharp, 1995). Areas with seasonal upwelling occur off the coast of Iran
(Islamic Republic of), Pakistan in the Gulf of Oman, and the Indian coast along the
Arabian Sea. These seasonal upwellings also result in periods of high productivity. Two
extensions to the Western Indian Ocean, the Persian Gulf and the Red Sea, represent
different marine environments compared with the rest of the Western Indian Ocean.
However, these environments and their fisheries as still connected with the rest of the
Western Indian Ocean.

The Persian Gulf is a shallow enclosed waterbody characterized by high-temperature
highly saline waters. The target species of fisheries in this region are associated with reefs
and shallow tropical seas. Water enters the Persian Gulf from the Gulf of Oman, forming
a counter-clockwise gyre. These waters exist as a submerged denser, warmer and more
saline water mass moving towards the centre of the Indian Ocean. The Persian Gulf is
shallow; no part is deeper than 200 m and much of the north and west of the Persian Gulf
is less than 50 m deep. It is fringed with extensive coral areas on the Arabian side.

FIGURE B8.1
The Western Indian Ocean (FAO Area 51)
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Mostof theriver discharge into the Persian Gulf is concentrated in the north, primarily
from Iraq and Iran (Islamic Republic of) (Hamza and Manawar, 2009). This discharge
provides important nutrients to support the primary productivity in the region. The
increased diversion of water flowing into the Shatt al Arab at the confluence of the
Tigris and Euphrates Rivers is of continuing concern to the Persian Gulf countries.
This reduction in freshwater inflow, and thus nutrients, has arisen from human-made
changes. The main change has come from drainage of marshes near the opening of the
Shatt al Arab with the Persian Gulf, although there has also been diversion of water
in Turkey and other countries further upstream (Al-Yamani, 2007). Ecological theory
predicts that this must affect the biological productivity of the Persian Gulf but no
information exists to quantify the consequences.

In the Red Sea, narrow continental shelves on both sides and its enclosed nature also
create unique fisheries situations. Extensive demersal resources are primarily found on
the wider continental shelves off the Eritrean coast (around the Dahlak Archipelago)
and along the southern Red Sea coast of Yemen. The Gulf of Aden and Somali coasts are
also monsoon-influenced upwelling areas that have seasons of high productivity.

In the Western Indian Ocean, there are two regional fisheries bodies with their zones
of competence entirely within Area 51. The first is the Regional Commission for Fisheries
(RECOFI), covering the Persian Gulf and the Gulf of Oman. While the second, the
Southwest Indian Ocean Fisheries Commission (SWIOFC), consists of the countries along
the east coast of Africa from Somalia to South Africa. The eastern Arabian Sea (the western
coast of India, Pakistan and partly Maldives) and the Red Sea and Gulf of Aden are not
covered by these two regional commissions. Also present in the Western Indian Ocean is
the Indian Ocean Tuna Commission (IOTC), which is responsible for the management of
tunas and tuna-like species across the entire Indian Ocean. For the non-tuna species found
outside of national jurisdictions, the South Indian Ocean Fisheries Agreement made in
2006 seeks to promote the long-term sustainable management of fisheries.

The coastal waters in the eastern Arabian Sea are the most productive in Area 51,
producing more the 60 percent of the total catch of the Western Indian Ocean. The
RECOFI countries contributed about 20 percent, the SWIOFC countries along the
African continent 10 percent and the Red Sea and the Gulf of Aden the remaining
10 percent. Fisheries in these four regions have diverse and unique characteristics.

Myctophids, or lantern fishes, are abundant in the Oman Sea (FAO, 1998). Iranian
scientists estimated the total biomass of lantern fishes at 2.3 million tonnes in their
waters based on acoustic surveys (Valinassab et al., 2006, Valinassab, Pierce and
Johannesson, 2007). A similar biomass (1.9 million tonnes) was also estimated in Omani
waters (FAO, 2011a). The possible development of a meal fishery for lantern fishes has
attracted much attention recently. An Iranian company began trial fishing with paired
vessels that purse-seined as close as 400 m from shore. However, the company found
that it was commercially non-viable (Valinassab, Pierce and Johannesson, 2007).

Piracy and IUU in Somali waters and beyond are a serious concern. According to
the High Seas Task Force, there were more than 800 IUU fishing vessels in Somali
waters in 2005 taking advantage of Somalia’s inability to police and control its own
waters and fishing ground. These IUU vessels were estimated to have taken more than
US$450 million a year of fish (African Prospects, 2009).

In the Red Sea, ecotourism is an increasingly important activity in the two northern
gulfs as well as in Eritrea. The beauty (and economic potential) of the coral reefs is being
increasingly appreciated. Nearby, the fisheries situation in Somalia remains dismal with
the country lacking even the most basic estimates of catches.

PROFILE OF CATCHES
Marine fisheries catches in the Western Indian Ocean were about 0.5 million tonnes
per year in the 1950s. They reached a peak of 4.2 million tonnes in 2006 and have since
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FIGURE B8.2
Annual nominal catches by ISSCAAP species groups for the Western Indian Ocean
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dropped back slightly in the last few years (Figure B8.2, Table D9). The fastest growth
in catch was seen from the mid-1980s to the mid-1990s. Growth was most pronounced
in ISSCAAP Group 33 (miscellaneous coastal fishes, dominated by croakers and drums,
and Bombay-duck), Group 36 (tunas and billfishes) and Group 39 (marine fishes not
identified).

Based on mean annual catches, miscellaneous coastal fishes (Group 33) make the
largest contribution, accounting for 20 percent of the total catch of the West Indian
Ocean (Figure B8.2). This group is dominated by croakers and drums NEI. These
species groups had a jump in catch in the mid-1970s and a fast increase in catch from the
mid-1980s to the mid-1990s. Catch peaked at 300 000 tonnes in 1999 and then declined
linearly back to 200 000 tonnes by 2009 (Figure B8.3). The second largest specie of the
Group 33 species is Bombay-duck. Landings of this species showed a step-wise increase
in the mid-1950s and 1970s, and in the late 1990s and 2000s. The most recent catch was
160 000 tonnes in 2009.

Tuna and tuna-like species (Group 36) are the second-largest group in the West
Indian Ocean and account for about 17 percent of the total catch (Figure B8.2). Skipjack
tuna, yellowfin tuna, bigeye tuna and narrow-barred Spanish mackerel are the major
species caught. Skipjack tuna had the largest

catch, 500 000 tonnes in 2006, which dropped
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FIGURE B8.4
Annual nominal catches of selected species in
ISSCAAP Group 36, Western Indian Ocean
(FAO Area 51)
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Marine fishes not identified (Group 39)
accounts for 16 percent of the total catch in
the Western Indian Ocean. Group 35 species
(herrings, sardines, and anchovies) make a slightly
smaller contribution of about 15 percent. Indian
oil sardine is the major species of this latter group
and annual catches of about 200 000 tonnes
were made between 1965 and 1995. This has
increased to about 300 000 tonnes in the last ten
years (Figure B8.5). A pelagic species, its catch
fluctuates widely between years. Clupeoids NEI
were the second-largest species group, with
a catch of less than 20 000 tonnes in the early
1950s. This increased to 60 000 tonnes in the early
1970s, and decreased in the late 1970s. The catch
of clupeids NEI recovered rapidly in the 1980s
to a peak of nearly 150 000 tonnes in 1992 but
has since dropped back to 60 000 tonnes in 2009
(Figure B8.5). The catch of Indian mackerel does
not show clear trends (Figure B8.5), but it has
fluctuated widely over the years with the highest
catch of 300 000 tonnes in the mid-1990s.

Shrimps and prawns (Group 45) accounted
for 9 percent of total landings in the Western
Indian Ocean. The four largest species groups
in this category are natantian decapods NEI,
glant tiger prawn, Parapenaeopsis shrimps
NEI, and Panaeus shrimps NEI. The catch of
the natantian decapods NEI group increased
suddenly from about 5 000 tonnes in the late
1960s to 200 000 tonnes in the mid-1970s,
but then showed an extended decline to
100 000 tonnes in 2009 (Figure B8.6). Giant tiger
prawns were recorded in the catch only after
1990. The peak catch of about 200 000 tonnes
was seen in 1995 and the most recently reported
catch was 100 000 tonnes in 2009. Parapenaeopsis
and Panaens shrimps are also important species
groups in this category, with peak landings of
20 000 tonnes and 10 000 tonnes, respectively
(Figure B8.6). However, both species groups
showed large declines in catch after 1990, and
the 2009 catches were only half those of the
peak period in the 1980s and 1990s.

Eastern Arabian Sea: India, Pakistan and
Maldives

Reported catches for the eastern Arabian Sea
reached a peak of 2.6 million tonnes in 1996
and have been roughly stable at this level
since (Figure B8.7). This region accounts for

more than 60 percent of the total catches of Area 51. India is the greatest contributor,
producing about 2.5 million tonnes a year, and Pakistan and Maldives recently landed
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400 000 and 100 000 tonnes, respectively. India’s
catches have stagnated since reaching a peak in
1996. In contrast, Pakistan has seen its catch
decline by about 10 percent from the peak of
0.5 million tonnes in 1992, and Maldives dropped 30,
by about 40 percent from 200 000 tonnes in 2005
to 120 000 tonnes in 2009.

The top ten categories landed in Area 51 | "india
were: marine fishes NEI, Indian oil sardine,
croakers and drums NEI, natantian decapods
NEI, Bombay-duck, Indian mackerel, sea
catfish NEI, skipjack tuna, giant tiger prawn,
and anchovies, etc. NEI Pelagic or mesopelagic
species dominate the catches of the top ten

FIGURE B8.7
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species caught in Area 51, such as Indian oil
sardine, Indian mackerel, and anchovies, show large fluctuations without a clear trend
in catch. Clear declines in landings have been seen in the last decade for croakers and
drums, natantian decapods NEI, and Indian mackerel.

The RECOFI area: Persian Gulf and Gulf of Oman

The RECOFT area showed a steady increase in overall catch from 350 000 tonnes in
1986 to about 700 000 tonnes in 2006. This has been followed by a small drop in total
catch in the last three years (Figure B8.8). The Persian Gulf is part of the RECOFI area,
and among the nine countries in RECOFI, only Iran (Islamic Republic of) and Oman
undertake fishing both in and outside the Persian Gulf. In terms of catches, about half
were captured inside the Persian Gulf and the other half from the Gulf of Oman and
the Arabian Sea.

Iran (Islamic Republic of) is the largest fishery country in the RECOFI area and
its catch reached 350 000 tonnes in 2009 followed by Oman (160 000 tonnes), Saudi
Arabia (43 000 tonnes) and Bahrain (16 000 tonnes). Kuwait had the lowest catch
among the RECOFI countries. Most countries, except Kuwait and the United Arab
Emirates, have experienced a continuous increase in catch since the catch statistics for
the RECOFI area began being recorded separately in 1985. Kuwait recorded the highest
catch of 10 000 tonnes in 1987 and has since

seen its catch decline gradually to 4 000 tonnes
in 2009. The catch is now below half of its peak.
Similarly, the United Arab Emirates reached a
peak of about 120 000 tonnes in 1999 and then
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in 2009. = Kowait

ISSCAAP Group 36 (tunas, bonitos, billfishes) 700\ msaudidrabla

is the largest category in the RECOFI area and 600 2 Pan Gslamic Republic of
contributes 25 percent of total catches. This is N
followed by ISSCAAP Group 33 (miscellaneous

coastal fishes) with 20 percent, Group 39 (marine
fishes not identified) 19 percent, Group 37
(miscellaneous pelagic fishes) 13  percent, 200
and Group 35 (herrings, sardines, anchovies) 100

FIGURE B8.8

Thousand tonnes
5
o
o

Annual nominal catches of countries in RECOFI area

11 percent. The composition of the catch is
dominated by mostly pelagic species, including
Indian oil sardine, yellowfin tuna, longtail tuna,

0
1986 1989 1992 1995 1998 2001 2004 2007 2009




126

Review of the state of world marine fishery resources

400

Thousand tonnes
—_ -_ N N w w
o w1 o w1 o w
o o o o o o

v
o

Total annual nominal catches in Red Sea and Gulf of

skipjack tuna, narrow-barred Spanish mackerel,
and pelagic percomorphs NEI. Some demersal
species are also caught and these groups included
emperors NEI, groupers and sea basses NEI,
and kawakawa.

FIGURE B8.9

Aden area

Total catches
The Red Sea and Gulf of Aden

Reported catches from this subarea were under
50 000 tonnes in 1950, but steadily increased
sevenfold to 350 000 tonnes in 2004. However,
a sharp fall was seen after that time, and only
200 000 tonnes were recorded in 2009 (Figure
B8.9). The largest fishery country in this region
is Yemen, which recorded its highest catch of
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with a record catch of 80 000 tonnes in 2000,
followed by Saudi Arabia (40 000 tonnes in 1985) and Eritrea (12 000 tonnes in 2000).
Jordan has the lowest landings in the Red Sea (about 200 tonnes in 2009).

In the Red Sea and the Gulf of Aden, 35 percent of landings come from ISSCAAP
Group 37 (miscellaneous pelagic fishes), 19 percent from Group 33 (miscellaneous
coastal fishes), 12 percent from Group 39 (marine fishes not identified), 11 percent from
Group 36 (tunas, bonitos, billfishes), and 6 percent from Group 35 (herrings, sardines,
anchovies).

In terms of species groups, pelagic percomorphs NEI remained as the main reported
species group, indicative of the poor statistical reporting practices in FAO Statistical
Subarea 51.1. This group reached a peak catch of 120 000 tonnes in 2004, but dropped
back to 40 000 tonnes in 2009. The next-largest species group was equally unidentified,
marine fishes NEI, which had its highest catch of about 50 000 tonnes in 1999 and
declined back to 20 000 tonnes in 2009. These two categories constitute about 30 percent
of the total landings for this subarea. The following eight categories in order of landings
are demersal percomorphs NEI, yellowfin tuna, emperors NEI, cuttlefish and bobtail
squids NEI, narrow-barred Spanish mackerel, Indian mackerel, groupers and sea basses
NEIL and Penaeus shrimp NEI. Of the top ten species groups, all showed large declines
except Indian mackerel. For example, Penaens shrimps NEI landings were about
9 000 tonnes in 1998, but only about 400 tonnes in 2009.

The SWIOFC area (from Somali to South Africa)’

The SWIOFC countries had few marine fisheries in the 1950s, landing only 30 000 tonnes in
total (Figure B8.10). Since then, the catches from most countries have increased steadily. The
fastest growth occurred from the 1980s to the early 2000s, reaching about 400 000 tonnes
in 2005. Total catch has declined by about 10 percent in the last four years.

Madagascar and Seychelles are the countries with the largest catches, landing
120 000 tonnes and 100 000 tonnes, respectively, in 2009. Their catches were
substantially larger than others in the SWIOFC, with the United Republic of Tanzania
(50 000 tonnes) and Somalia (27 000 tonnes) having the next largest fisheries. Fisheries
development trends differ significantly between countries. They can be grouped into
three categories. For some countries such as the Comoros, Madagascar, Mozambique
and Somalia, catches seem to have stagnated, reflecting the absence of any catch
assessment for more than a decade. Mozambique’s catch also appears to have stagnated

! Although a member of the SWIOFC, Maldives is not included in this area. It is included in the eastern
Arabian Sea because: (i) geographically it is closer; (ii) it has similar characteristics to upwelling
ecosystems along the coast of India; and (iii) most of its EEZ is outside the SWIOFC area.
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and is in the process of review. The second
group of countries have declining catches, FIGURE B8.10
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Group 45 (shrimps, prawns) 8 percent. The fact
that 45 percent of total landings are unidentified marine fishes shows the poor quality
of catch data in Area 51. There is a great need for better estimates of catch composition
from the Comoros, Madagascar and Somalia.

The major ten species groups caught in Area 51 are marine fishes NEI, skipjack
tuna, yellowfin tuna, emperors NEI, Penaeus shrimps NEI, natantian decapods NEI,
sardinellas NEI, carangids NEI, demersal percomorphs NEI, and narrow-barred
Spanish mackerel. Declines in landings have been apparent in emperors NEI, Penaens
shrimps NEI, and demersal percomorphs NEI at various times and more recently.
Other species groups, such as Indian mackerel, have shown a continuing increase trend
in catch, with large fluctuations for some species.

RESOURCE STATUS AND FISHERY MANAGEMENT

The capacity of data collection, stock assessment and fishery management in the
Western Indian Ocean is generally poor in comparison with other regions. It also
differs markedly between countries within the region. In the eastern Arabian Sea, India
has estimated fish landings since the 1950s through stratified random sampling. The
assessment of coastal stocks is undertaken by the Central Marine Fisheries Research
Institute based on commercial fish catches. Assessments of oceanic stocks are made
from exploratory surveys by Fishery Survey of India (Vivekanandan et al., 2010).

In the RECOFI, Kuwait has a rigorous research and monitoring programme for
commercially valuable species such as shrimps. Catches of shrimps are estimated by
systematic sampling of vessel landings at port. The start of the shrimp fishing closure is
determined for each fishing season by monitoring the catch rates of commercial vessels
(Ye, 1998). Iran (Islamic Republic of) and Oman have also progressed in the last decade
in terms of fisheries data collection and stock assessment.

In the SWIOFC, Seychelles has a stratified sampling system to collect catch data.
This system has been run since the mid-1980s through a series of catch assessment
surveys undertaken by the Seychelles Fishing Authority (Skewes, Ye and Burridge,
2005). Almost all countries in Area 51 have a vessel licensing system in place, and most
countries also use a minimum fish size limit as a management measure. In contrast,
very few fisheries have a management plan. In the SWIOFC, only about 11 percent of
fisheries have management plans (FAO, 2011Db).

The assessment of fish stock status in the Western Indian Ocean (Area 51) is shown
in Table D9. This assessment is complicated in that many countries continue to have
difficulties in collecting accurate catch data. In some cases, countries have attempted to
estimate catches by extrapolating from earlier years. When this process is continued for
an extended period such as in the Comoros, Madagascar and Somalia in the SWIOFC,
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and the Sudan in the Red Sea, significant biases will occur. How large the bias could be
in these countries is uncertain. The poor quality of catch data coupled with the poor
capacity for stock assessment and fisheries management leads to the poor knowledge
of stock status in this region. This in turn hinders the development of management
plans for most fisheries. This is a vicious circle that must be addressed for the long-term
sustainability of fisheries in the Western Indian Ocean.

Eastern Arabian Sea: India, Pakistan, Maldives

The three largest fisheries on the west coast of India are Indian oil sardine (Sardinella
longipes), Bombay-duck and shrimp or prawn fisheries. The Indian oil sardine fishery
occurs on both the west and east coasts of India although itis concentrated in large shoals
along the southwest coast of Kerala and Mysore. The fishery, which in 2001 landed
288 000 tonnes from the west coast, is a mixed artisanal/industrial fishery and utilizes
dugout canoes (Kerala coast), out-rigger vessels (Maharashtra and Karnataka coasts)
and purse seiners (offshore areas) to take the fish. The fishery fluctuates significantly
from year to year in response to oceanic conditions and particularly the abundance of
phytoplankton blooms (Fragillaria oceanica, Coscinodiscus spp. and Pleurosigma spp.).
These blooms and the extent of upwelling along the southwest coast of India that
support them appear to be the major drivers of sardine productivity. As a consequence,
there has been little concern about the status of the stocks despite rising levels of fishing
effort. The stock is currently assessed as underexploited (Vivekanandan er al., 2010).

The fishery for Bombay-duck (Harpodon nehereus) contributes about 10 percent of
the average national landings in India and, in 2001, 143 000 tonnes were landed along
the west coast. The species has a wide and discontinuous distribution along both the
east and west coasts of India. However, the northwest coastal states of Gujarat and
Maharashtra contribute the largest catches. Fishing methods used to take Bombay
duck vary between regions. The status of the stock of Bombay-duck is estimated to be
fully exploited (Vivekanandan et al., 2010). Spawning and recruitment appear more or
less continuous on the west coast, although peaking in the monsoon period between
September and December.

The prawn or shrimp fisheries of the west coast of India target a large number of
both penaeid and non-penaeid species. In Kerala in the southwest and along the west
coast, Penaeus indicus, P. monodon, Metapenaeus dobsoni, M. monoceros, M. affinis,
Parapenaeopsis stylifera, P. sculptillis and P. hardwickii are the major contributors to
the catch. The species mix is dependent both on location and on the seasonal monsoons
in coastal waters. Most shrimp fisheries on the west coast are subject to exploitation
throughout their life cycle. There are large, traditional fisheries for juveniles occurring
in the backwaters and estuaries of Kerala and other states and both traditional and large
mechanized trawl fisheries for adults in offshore waters. The overall stock of shrimps is
believed to be fully exploited (Vivekanandan et al., 2010).

The Coastal Fishing Policy in India has an open-access regime, which has resulted in
a sector with many entrants exploiting coastal marine resources at and beyond their full
potential. Pakistan’s landings of marine fish have been about 0.5 million tonnes in the
last few years and marine capture fisheries employ about 379 000 fishers (Jarwar, 2008).
However, it is not known how many vessels are operating at the moment. Pakistan
seems to be lacking in terms of fishery data collection and management. Very little is
known about the state of fish stocks in Pakistan’s territorial waters.

The RECOFI area

Fishing in the RECOFI is done using motorized dhows and sambuks, smaller wooden
vessels and industrial-style trawlers. Nearly all of these still use ice to preserve their
catch. Trawling has been banned in Qatar and the United Arab Emirates. Iran (Islamic
Republic of) has also severely limited the use of trawlers inside the Persian Gulf, where
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such fishing is only permitted during the shrimp fishing season. The Iranian industrial
trawl fishery that used to operate within the Persian Gulf is now restricted to fishing in
the Gulf of Oman and the northwest Arabian Sea.

Accurate information on the state of individual stock and species continues to remain
difficult to obtain, where it exists at all. This is because of the common practice of
reporting catches in a highly aggregated form. The available catch data suggest that most
fish groups are fully exploited. Three resources remain of major concern in Area 51:
Spanish mackerel, shrimp (various Penaeid and Metapenaeid species) and a range of
percid fishes, particularly groupers.

The average total annual landings of shrimps and prawns in the subarea were about
15 000 tonnes before 2005, while fluctuating between 10 000 and 20 000 tonnes. They
then increased to 25 000 tonnes in 2009. Most species are considered fully exploited,
but not overfished when information from the trend in catch, biology of shrimps and
prawns and the seasonal closure in most countries is considered.

Kingfish (Scomberomorus commerson; Scombridae) is a popular target and it is
commercially important in the RECOFI area. The total catch in the RECOFI countries
reached a peak of 44 000 tonnes in 1988, but then dropped gradually to 15 000 tonnes
in 2009. Because of the large volume and high value of the kingfish landings, scientific
research on the fishery has boomed in the last few years. All the studies in Iran (Islamic
Republic of) (Shojaei er al., 2007), the United Arab Emirates (Grandcourt ez al., 2005),
and Oman (Govender et al.,2006; Meriem, Al-Marzougqi and Al-Mamry, 2007) conclude
that kingfish is overfished.

The countries of the Gulf Cooperation Council (GCC) met in Oman in February
2010 and agreed on a two-month (15 August-15 October) closure of fishing each year
and a minimum landing size of 65 cm (fork length). This is the firstinitiative for a regional
fishery regulation in the RECOFI area. However, Iran (Islamic Republic of) was not
involved in this effort. It currently catches about 10 000 tonnes of kingfish, which is
about two-thirds of the total of the GCC countries. Kingfish is a highly migratory
species, and it is believed that the Persian Gulf, the Gulf of Oman and the Arabian
Sea share a single stock (Hoolihan, Anandh and van Herwerden, 2006). Regulatory
measures that are not implemented on the whole kingfish stock will not be effective or
achieve the long-term sustainability of the fishery.

The most important group caught in the region are tuna and tuna-like species. These
fishes form the largest catch component in the RECOFT area and their status can be
found in Chapter C1. Another species group that may deserve special attention in terms
of management are groupers. The catches of these species have declined dramatically
since the early 2000s and are currently of great concern.

The Red Sea and Gulf of Aden

The overwhelming majority of fisheries in the Red Sea are small-scale and artisanal
industries. These fisheries operate near the coast and catch a wide variety of demersal
species. Fishing operations in the Red Sea range from foot fishers, who fish from land
mainly for their own consumption, to very large trawlers with freezing facilities. The
most commonly used types of fishing gear are handlines and gillnets operated from
boats equipped with outboard (i.e. houris) and inboard (i.e. sambuks) engines. Red Sea
fisheries are typical multigear and multispecies tropical fisheries with fishing vessels
between 5 and 20 m in length.

The nature of multispecies and multigear tropical fisheries in this subarea, together
with the poor quality of catch statistics, makes stock assessment difficult. The landings
of all the top ten species groups have declined in the last few years, with the exception
of Indian mackerel. Therefore, with the exception of some small pelagic resources with
weak markets, the status of the various resources should to be assumed as fully exploited.
However, it must be borne in mind that no explicit stock assessment information on the
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status of the fishery resources is available for Area 51. The landings data show clearly
that the growth in catches declined sharply in the 1990s, being effectively constant in
the last few years. Detailed analysis of the data is unwarranted because of the high
“estimated” catches for these countries and changing patterns in disaggregation of the
data. Increases in different categories may be best explained by increased disaggregation
by species in the reported figures.

Fishery managementappears weak in thisregion. The small areas available for trawling
and the absence of any effective regulation in many parts of the Red Sea probably result
in fisheries that are quickly fully exploited or overexploited. Markets for fish in the
region are strong, particularly in Yemen and Egypt along with Saudi Arabia for higher-
priced species. Low market demand for small pelagics has resulted in reduced fishing
for these species. This reduction has been most noticeable with the withdrawal of East
European operators that had fished there to supply their home markets.

The SWIOFC area (Somalia to South Africa)

The Scientific Committee of the SWIOFC started a process to estimate the status of
focus fish groups in the region in 2006 (FAO, 2008), and continued this process in 2008
(FAO, 2009) and again in 2010 (FAO, 2011b). Most countries in the region have only
catch statistics that are very roughly grouped. For example, Maldives groups its catch by
four size classes regardless of species. Fishing effort information is also not available for
the majority of fisheries in the SWIOFC area. Most countries have a vessel registration
system in place, but these records give no information about what fisheries the vessel
is involved in and whether the vessel is or is not currently in operation. Because of the
very limited research capacity of member countries in the region, stock status is often
determined on the basis of empirical indicators such as CPUE and survey catch rates,
and by educated or expert judgements.

A total of 137 species (stocks) were selected for assessment by the Scientific
Committee, but only 107 stocks or species were assessed in 2010. Of the assessed species,
35 percent were fully exploited, 36 percent were non-fully exploited and 34 percent
were overexploited (FAO, 2010). This result is similar to the global state of marine
fish resources. Although more stocks have become depleted, a large proportion of the
fisheries are still underexploited.

Shrimps and prawns are among the most important species group in this region,
and their catches increased to 30 000 tonnes in 2003-07. However, only half the peak
catch, 15 000 tonnes, was landed in 2009. It is probable that some shrimp and prawn
stocks may have been overfished. Because of their short life span and low trophic level
that shrimps and prawn occupy, fluctuation in catch is common and stocks can often
recover relatively quickly even if they are overfished.

The prawn fishery in the United Republic of Tanzania for the past decade has
experienced drastic declines in catch. Commercial prawn production declined from
1 320 tonnes in 2003 to 202 tonnes in 2007, despite the reduction in fishing effort. In
2008, the Tanzania Fisheries Research Institute (TAFIRI) reported a serious decline
in prawn stocks on the coast of the United Republic of Tanzania that was linked to
higher levels of resource exploitation (FAO, 2011b). The report was discussed in a joint
meeting involving TAFIRI and the prawn fishery stakeholders (small-, medium- and
large-scale fishers) and a resolution to close the fishery for two years was agreed. From
the latest assessment, the prawn stock has not recovered and may need more time to
recover. In 2010, the industrial sector of the shrimp fishery remained closed, but the
artisanal sector resumed fishing.

The stock of Palinurus delagoae off the central/southern coast of Mozambique was
reported as depleted 13 years ago. When the fishing industry recognized that the fishery
was no longer economically viable, most of the vessels stopped fishing and the fishery
was formally closed by the national fisheries authority. In order to allow recovery of
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the stock, licences ceased to be issued in 2007 for vessels that target this lobster species.
This management measure was complemented by scientific monitoring of the stock
(FAO, 2011b).

While the coastal fisheries are harvested mostly by coastal States, the more lucrative
oceanic fisheries are mostly harvested by distant-water fleets from Europe and East
Asia. Despite this, and the low coastal catches, fishing and its associated economic
activities are important to local economies. In some of the southwest Indian Ocean
countries, fish are almost the only source of animal protein available to the local
populations. Moreover, in a region faced with scarcities of foreign exchange, exports of
fishery products represent vital sources of exchangeable earnings. The shrimp fishery
on the Sofala Bank is important to Mozambique for foreign exchange earnings, and
similarly for Madagascar. The industrial shrimp fishery in Mozambique is scientifically
monitored and actively managed. Recent analyses suggest that the resource is fully
exploited and that fishing effort should be reduced for reasons of economic efficiency.
Effort controls should involve not only the number of vessels and seasonal closures but
also the size of the gear used.
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INTRODUCTION

The Eastern Indian Ocean covers an area extending west to 80°E, south to 55°S and
mainly delimited by landmasses in the north and east (Figure B9.1). These landmasses
include the countries of the Bay of Bengal in the north, and Malaysia, Indonesia and
Australia in the east. The main shelf areas include those of the Bay of Bengal, the Gulf
of Martaban and the narrower shelf areas on the west and south sides of Indonesia and
Australia, for a total of 2.37 million km? of shelf area.

Because of its extensive latitudinal (north—south) span, this region includes tropical,
subtropical and temperate regions. Tropical species and communities are found mainly
in the north and central parts, while temperate species are found in the southern latitudes
of west and south Australia.

The northern part of the area coincides with the Bay of Bengal and is located in
the tropical monsoon belt, with sea surface circulation reversing in the monsoon
period (clockwise from January to July, counter-clockwise from August to December)
(Lamboeuf, 1987). In addition to the monsoon cycles, this region is affected by storm

FIGURE B9.1
The Eastern Indian Ocean (Area 57)
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surges and cyclones. Moreover, the presence of large rivers (such as the Ganges—
Brahmaputra and the Irrawaddy Rivers) strongly affects the water salinity in large
parts of the bay. They provide considerable sediment loads to the shelves and lowered
salinities.

On the shelf of the Bay of Bengal, the main type of demersal fish communities
can be largely correlated with the type of bottom on which they occur. On muddy-
soft bottoms, sciaenids (drums) dominate within a diverse and complex community
including polynemids, sea catfishes, shads, hairtails, various flatfish species and
crustaceans. On sandy shelf bottoms, such as off the Thai coast of the Andaman Sea,
slipmouths, goatfishes, sciaenids and lizardfishes dominate.

The Indian Ocean shelves of Indonesia (Sumatra and Java) are relatively narrow
and steep, mostly with coralline and sandy bottoms. The northern part of this area was
affected by the tsunami in 2004. There is evidence of coral reefs having been affected by
this event, through deposits of debris and siltation, as well as tectonic uplift. However,
overall fish productivity in this region does not seem to have suffered. The south coast
of Indonesia and the north coast of Australia are in the path of a low-salinity warm-
water current flowing west from the Pacific into the Indian Ocean, the Indonesian
Throughflow.

Overall, shelves have relatively low productivity, which is also reflected in the low
abundance of fish. The southward flow of the warm and low-nutrient Leeuwin Current
allows tropical fish fauna off west Australia to be found farther south than anywhere
else in the world. However, this current is also responsible for the low productivity
of these waters. Farther south, along the southwest and south coasts of Australia, the
climate becomes more temperate with high rainfall in the west.

The oceanic regions are characterized by low overall productivity except for higher
primary productivity resulting from equatorial upwelling. However, this is a more
limited phenomenon in this area compared with the Atlantic and Pacific Oceans. The
primary productivity of the Bay of Bengal is considered lower than that of the Arabian
Sea, largely as a consequence of stronger stratification and lack of upwelling (Prasanna
Kumar et al., 2002).

The countries surrounding the northern and central parts of the region (Bay of Bengal
and western Indonesia) include some of the largest populations on earth, with India,
Indonesia and Bangladesh being among the world’s top ten. The coastal population
living around the Bay of Bengal is estimated to be about 450 million, with fisheries
employing about 4.5 million people, of whom 2.2 million are fishers. Marine living
resources are extremely important for the livelihoods of millions of people and their
communities, in particular as a source of food.

Despite the increasing trends in the total catches reported from this region
(Figure B9.2), there is a general perception that marine living resources are overexploited
and critical habitats are becoming degraded, particularly in the northern area. Key
factors that contribute to this situation are socio-economic, such as those resulting
from population growth and increasing migration to the coast, and lack of alternatives
for securing food, livelihoods and shelter in the poor rural coastal communities.
Other factors are largely institutional, such as poor enforcement of policies, laws and
regulations. Climate change resulting in ocean acidification, sea-level change (rises
in most areas); and increased frequency or intensity of storms and cyclones is also
considered as an emerging key concern.

The southern area is sparsely populated. Here, key environmental concerns include
the impact of increased shipping activities, development of oil and gas deposits, mining,
nutrient inputs from land-based activities and tourism. These concerns are addressed
through a strong legislative framework combined with an advanced environmental
monitoring system. Climate change has been recognized as one of the most important
factors affecting fisheries in this region (Irvine et al., undated).
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PROFILE OF CATCHES

Catches in Area 57 have increased steadily since 1950 (Figure B9.2, Table D10). The rapid
increase began in the 1970s and is still continuing, with the total catch exceeding 5 million
tonnes in 2002. Since then, the total catch has increased to more than 6.5 million tonnes in
2009. The majority of this increase continues to be comprised of the “marine fish NEI”
group and the five ISSCAAP fish groups that together accounted for almost 85 percent
of the catches in 2009. The largest individual contribution (43 percent) remains marine
fishes not identified (Group 39), followed by miscellaneous pelagic fishes (Group 37)
at 12 percent and miscellaneous coastal fishes (Group 33) at 11 percent. The large
contribution that these groups make to the total is a reflection of the multispecies nature
of most fisheries in the region, particularly those in the tropical and subtropical areas.
However, this is also the result of the way national reporting systems are organized.
Countries have tended to pull statistics together into larger categories and disregard the
advantages that a higher resolution in the statistics would bring. This is particularly in
relation to the insights it would provide as a basis for policy-making. The other major
groups include herrings, sardines and anchovies (Group 35) at 8.4 percent, and tunas,
bonitos and billfish (Group 36) at 7.9 percent.

For the purpose of this review, Area 57 was divided into a northern area (Bay of
Bengal and the Indian Ocean side of western Indonesia, including coastal and oceanic
adjacent waters) and a southern area (mainly west and south Australia and adjacent
oceanic waters). This was done to reflect the different climatic and oceanographic
conditions as well as the types of fisheries and data availability.

Northern area

Much of the catch in the northern area comes from coastal fisheries. These fisheries
are typically multispecies and multigear, and their catch is mostly used for local
consumption. Fish represent one of the few affordable sources of protein for people
in the region. The high proportion of the marine fishes not identified (ISSCAAP
Group 39) in the catch is a reflection of both the types of fisheries that operate here and
the relatively weak fishery statistical systems that exist in many of the countries of the
region. Croakers (Sciaenidae), sea catfish and pony fish remain the largest components
of the miscellaneous coastal fishes catch (Group 33). While catches of these species
groups have largely stabilized in the past seven years (Figure B9.3), the catch of the
entire group increased in this period from about 500 000 tonnes to 700 000 tonnes in
2009 (Table D10).

FIGURE B9.2
Annual nominal catches by ISSCAAP species groups in the Eastern Indian Ocean (Area 57)
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FIGURE B9.3
Annual nominal catches of selected species in
ISSCAAP Group 33, Eastern Indian Ocean (Area 57)
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FIGURE B9.4
Annual nominal catches of selected species in
ISSCAAP Group 35, Eastern Indian Ocean (Area 57)
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FIGURE B9.5
Annual nominal catches of selected species in
ISSCAAP Groups 34 and 37, Eastern Indian Ocean
(Area 57)
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For the herring, sardines and anchovies
(ISSCAAP Group 35), the catch of anchovy
(Stolephorus spp.) and Indian oil sardine
(Sardinella longiceps) increased until the end
of the 1990s. Since this time, the anchovy
catches have remained in the range of 53 000 to
82 000 tonnes. In contrast, the oil sardine
declined from more than 80 000 tonnes to
13 000 tonnes in 2003, but has since recovered
to some extent with catches of more than
60 000 tonnes in 2008 and 2009 (Figure B9.4).
The total catch of Group 35 has continued to
increase, rising from 384 000 tonnes in 2002
to more than 550 000 tonnes in 2009, with
much of this increase due to the clupeoids NEI
(Figure B9.4).

The catches of the miscellaneous pelagic
species (ISSCAAP Group 37) increased from
524 000 tonnes in 2002 to 794 000 tonnes in
2009 (Figure B9.5). The major components
for this increase include the catch of Indian
mackerels (Rastrelliger spp.), which recovered
from the downturn in the early 2000s to be
235 000 tonnes in total in 2009. There has
also been a continual increase in the other
miscellaneous pelagic catch, which has risen
from 200 000 tonnes to 300 000 tonnes. The
total catch of the miscellaneous demersal fishes
(ISSCAAP Group 34) has been relatively stable
for the past decade, which is reflected in the
catches of the two largest components of this
group (Figure B9.5).

The catches of shads (ISSCAAP Group 24)
seem to have stabilized. This statistical group
includes several species, with the hilsa shad
(Tenualosa ilisha) making up most of the catches
(almost 200 000 tonnes in 2007). Catches of the
second-most important species in this group,
the kelee shad (Hilsa kelee), have dropped
substantially from almost 50 000 tonnes to less
than 20 000 tonnes in more recent years. This
drop is not visible in Figure B9.6 given the lower
level of catches of this species as compared with
the hilsa shad.

Cephalopods (ISSCAAP Group 57), tunas
(ISSCAAP Group 36) and, to a lesser extent,
shrimps (ISSCAAP Group 45) appear to
have all reached a plateau in the past decade
(Figure B9.6).

The catches of tuna, which are one of the

major export-earning fisheries for the region, are now oscillating around 500 000 tonnes.
Skipjack tuna make the largest species contribution to the catch with 100 000-
135 000 tonnes. In comparison, the catch of yellowfin has now declined from its peak
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in the late 1990s to be almost 70 000 tonnes/
year. The catches of cephalopods, which is also FIGURE B9.6

a major commercial ﬁshery, have not expanded Annual nominal catches of selected species in
ISSCAAP Groups 24, 36, 45 and 57, Eastern Indian
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The catch of shrimps, which appeared to peak
at 270 000 tonnes in 2000, has rebounded to
now be above 300 000 tonnes (Figure B9.6).
The majority of this comes from the continued
increase in catches of the giant tiger prawn
(Penaens monodon) and the recovery of the
catch of natantian decapods (Table D10).
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The main fisheries in the southern area of the

Eastern Indian Ocean are off the west and southwest of Australia. Total catches in the
1970s were about 60 000 tonnes, increasing to an initial peak of 127 800 tonnes in 1993
before fluctuating and then declining to 110 000 tonnes in 2001. In the last decade, the
catch again increased to another peak of 160 000 tonnes in 2004 before again declining
to 110 000 tonnes in 2009. This total catch is considerably less than in the northern areas
and reflects the very low nutrient content of the waters occurring in this region.

The most important groups in this region in terms of economic value and export
earnings are the spiny lobsters, abalone and tuna (ABARE, 2009). Lobster catches
(other ISSCAAP groups) increased slowly from 6 000 tonnes in the 1950s and gradually
reached a peak of almost 20 000 tonnes in 2000 before declining to 11 000 tonnes in
2009. These recent reductions reflect increased management restrictions introduced in
response to a series of poor recruitments that have affected both lobster species (DOEF,
2010). Abalone catches have been relatively stable at about 5 000 tonnes/year for the
past ten years despite an outbreak of a disease in one of the regions. The tuna captured in
this region are mostly southern bluefin tuna, which had a peak catch of 20 000 tonnes in
1982. After that time, TAC quotas were introduced when assessments indicated that the
stock was overexploited. A series of quota reductions have been introduced in order to
recover the stock towards an interim rebuilding target reference point (CCSBT, 2009).
Much of the current quota of only 4 000 tonnes of southern bluefin tuna caught in this
area is being value-added through sea ranching (ABARE, 2009).

The catches of herrings, sardines and anchovies (ISSCAAP Group 35) form the
largest volume catch for this region. The catch peaked at 17 800 tonnes in 1988 and then
subsequently declined to 4 377 tonnes in 1999 after two very large mass mortalities of
pilchards occurred across the entire southern and lower east and west coasts of Australia
in the mid- and late 1990s (Jones et al., 2008). The stock has subsequently recovered in
most locations (Ward, Ivey and McLeay, 2007; Gaughan et al., 2008) with catches for
the last six years having increased substantially to above 30 000 tonnes. Most of this
catch is used as food for tuna ranching.

The other group contributing to the variations in overall catch for this area is
scallops (ISSCAAP Group 55). There were two major peaks in scallop catches (more
than 25 000 tonnes) in 1983 and 1993 and a minor peak of 12 000 in 2005. In between
these peaks in catch have been periods where the annual catches sometimes declined
to less than 2 000 tonnes. This boom-bust cycle has been experienced by these scallop
fisheries over a long period. Recruitment events in scallops appear to be very episodic,
but there is increasing evidence that overfishing can affect the frequency and intensity
of these events (DOF, 2010).
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RESOURCE STATUS AND FISHERY MANAGEMENT

Table D10 shows the assessments for Area 57. There is a difficulty in obtaining stock
assessments for individual stocks and species within Area 57. Consequently, drawing
more general conclusions about the status of individual stocks in the whole area are
not possible. Thus, the results presented in Table D10 are based on regional catch data
available in the FAO FishStat database and follow the methodology presented in this
review. Stock assessments are available for the Australian fisheries, but because of their
limited share in the totals for the region, they are not used for the regional assessment.
Although very approximate, the assessments presented in Table D10 can still provide
an indication of regional trends.

Of a total of 43 species and species groups assessed, 17 percent are non-fully
exploited, 58 percent are fully exploited and 21 percent are overexploited. Among the
overexploited groups of concern are the kelee shad, the largehead hairtail, sardinellas,
silky shark, rays, penaeid shrimps, cephalopods and octopuses. Most of these fisheries
take place in the northern area.

Northern area

The Bay of Bengal Large Marine Ecosystem Project® has recently completed a draft
transboundary diagnostic analysis of this region to identify key sustainability issues as
well as their causes.

Overfishing is a key issue in this region, with excess fishing capacity in many of the
region’s coastal fisheries reducing productivity and threatening long-term sustainability.
Fisheries management within the region encompasses a range of situations and scales,
from customary systems of marine tenure practised by coastal communities, to national
fishery governance and participation in management of tuna stocks of the Indian
Ocean. Despite the shared nature of many stocks within the Bay of Bengal region,
there has been no effort in the past to assess and manage resources. The Bay of Bengal
Large Marine Ecosystem Project is now attempting to address these issues. In some
countries, customary rights are still in place, but these have often been replaced by open
access. This has led traditional user rights to be eroded in favour of commercial fisheries
development.

A number of destructive fishing practices, such as using dynamite and toxins to capture
fish, small-mesh net fishing for prawn larvae, and live coral mining have been common
and widespread in this area. Weak governance (inadequate monitoring and control
systems, weak fisheries management decision-making processes, poor information on
resources, and limited national and regional capacity) has also contributed to coastal
fish stocks being under serious threat with the present level of exploitation and the
types of fishing methods used. It should also be recognized that, in addition to fishing
pressure, fishery resources are also threatened by other factors such as destruction of
the mangrove ecosystems for timber or construction of shrimp ponds, pollution from
land-based activities and coastal development.

The Bay of Bengal Large Marine Ecosystem Project is addressing the above fisheries
governance and environmental issues and it is hoped that the above negative trends
will be reversed. The project has adopted the ecosystem approach to fisheries as
the framework to promote sustainable fisheries. As part of this effort, fisheries and
environmental information is being compiled in order to formulate advice to the
government agencies concerned.

Southern area
The most valuable fisheries in the southern area include rock lobster, abalone, prawns
and tuna, which are all export fisheries. The fisheries management responsibility for

2 Web site: www.boblme.org
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these generally falls under the relevant state government agency (COA, 1980). The
exception is for tuna, which is managed by the Government of Australia but as part of
the Commission for the Conservation of Southern Bluefin Tuna (CCSBT). The CCSBT
commission also includes Indonesia, Japan, the Republic of Korea, New Zealand, and
the fishing entity Taiwan Province of China, plus a number of cooperating non-member
countries (the Philippines, South Africa and the EU). The CCSBT is responsible for
setting the TAC for southern bluefin tuna and its allocation among members.

All commercial fisheries in this region now have at least some form of limited
entry management. Most have specific allocation of tradable fishing rights or access
either in the form of catch and or effort (Rogers, 2000). In addition, in Australia, all
export fisheries and all managed fisheries must now be assessed regularly against the
“Guidelines for ecologically sustainable management of fishing” in order to meet the
requirements of the Environment Protection and Biodiversity Conservation Act 1999,
which is administered by the Federal Environment Agency (DEWR, 2007).

High seas

The main targets in the high seas of Area 57 are tuna and tuna-like species. Distant-
water fleets from Asia (China, Japan, the Republic of Korea and Taiwan Province of
China) and from Europe (primarily France and Spain) are playing a major role. As most
of these high seas resources are shared throughout the Indian Ocean, the resource status
adopted here is based on the results of the 13th session of the Scientific Committee of
the IOTC (IOTC, 2011) covering whole stocks.

Yellowfin tuna (Thunnus albacares) is likely to be currently in, or approaching,
an overfished state and overfishing has probably been occurring in recent years. The
IOTC has recommended that catches not exceed 300 000 tonnes for the whole Indian
Ocean. However, bigeye tuna (Thunnus obesus) and albacore (Thunnus alalunga) do
not seem to show signs of overexploitation. Skipjack tuna is a species considered to
be highly productive and robust to fisheries. Within Area 57 (and the Indian Ocean as
a whole), it can still be considered as moderately exploited in the region. The IOTC
advises government agencies of member countries to monitor this species closely as
there are signs of local overexploitation.

Stock status of other tuna and tuna-like species (such as billfishes) is highly uncertain
because of lack of data and formal assessments. Catch data seem to indicate a situation
of the whole group of “other tunas, bonitos, billfishes, etc.” being fully exploited.
In tuna fisheries in the Indian Ocean, compliance seems to be the main problem. At
its most recent meeting (March 2011), the IOTC Compliance Committee meeting,
identified several shortcomings, especially regarding the tracking of catch data for
science and management. In particular, there is a need to improve the information from
the northeast Indian Ocean coastal States. While the IOTC is moving towards also
considering bycatch and ecosystem issues relevant to these fisheries, there seems to be
still some reluctance to comply with conservation and management proposals made at
the commission level. For example, there is still no prohibition of retention on board
of endangered species such as hammerhead or oceanic white tip sharks. Moreover, a
proposal for mandatory collection of data on bycatch of endangered species by the
gillnet fisheries, mainly in the northern part of Area 57, was downgraded to voluntary
measure at the above meeting. Illegal fishing is also a major issue in the region and,
to date, no serious effort has been made to combat it. This situation undermines the
region’s capacity to implement sustainable management efficiently.
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INTRODUCTION
The Northwest Pacific (Area 61, Figure B10.1) has a number of large, productive areas
of continental shelf including the northern portion of the South China Sea, the East
China Sea, the Yellow Sea, the Sea of Japan and the Sea of Okhotsk. Other subareas
have less extensive areas of continental shelf with productive fisheries. These subareas
include the western portion of the Bering Sea and the ocean east of the Japanese
archipelago, the Kuril Islands, and the southeast part of the Kamchatka Peninsula. The
enhanced productivity in these regions comes from the interaction and confluence of
the Kuroshio and Oyashio western boundary currents. These interactions produce
zones of enrichment and concentration of biological processes. The total surface area of
the Northwest Pacific (Area 61) is close to 19 million km?, including the third-largest
shelf area at about 3.6 million km?.

Nominal catches in the Northwest Pacific increased to 24 million tonnes in 1996 and
1997 after a general decline from 1988 to 1994. Catches have since stabilized at about
20 million tonnes, making the Northwest Pacific the most productive FAO Fishing

FIGURE B10.1
The Northwest Pacific (Area 61)




142

Review of the state of world marine fishery resources

Area. Despite this high productivity, there continues to be concern over increasing
fishing effort, IUU fishing, overfished stocks, and degradation of some ecosystems.

PROFILE OF CATCHES

Total catches in Area 61 grew steadily from about 4 million tonnes in 1950 to an
intermediate peak of 23.6 million tonnes in 1988 (Figure B10.2). Catches declined to
20.4 million tonnes in 1994 because of abrupt declines in the two most important fish
species in the catch, the Japanese pilchard (or sardine) (Sardinops melanostictus) in
ISSCAAP Group 35 and the Alaska pollock (Theragra chalcogramma) in Group 32.
The declines in the catches of these two extremely abundant species have been offset
by increases in production of other major species. In 1996-1997, catches by industrial
fisheries reached almost at the same level as the earlier 1988 peak. Since then, they have
declined and stabilized at about 20 million tonnes (Figure B10.2, Table D12).

Japan used to be the largest fishery country in this area and landed about 10 million
tonnes each year in the 1980s. However, its catch dropped rapidly in the 1990s and has
remained at about 4 million tonnes a year in the last decade (Figure B10.3). In contrast,
China had a relatively low catch of about 2 million tonnes in the 1960s and 1970s but
this increased markedly between the mid-1980s and 1990s. After reaching a peak of

FIGURE B10.2
Annual nominal catches by ISSCAAP species groups in the Northwest Pacific (Area 61)
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more than 13.4 million tonnes in 1998, the total
landings of China dropped slightly at the end
of 1990s and remained at about 12.3 million
tonnes in 2009. The Russian Federation/former

FIGURE B10.3

Northwest Pacific (Area 61)
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Soviet Union is ranked third and its landings
reached a peak at about 5 million tonnes in
the mid-1980s. Its catches have since dropped
to the current level of about 2 million tonnes.
The Republic of Korea is also a major fishing
country in the Northwest Pacific region,
landing about 1.5 million tonnes between 1975
and 2000 and 1.3 million tonnes in 2009.

In the Northwest Pacific, about 18 percent (a
percentage of total catch between 1950 and 2009,
calculated from Table D12) of catches are not
reported by species and are classified as marine
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fishes not identified (ISSCAAP Group 39).

Cods, hakes, haddocks (Group 32) make the FIGURE B10.4

largest known contribution with 15 percent of Annual nominal catches of selected species in
the total. Alaska pollock had the largest catch of ISSCAAP Groups 3anrnd Z;‘) Northwest Pacific
5 million tonnes in the peak period around 1988. . &

However, pollock catches dropped to a low of —— Alaska pollock (= walleye pollock)

1.1 million tonnes in 2002, with only a slight 51 —— Largehead hairtail

recovery by 2009 (Figure B10.4). The decline in Pacific cod

the pollock may be related to excessive fishing
pressure, although the evidence suggests at
least some environmental factors were also
important (McKinnell and Dagg, 2010). Pacific
cod (Gadus macrocephalus) is second only to
Alaska pollock, but had much lower landings
that equal about 10 percent of the pollock
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catch from the 1980s to the early 2000s. Since
that time, the catch has stabilized at about
111 000 tonnes (Figure B10.4). The highest
catches of Pacific cod in Area 61 appear to (Area 61)
be made in the Russian Navarin region of the 6
Northern Bering Sea.
Herrings, sardines and anchovies (ISSCAAP 51 Japanese pilchard
Group 35) form the second-largest group in —— Pacific herring
Area 61, contributing about 15 percent of the |
total catch on average. Of this group, Japanese
pilchard used to be the most important species,
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was the result of natural ecosystem variability
associated with the 1988 regime shift (Yatsu et al., 2005; Ohshimo, Tanaka and Hiyama,
2009).

Japanese anchovy (Engraulis japonicus) is also an important species. Its catches
increased from 0.3 million tonnes in 1988 to 1.9 million tonnes in 1998, before declining
to about 1.4 million tonnes in 2008 (Figure B10.5). Pacific herring (Clupea pallasii) shows
a multidecadal pattern in catch. The Sakhalin-Hokkaido stock dominated catches in the
period from the 1920s to the 1940s. However, the Okhotsk and West Bering Sea stocks
have made the largest contribution since the 1950s (Naumenko, 2001). Catches began
showing a downward trend from the early 1970s until the late 1980s. The total catch
in 1994 was only one-fourth of the average for the 1960s and 1970s. However, catches
increased to a high of 431 000 tonnes in 1998 and decreased slightly to 226 000 tonnes
in 2009 (Figure B10.5).

Miscellaneous pelagic fishes (ISSCAAP Group 37) make up another 13 percent of the
total landings in Area 61. Among them, chub mackerel (Scomber japonicus) is the species
with the largest catch. Its catch decreased from 1.6 million tonnes in 1996 to 0.81 million
tonnes in 2002, and bounced back to 1.4 million tonnes in 2008 (Figure B10.5). Japanese
jack mackerel (Trachurus japonicus) also increased from 0.06 million tonnes in 1980 to
0.37 million tonnes in 1994, thereafter fluctuating between 0.23 million and 0.41 million
tonnes (Table D12). Pacific saury (Cololabis saira) declined from the 1950s to the 1980s.
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FIGURE B10.6
Annual nominal catches of selected species in
ISSCAAP Groups 55, 56 and 57, Northwest Pacific
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FIGURE B10.7
Annual nominal catches of selected species in
ISSCAAP Group 23, Northwest Pacific (Area 61)
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Annual nominal catches of selected species in
ISSCAAP Groups 42 and 45, Northwest Pacific

(Area 61)
1.6 ¢
—— Gazami crab

1.4 ——— 42-Crabs, sea-spiders

15 Akiami paste shrimp
" ’ = 45-Shrimps, prawns
Q
€ 1.0
X]
.E 0.8
= 0561

0.4 1 /‘/\ N~

|
0.2 /:'/W
00 _Nf:/‘
1950 1960 1970 1980 1990 2000 2009

The catch then increased from 0.18 million
tonnes (1998) to 0.62 million tonnes (2008)
and, thus, exceeded the historical peak in 1962
(Table D12).

Species reported as miscellaneous coastal
fishes (ISSCAAP Group 33) constitute about
7 percent of the catch, and these have been stable
since the early 2000s at between 2.1 million and
2.4 million tonnes (Table D10).

Species reported as miscellaneous demersal
fishes (ISSCAAP Group 34) have a catch
share of about 6 percent. Largehead hairtail
(Trichiurus lepturus) is the major species in this
group. Its catches increased from 0.53 million
tonnes in 1988 to almost 1.2 million tonnes in
1998 and have been stable since (Figure B10.4).

ISSCAAP Group 57 (squid, -cuttlefish,
octopuses) produces about 5 percent of the total
landings in Area 61. Catches for this group have
increased steadily for the last two decades with
clear year-to-year fluctuations (Figure B10.6).
Japanese flying squid (Todarodes pacificus), the
major species of the group, had large landings
in the 1960s, but these declined until the mid-
1980s. The catches bounced back to above
600 000 tonnes in 1997, but then dropped to
400 000 tonnes in 2009.

ISSCAAP Group 36 (tunas, bonitos,
billfishes, etc.) constitute about 3 percent of the
catch and the catch of this group has been stable
since the early 2000s at between 0.63 million
and 0.86 million tonnes (Table D12).

Catches of ISSCAAP Group 56 (clams,
cockles, arkshells) have gradually declined since
the 1970s and were about 100 000 tonnes in
2009 and are now only 1.5 percent of the total
(Figure B10.6). Yesso scallops of ISSCAAP
Group 55 exhibited a steady increase until
the mid-2000s and then stabilized at about
0.3 million tonnes.

Salmons, trout, smelts, etc. (ISSCAAP
Group 23) contribute only about 2 percent
of the total landings. Their catches increased
gradually after 1970, with a large jump to
700 000 tonnes in 2009 (Figure B10.7). Year-
to-year fluctuations in salmonid catches have
always been apparent. Over the whole time
period, chum salmon (Oncorbynchus keta) and
pink salmon (Oncorbynchus gorbuscha) have
always been the major salmon species in the

Northwest Pacific. After the 1980s, catches of chum salmon surpassed pink salmon
and reached a peak of about 300 000 tonnes in 1996. Since then, chum salmon catches
have fluctuated at about 200 000 tonnes (Figure B10.7). The pink salmon catch peaked
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in 1991, declined abruptly in 1992, and then fluctuated between 100 000 tonnes and
240 000 tonnes for many years before a sudden jump to about 400 000 tonnes in 2009.
It is worth noting that the catches of gazami crab (Portunus trituberculatus), shrimps
and prawns have been increasing dramatically in the region in the past three decades
(Figure B10.8). In contrast, the abundance and frequency of occurrence of gazami crab
estimated by trawl surveys in Bohai Sea declined from 1959 to the 1990s (Jin, 2004).
Recent catches of gazami crab in the western Japanese waters have also been low.

RESOURCE STATUS AND FISHERY MANAGEMENT

The status of each fishery stock in Area 61 is shown in Table D12. Fisheries in the
Northwest Pacific are of great importance not only because they have the highest
production among FAO Statistical Areas, but also because countries in the area such
as Japan, China and the Republic of Korea have a tradition of eating fish. Fisheries
management has been undertaken at both a country and regional level. However, that
does not necessarily mean that fisheries resources are well managed. At a regional level,
bilateral agreements on resource sharing and management are popular. For example,
there are three bilateral agreements in the East China Sea and its adjacent seas. The 1965
agreement between Japan and the Republic of Korea concerning fisheries was revised
and entered into force in 1999. This agreement was made in order to reflect the 1982
UNCLOS and resolve pending problems among coastal countries in the region (Kang,
2003). The 1975 agreement between China and Japan was also revised and entered
into force in 2000. This agreement was intended to enhance cooperative fisheries
management in the East China Sea. The agreement between China and the Republic
of Korea for cooperative fisheries management in the Yellow Sea entered into force in
2001 (Kang, 2003; Yu and Mu, 2005). However, these agreements leave fundamental
problems to be resolved, including: (i) neglect of the biological characteristics of fish
stocks that migrate beyond the jurisdiction of one country; and (ii) enforcement and
jurisdiction is conducted only by the flag State for broad areas known as “Provisional
Waters”, “Middle Waters” and “Transitional Waters” (Kang, 2003).

The North Pacific Anadromous Fish Commission (NPAFC) was established in
1993 to promote conservation of anadromous fishes (six species of Oncorbynchus) in
the international waters of the North Pacific Ocean and its adjacent seas. The NPAFC
is responsible for fisheries north of 33°N that are beyond the 200-mile EEZs of the
coastal States.” The Western and Central Pacific Fisheries Commission (WCPFC) was
established in 2004 for a number of highly migratory species, such as tunas and billfishes,
in the western and central Pacific Ocean.* A new arrangement on demersal fisheries
operating on the high seas of the Northwest Pacific (Area 61) was established in 2007
and has been revised.” Multilateral meetings have also been under way to establish a
new convention for management of fisheries stocks in the high seas of the Northwest
Pacific that are not covered by the NPAFC and WCPFC.

The major approach to fishery management in the region is through input and
technical controls. The exploitation level of fish stocks is regulated by input restrictions
such as limits to the number of vessels and length of fishing season. The advantage of
input controls is the ease and low cost of implementation. However, the disadvantage is
that the effect of these regulations on total catch is not clear. In some circumstances, even
if the number of fishing vessels or total fishing effort is reduced, the catch will not be
reduced accordingly. Technical controls are also widely used in fisheries management by
regulating the body size of the target species, mesh size of gear and release of artificially
reared fry.

> Web site: www.npafc.org/new/index.html
* Web site: www.wcpfc.int
> This is the North Pacific Fisheries Commission (http://nwpbfo.nomaki.jp/index.html).
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There have been some major developments in domestic fishery management at the
national level since the mid-1990s. In addition to the existing measures such as limited
entry systems, Japan, the Republic of Korea and the Russian Federation implemented
a TAC system for a number of species between 1997 and 2002 (Jamieson and Zhang,
2005). The Japanese Government developed a resource recovery plan in 2002 (Jamieson,
Livingston and Zang, 2010). The Chinese Government introduced a negative growth
policy, a fishing vessel buy-back programme, and summer fishing moratorium in its all
coastal seas (Yu and Yu, 2008). The Republic of Korea started a buy-back programme
in 1994 to reduce fishing capacity. It has recently developed a pragmatic ecosystem-
based fisheries risk assessment method for fisheries of the Republic of Korea. The
approach has been designed to measure the risks associated with fisheries relative to
three different management objectives, such as sustainability, diversity, and habitat
quality (Zhang er al., 2009).

China’s summer season fishing moratorium has been implemented in all its coastal
seas since 1995. At present, fishing is banned from 16 June to 1 September in the Bohai
Sea, from 16 June to 1 September in the Yellow Sea, from 16 June to 16 September in the
East China Sea, and from 1 June to 1 August in the South China Sea (FAO, 2009). The
ban on major fishing gear in the summer has proved to be cost-effective to implement
and monitor. It has resulted in clear benefits for the conservation of fish resources and
biodiversity (Jiang er al., 2008).

Of the fish stocks that have been examined under this increased focus on fisheries
management in the Northwest Pacific, only a few fish stocks have been assessed as
overfished (Table D12). The most important is largehead hairtail, which mainly occurs
in the East China Sea and is targeted by mainly Chinese fleets. In addition, Pacific saury
and Japanese flying squid are considered to be non-fully exploited. Most fish stocks are
believed to be fully exploited in the area (Table D12). However, it must be noted that
the current assessments in Table D12 generally rely on catch criteria, because limited
abundance or spawning biomass indices are available.

Despite the recent developments in management measures, excessive fishing capacity
is still one of the major issues in the Northwest Pacific (Jamieson and Zhang, 2005). For
example, the total fishing power of Chinese vessels in the East China Sea increased
by 7.6-fold between the 1960s and 1990s. At the same time, their CPU declined by a
factor of three (Maguire, 2005). Although the number of Chinese fishing vessels has
stabilized since the late 1990s, the total power of vessel engines is still increasing (Yu
and Yu, 2008). In coastal seas such as the East China, Yellow and Bohai Seas, there
has been a shift in catches from large, high-valued fish to lower-valued smaller species
(Tang and Jin, 1999; Zhang, Kim and Huh, 1988; Zhang and Kim, 1999; Jin, 2004, 2008).
Reduction in fishing effort is still urgently needed in some areas (e.g. Chen and Shen,
1999; Zhang, Kim and Yun, 1992).

The largest variations in catches of marine resources in the Northwest Pacific have
been caused by fluctuations in pilchard (or sardine) stocks. The pilchard fishery off
Japan grew rapidly in the 1930s to become one of the largest single-species fisheries in
the world. Then, in the early 1940s, the stocks abruptly collapsed. It remained depleted
for nearly three decades and then suddenly exploded into a rapid rebuilding phase in
the early 1970s (Kawasaki, 1983; Yatsu et al., 2005; Ohshimo, Tanaka and Hiyama,
2009). This led, in the 1980s, to catches of more than twice the peak before the earlier
collapse. The pilchard stocks, after sustaining a major fishery for a similar period to that
of the 1930s and 1940s, declined for a second time. The total catch of the fishery has
remained at an extremely low level since the mid-1990s (Figure B10.5). The fluctuations
in Japanese pilchard stocks are probably not related to fishing only, but more to climatic
and ecosystem changes (Yatsu and Kaeriyama, 2005; Yatsu et /., 2005; Ohshimo, Tanaka
and Hiyama, 2009). Given the influence of environmental conditions, it is difficult to
classify the stock status of Japanese pilchard. However, the Pacific stock is considered
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overfished because the fishery is still taking catches above the level that the stock can
sustain (Fisheries Agency and Fisheries Research Agency of Japan, 2010). As there have
been no fisheries directly targeting the Tsushima Current stock since the 2000s, its stock
status is uncertain.

During the rapid decline in pilchard catches in the late 1980s and early 1990s, a strong
rebound of catches of Japanese anchovy, Japanese jack mackerel and Japanese flying
squid occurred (Figures B10.3 and B10.5, Table D12). There seems to be a strong pattern
of high alternating catches of sardine and anchovy stocks in many regions throughout
the world (Lluch-Belda ez al., 1989; Bakun, 1998; Schwartzlose et al., 1999; Barange
et al., 2009). In addition, Japanese anchovy has also become the largest catch in both
the Yellow Sea and the East China Sea. This seems to have occurred after removal of
demersal and pelagic predatory fishes by heavy fishing (Tang and Jin, 1999). However,
the anchovy fishery in the Bohai Sea nearly collapsed in 2001 (Jin, 2004). In recent
years, the stocks of Japanese flying squid have maintained a moderate to high biomasses
and are not considered to be fully exploited (Fisheries Agency and Fisheries Research
Agency of Japan, 2010).

The recent rebound in the Alaska pollock catch is associated with an increase in
catches of the Russian Federation from the western Bering Sea (Navarin region) since
2003 and the Sea of Okhotsk since 2007. Pollock biomass doubled in the Sea of Okhotsk
in the 2000s compared with the 1990s (McKinnell and Dagg, 2010). Other major pollock
stocks are believed to be currently at substantially lower biomasses than in the 1980s
(McKinnell and Dagg, 2010). The pollock fishery in the international waters of the
“Doughnut Hole” in the Bering Sea produced very high catches in the late 1980s and
early 1990s. However, it was suspended in 1993 owing to overfishing and has still not
recovered (McKelvey, Honkalehto and Williamson, 2006).

Yellow croaker has recovered since the early 1990s. Fishing pressure on this species
increased substantially between the 1950s and the 1980s. As a consequence, the size
of fish and proportion of older fish in the stock have continually declined (Jin, 2008).
Therefore, the recovery is more likely to have been the result of favourable oceanographic
conditions than changes in fishing practices. The increase in chum salmon catch in the
past three decades is considered to be due to improved marine survival and/or hatchery
rearing and releasing practices (Yatsu and Kaeriyama, 2005; McKinnell and Dagg, 2010).
Although the catch of largehead hairtail has increased since the late 1980s, mean body
size declined continuously from the 1960s to the 1990s. Overfishing is still a problem in
the East China Sea despite the introduction of a “summer fishing moratorium” in 1995
(Xu, Liu and Zhou, 2003).

The northern South China Sea supports a tropical multispecies fishery. The majority
of high-trophic level demersal stocks appear to be depleted and most low-trophic
fishes are considered overfished (Qiu, Lin and Wang, 2010). The fishery remained open
access until the late 1990s. This led to a continuous increase in fishing effort, which was
especially rapid from the 1970s to 1990s. As a result of the increasing fishing effort and
expansion of fishing into offshore waters, catch trends of the fishery became dome-
shaped, with a long-term decline. This pattern in catch was seen first in the inshore
fisheries and then in the offshore demersal catches. Total catch and catches of the
low-trophic species rose until the 1990s, but eventually declined under high fishing
pressure. Although fishing effort has levelled off since the late 1990s because of strict
licensing controls, total stock density has remained at a low level. It is expected that
further reductions in fishing effort will be needed in order to recover the stocks and
subsequently raise the total catch.

Environmental problems affecting fisheries in the Northwest Pacific include land
reclamation, heavy metals and chemical pollution, oil spills, eutrophication, hypoxia,
invasion and escape of non-native species, and impacts of extensive mariculture (She,
1999; Jin, 2004; Maguire, 2005; McKinnell and Dagg, 2010). There appears to be an
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increasing frequency of red tides and outbreaks of harmful algae, macroalgae and giant
jellyfish (Nemopilema nomurai) (She, 1999; Jamieson and Zhang, 2005; Liu er al.,
2009; McKinnell and Dagg, 2010). In the Yellow Sea, bacterial epidemics are causing
mortality of cultured shrimp (Maguire, 2005) and there is a risk that these could spread
to adjacent open waters. The Sea of Okhotsk is the site of frequent earthquakes and the
oil drilling that is poised to begin there is a cause for concern because of the high risk of
oil spills (Maguire, 2005).

It is currently recognized that many fisheries are being affected by fishing and
climatic and human-induced ecosystem changes such as global warming (Kim, 2010).
To cope with the changes in productivity of regional ecosystems, control over fleet
capacity and development of operational management procedures may be critical to the
long-term sustainability of fisheries in the region (Barange et al., 2009). Establishment
of a new convention on the management of international fisheries in northeast Asia has
been recommended (Kim, 2010). This will add to the existing arrangements on high
seas fisheries of the North Pacific Ocean (see above). Implementation of an ecosystem
approach to fisheries or ecosystem-based management has recently started in this region,
focusing on: (1) minimizing fishing and other human-induced impacts; (ii) rebuilding
depleted fisheries stocks; and (iii) adapting to climate changes and natural disasters. In
particular, widespread impacts in the marine environment of land runoff from both
industrial and urban developments will be addressed (Jamieson and Zhang, 2005).
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INTRODUCTION
The Northeast Pacific (Figure B11.1) covers almost 8 million km? of which
1.3 million km? are shelf area. It encompasses several distinct “large marine ecosystems”
including the California Current, the Gulf of Alaska, and Bering Sea. The dynamics
of these systems are dominated by the Aleutian Low pressure cell — one of the most
intense, quasi-permanent atmospheric systems on earth. In the Gulf of Alaska, the
result is a strong coastal convergence that drives anticyclonic coastal flow around the
periphery of the Gulf of Alaska. This interacts with coastal runoff to produce embedded
frontal zones of concentrated biological processes. The eastern Bering Sea is a shallow
shelf system, characterized by wind and tidal mixing with shelf-sea frontal currents.
Each of the three domains, California Coast Current, Gulf of Alaska Gyre and eastern
Bering Sea, contains abundant fishery resources that support catches of a wide variety
of species.

In the past decade, the fisheries in the region have undergone a series of regulatory
and market-driven reforms to reduce fishing effort to sustainable levels. “Boom and

FIGURE B11.1
The Northeast Pacific (Area 67)
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FIGURE B11.2
Annual nominal catches by ISSCAAP Group in the Northeast Pacific (Area 67)
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100 that period (Figure B11.2). Catches of Alaska
pollock declined from 2.2 million tonnes in 1996

1950 1960 1870 1980 1990 2000 2009 | to between 800 000 and 900 000 tonnes in 2009
2010 (Figure B11.3). The cause of the sharp

decline in Alaska pollock is primarily linked to three very warm years in the eastern
Bering Sea that led to extremely poor year classes (Ianelli et al., 2010). Recruitment in
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subsequent years has improved and catches are

expected to rise in 2011 to almost 1.4 million FIGURE B11.5
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catch comprises five species and, in recent years, 6
itappears that some species are producing record
catches (sockeye and pink salmon). At the same
time, other species have been less productive:
west coast coho (Oncorbynchus kisutch) and
chinook (Oncorbynchus tshawytscha) salmon
stocks in California and in Western Alaska. 21
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Here, the yellowfin sole (Limanda aspera) 1978 1982 1986 1990 1994 1998 2002

2006 2009

fishery is the largest flatfish fishery in the
world (Wilderbuer, Nichol and Ianelli, 2010) (Figure B11.5). This species is followed
by northern rock sole (Lepidopsetta polyxystra), flathead sole (Hippoglossoides
elassodon) and other eastern Bering Sea flatfish. The flatfish resource in the Bering
Sea grew rapidly following the end of large removals by distant-water fleets. As the
resource grew, the catch in Area 67 peaked at just over 700 000 tonnes in 1979. Since
then, the catch has declined primarily as a result of to regulatory action to reduce
the bycatch of halibut, crab and salmon species that are caught in other fisheries in
Alaska, British Columbia (Canada), and along the United States west coast. Pacific
halibut (Hippoglossus stenolepis) is a valuable species and the focus of many trawl
fishery regulations. The catch nearly doubled from the late 1970s to a peak of about
40 000 tonnes in the mid-1980s. It then declined somewhat before increasing again in
the late 1990s. The catch then declined again owing to apparent changes in growth.
The International Halibut Commission (Hare, 2010) attributes some of the decline
to increased biomass of a competitor, arrow-tooth flounder (Atheresthes stomias)
(Figure B11.6). In the Gulf of Alaska, arrow-tooth flounder has become the most
abundant demersal species (NMFS, 2010).

Catches of ISSCAAP Groups 32 (cods, hakes, haddocks), 33 (miscellaneous coastal
fishes) and 34 (miscellaneous demersal fishes) species have been increasing, and catches
have been regulated to comply with specific regulations. The most variable of these
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stocks is Pacific hake (Merluccius productus),

FIGURE B11.7 also commonly called Pacific whiting, which
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is a valuable recreational fish, and catch limits are in place to maintain availability to the
recreational sector.

Rockfish (Sebastes spp.) as a group comprises many species. They are found from
the Bering Sea south into Mexico. The most abundant rockfish, Pacific Ocean perch
(Sebastes alutus), supported an important foreign fishery in the 1960s. However,
since 1980, catches have been a small fraction of those reported earlier (Figure B11.7,
Table D13). Rockfish are a long-lived, relatively slow-growing group of species and,
hence, many stocks became overfished. While many stocks are recovering, some remain
classified as overfished and require further rebuilding. Therefore, total Sebastes catch is
anticipated to remain about 50 000 tonnes for the next few years.

King crab (Paralithodes kamchaticus) catches dominated ISSCAAP Group 44 (king
crabs, squat-lobsters) species from the early 1960s to the late 1970s. It then declined owing
to a combination of reduced recruitment and high levels of fishing effort. Since the early
1980s, king crab abundance has been low and stable, and the catch has averaged about
10 000-11 000 tonnes (Figure B11.8, Table D13). Snow crab (principally Chionocetes
opilio but also C. bairdi) in ISSCAAP Group 42 (crabs, sea-spiders) catches were about
equal in catch to king crab in the late 1980s. Catch increased rapidly through the 1980s,
but then declined before increasing again as a result of strong recruitment in the 1990s
that was not sustained. Consequently, catches declined and continue to be low. Wide
fluctuations are common for other sea-spiders and crabs (mostly snow crab). The 2004
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harvest was the lowest at just over 11 000 tonnes and catches since have climbed to
20 000-30 000 tonnes.

The other major commercial species in Group 42 is Dungeness crab (Cancer magister),
which is primarily harvested from California to southeast Alaska. It has had an increasing
catch trend since the late 1980s. The largest catches were between 2003 and 2006, when the
catch exceeded 40 000 tonnes —almost double that at the beginning of the period. However,
since then, the catch has declined and is currently small. Historically, Dungeness crab has
a cyclic abundance and may be currently trending towards a period of reduced abundance
and catch.

Squid, shrimp, and other invertebrates are also caught in the Northeast Pacific. Pink
shrimp (Pandalus jordani) are caught primarily off the west coast of the United States
of America, while Pandalus borealis is the most abundant species of shrimp in Alaska.
Large pink shrimp catches were made in Alaska until the early 1980s. Catches then
declined rapidly, believed to be a result of increased predation by rapidly increasing
cod and pollock stocks (Anderson and Piatt, 1999). Catches increased in the 1990s and
have remained relatively stable and below 30 000 tonnes since the 1990s (Table D13).
Other shrimp species as well as sea urchins, sea cucumbers, clams and oysters are part
of the invertebrate catch but the total catches of all of these species are in the range of
thousands of tonnes. Squid, primarily Loligo opalescens, is a significant portion of the
invertebrate catch. The largest catch occurs in central and southern California, and the
total catch has been as high as 119 000 tonnes in 2000 and almost 95 000 tonnes in 2010.
A sharp drop in catch occurred in 1998. This was attributed to a strong El Nifio event
(Zeidberg, Hamner and Nezlin, 2006). Since the early 1980s, another squid that has
appeared in large numbers is the jumbo squid (Dosidicus gigas). It has been found to
have a significant predatory impact on pelagic fishes (Field ez al., 2007).

Compared with other FAO Statistical Areas, ISSCAAP Group 35 (herrings, sardines,
anchovies) does not make a large contribution to catches in Area 67. Herring are found
throughout the region, but the greatest concentrations are in British Columbia and
Alaska. Catches of Pacific herring (Clupea pallasi) increased as stocks increased from a
period of heavy fishing pressure in the 1950s and 1960s. Catches increased throughout
the 1980s and then rose to a peak of 102 000 tonnes in 1992 (Figure D11.9, Table D13).
Catches then trended downward until 2008 when they began to increase again. The
2010 catch of Pacific herring was almost 60 000 tonnes.

The sardine (Sardinops caerulens) catch has been increasing in the Northeast Pacific.
The California sardine fishery in Area 67 had essentially collapsed before FAO statistics
began to be collected. Sardine catches increased from almost zero between 1950 and
1998, when the catch of sardine began to

increase and then rose rapidly (Figure B11.9). FIGURE B11.9
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RESOURCE STATUS AND FISHERY MANAGEMENT

Salmon resources

The salmon population increases in Alaska in most of the 1980s and 1990s were
attributed to favourable ocean conditions allowing high survival of juveniles (Eggers
et al., 2005). Several other factors contributed to the increases, including: (i) improved
management; (ii) elimination of high seas driftnet fisheries; (iii) reduction in bycatch
in fisheries for other species; and (iv) relatively pristine river habitats with minimal
influence of extensive development.

Salmon stocks currently face increasing environmental problems. Many of the
stocks, particularly those in the south of the region, are already severely affected. Being
anadromous, salmon reproduction is strongly affected by riverine and estuarine habitat
degradation caused by agriculture, logging, mining, oil and gas development, industrial
development and urban expansion. The resulting conflicts with other economic sectors
make mitigation difficult. There is also concern that the use of hatchery production to
help compensate for habitat loss may lead to the destruction of wild stocks (Hilborn and
Eggers, 2000). Damming of rivers for hydroelectric power development, water storage,
and flood control have historically done great damage to salmon runs. However, under
the United States Endangered Species Act and provisions of the United States Magnuson
Stevens Fishery Conservation and Management Act, developments are required not
to destroy essential fish habitat. As a consequence, there has been some movement
towards mitigating prior habitat loss. Active projects are in place to remove dams that
have blocked salmon passage on some rivers (Stadler et al., 2011).

The production of Pacific salmon (Oncorbynchus spp.) is variable and differs among
species. Pink salmon (Oncorbynchus gorbuscha), the most abundant and smallest
species, has biennial runs with one year weak and the other strong. However, when
their abundance is averaged over the region, there has been an increasing trend since
the 1970s. In the past decade, catch has exceeded the long-term average. The catch of
sockeye salmon (O. nerka), the second-most abundant species, consists of the catch
from several large river systems. The largest of these is the Bristol Bay River system
in the southeast Bering Sea and the Fraser River system in British Columbia. The
catch of sockeye increased in the 1980s following good in-river survival in the late
1970s and the end of the high seas interception fisheries. Overall catch then declined
in the 1990s, but in recent years has increased and is near the long-term average of
127 000 tonnes. The dynamics of sockeye salmon are demonstrated by recent events
in the Fraser Columbia River fisheries. This fishery experienced a record abundance in
2010 with catch in excess of 10 million fish, up from only 1 119 in 2008 (DFO, 2001-
2011). Chum salmon (O. keta) is the third-most abundant species. Catches increased
through the 1980s to a peak of 103 000 tonnes in 2000. Since then, chum catches have
declined to near the long-term average of 70 000 tonnes. The bycatch of chum salmon
in Bering Sea demersal trawl fisheries is currently a management issue. Chum salmon
is an important species in many western Alaska rivers and the presence of sea-ranched
Asian chum that feed in the eastern Bering Sea complicates management (NPFMC,
2011).

Long-term trends in the salmon catch in the Northeast Pacific appear to be favouring
offshore species such as sockeye and pink salmon. These species have generally increased
in the period of extended jurisdiction to 200 miles. However, the species that spend
most of their ocean life near shore, such as chinook salmon (O. tschawytscha) and coho
salmon (O. kisutch) have experienced a long-term downward trend in the same period.
Some of this change may be the result of climate-induced changes in the forage base.
In 1998-99, a shift from a warm to a cooler state in the region was observed to have
induced a shift in the plankton community. This may account for some of observed
trends in salmon survival (Peterson and Schwing, 2003).
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Demersal resources

Many of the most important demersal fish stocks of the Northeast Pacific followed
the same pattern of rapid increase that marked the large salmon stocks of the sub-
Arctic Pacific region (Bakun, 1999). Accordingly, the largest demersal fish population
of them all was the complex of Alaska pollock stocks. These stocks were distributed
over the breadth of the sub-Arctic Pacific, both the Northeast Pacific (Area 67) and the
Northwest Pacific (Area 61). In much of the 1980s, Alaska pollock held the distinction
of being the largest exploited demersal fish population in the world. The resource
declined sharply as a result of reduced recruitment in the early 1980s. This appeared
to be a result of anomalous ocean conditions, but the resource has now recovered and
catch is projected to be about 1.4 million tonnes.

The eastern Bering Sea pollock fishery is a limited-entry fishery with quota shares
allotted to participating vessels. Almost all fisheries in the region are managed by a similar
quota system. One advantage is that catch is accurately monitored to ensure catches are
limited to share amounts. This ensures that total catch does not exceed harvest limits.
Fisheries on Alaska pollock are managed to ensure catch does not exceed that derived
from a risk-averse Fy;sy. Pollock and other demersal species in Alaska are constrained to
fall within total annual harvest limits, and aggregate catch cannot exceed the upper limit.
In the eastern Bering Sea, this limit is set at 2 million tonnes (NPFMC, 2011).

The other large gadoid populations in Area 67 are Pacific cod and Pacific hake (or
“Pacific whiting”). These species have followed a similar pattern of a rising catch from
the mid-1970s to mid-1980s with moderate fluctuations at intermediate levels since
1995. Pacific cod are fully exploited in both the Bering Sea and the Gulf of Alaska.
Pacific hake is considered to be fully exploited. While the largest stock of Pacific cod
is in the Bering Sea, Pacific hake is concentrated in the region off the west coasts of
Canada and the United States of America.

Of the important flatfish populations, the valuable Pacific halibut resource showed
a rising trend through the 1980s. A slight decline occurred in the 1990s, followed
by an upswing in catch with improved recruitment in the late 1990s to a peak of
41 000 tonnes in 2004. Since then, there has been a downward trend owing to reduced
growth and recruitment, but stocks are expected to increase in future years. (Hare,
2010; Figure B11.5)

The stocks of other flatfish species are lightly exploited. The total Alaska flatfish
population is estimated to be almost 7 million tonnes in 2010 (Table D13). Yellowfin
sole is a significant species in the catch and the major species in the Bering Sea flatfish
fishery. The exploitation rate is low on nearly all species of flatfish, with the exception
of petrale sole off Washington-Oregon—California, which is currently assessed as
overfished. However, that assessment is being re-evaluated as catches have remained
stable for several decades. The primary reason for the low exploitation of flatfish is the
bottom trawl restrictions in place to minimize the bycatch of halibut and crab species.
Greenland halibut (Reinhardtius hippoglossoides) has long been classified as below target
abundance as a result of a failure to observe significant recruitment in trawl surveys
since the late 1970s. It has now been found to be increasing in newly developed surveys
of the outer continental shelf slope.

The current large populations of flatfish have shown indications of density-dependent
growth in some species. Bering Sea northern rock sole underwent a ninefold increase in
stock size from 1975 to 2010 (200 000 tonnes to 1.8 million tonnes). Length-at-age has
declined significantly as the population has increased and expanded west towards the
shelf edge. This density-dependent downward trend in size-at-age primarily affected
year classes between 1979 and 1987. It also has been observed in the strong 2001-03
year classes in recent surveys. The exploitation rate remained low from 1979 to 2009,
averaging only 3.4 percent as the fish are primarily caught in a limited roe fishery and as

bycatch in the large yellowfin sole fishery (Matta, Black and Wilderbuer, 2010). Some
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scientists are postulating that similar density-dependent growth reduction is occurring
in Pacific halibut.

Demersal stocks in Alaska are all at or below full exploitation with no current
overfishing occurring. In Canada, there are no overfished species either. Reference points
are not fully developed for all monitored species, but fisheries are fully developed. All
catch is allocated to stakeholders via an individual quota system that is designed to
account for all catch. The current TACs are de-facto estimates of MSY that are adjusted
periodically for changing stock condition (DFO, 2010).

In the Groundfish Fishery Management Plan of the Pacific Fishery Management
Council, there are more than 80 demersal fish species (groundfish). These species
include more than 60 species of rockfish in the family Scorpaenidae, 7 roundfish species,
12 flatfish species, dogfish shark, skate, and a few miscellaneous bottom-dwelling
marine fish species. Based on the standards of the Groundfish Fishery Management
Plan for defining overfished demersal fish species, eight species are currently assessed
as overfished by the NMFS in the area of the Pacific Fishery Management Council.
These species are: bocaccio rockfish (Sebastes paucispinis), canary rockfish (S. pinniger),
cowcod (8. levis), darkblotched rockfish (S. crameri), Pacific Ocean perch (S. alutus),
widow rockfish (S. entomelas) and yelloweye rockfish (S. ruberrimus). Since the previous
review of resources in FAO Statistical Area 67, two species have been removed from the
overfished category. These species are Pacific hake (Merluccius productus) and lingcod
(Ophiodon elongatus), as well as an additional species, petrale sole (FAO, 2005). Some
of the rockfish (Sebastes spp.) such as widow rockfish are close to being declared rebuilt.
However, other species that are very long-lived and have low growth and reproduction
may require many years to rebuild.

Sablefish (Anoplopoma fimbria) is distributed throughout Area 67 and is a fully
exploited species that has been allocated to many stakeholders. Sablefish were exploited
heavily by distant-water fisheries and had been reduced to a low biomass by the late
1970s. In the late 1970s, sablefish had a very strong year class, similar to many other
fish species (Hollowed, Bailey and Wooster, 1987). This year class bolstered the fishery
and supported the development and growth of a North American fishery. Since the
late 1970s, there have been a few above-average recruitment events, but generally not
large enough to sustain a stable population. Catch has been trending downward from
high biomasses in the 1980s. In the 1990s, several demersal fish species experienced
reduced year-class success (McFarlane, King and Beamish, 2000). Year-class success
has improved since 1999 for many species and it is clear that ocean conditions are an
important factor in determining abundance and trends. At present (2011), the North
Pacific appears to have moved back into a cool state following a prolonged warm period
(1977-1998). Moreover, the fisheries themselves have been totally restructured from
those that existed at the start of the establishment of extended national jurisdiction in
1977. At that time, demersal fisheries were largely undertaken by distant-water fleets.
The Canadian and United States fisheries for salmon, crab, herring and halibut were
open access and largely unregulated. Today the distant-water fleets have been replaced
with domestic fleets. These fleets have been reduced in size and primarily operate under
individual catch allocations in one form or another. This has also occurred in some of
the salmon, halibut, herring, crab and other fisheries. The current management regime
prevents overfishing and allows fishers the control to optimize fishing effortand improve
yield. One example is in the west coast whiting fishery, in which the establishment of an
at-sea cooperative fishing strategy allowed participating vessels to divide the available
quota. The industry then reduced the number of vessels in the fishery, reduced bycatch
by more efficient targeting and increased yields by 16 percent to upwards of 30 percent.
These increases in yield were also a result of less capture damage and the ability to
develop products with higher flesh recovery that could not be produced when the
vessels were competing to take the maximum catch per vessel (Bodal, 2003).
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Small pelagics

Pacific herring (Clupea pallasii) supports an extremely valuable fishery, much of it for
high-valued roe destined for the Japanese market. Since the mid-1970s, herring have
been fluctuating at low to moderate abundances. The abundance trends vary among the
numerous stocks in the region, but, overall, the very recent trend is for fairly healthy
abundance (Woodby ez al., 2005). Similarly, herring catches have been stable at moderate
levels since the 1970s. The catch is much reduced from the very high catches of herring
taken by fisheries in the first half of the twentieth century. Overall, Alaska and British
Columbia fisheries on herring are well managed for their long-term sustained yield.
In southeast Alaska, herring abundance has been trending upwards since 1980. The
Pacific herring population in Prince William Sound collapsed in 1993, four years after
the Exxon Valdez oil spill. The cause has yet to be determined and the population has
shown little sign of recovery. Indications are that disease may have been a factor, but
factors related to habitat modification from the oil spill cannot be excluded as a cause.
In the southern end of the range, herring stocks are at very low levels in the region from
California to Puget Sound. This may be related to long-term climate change.

Sardine stocks have shown a strong resurgence in the Northeast Pacific since the
mid-1990s. The biomass for Pacific sardine increased rapidly through the 1980s and
1990s, peaking at 1.57 million tonnes in 2000. The biomass has subsequently trended
downwards to 537 173 tonnes in 2010 (Hill ez al., 2010). Recruitment increased rapidly
through the mid-1990s, peaking at 17.156 billion fish in 1997, 19.743 billion in 1998 and
18.578 billion in 2003. Recruitment was notably lower from 2006 to 2009. As the stock
grew, it expanded its range from southern California towards Oregon and the northern
tip of Vancouver Island in British Columbia. At this time, it is not clear whether large
sardine populations will persist in these northern regions, or contract to a more southerly
distribution. In a prior increase in the sardine population in the 1920s, the species also
increased in British Columbia but then contracted until the recent expansion of the
1990s (McFarlane and Beamish, 1999).

Invertebrates

Crab and shrimp are the main invertebrates in the Northeast Pacific harvest. Dungeness
crab (Cancer magister) populations may currently be declining from historic highs of
the early 2000s. King crab (Paralithodes) catches have been stable for the past decade,
but are far below the record harvests of the 1970s. The stock is expected to increase
further in size through improved management as this fishery has recently entered into
a catch share management programme. As in other rationalized fisheries, catch should
improve and the fishery should have a reduced impact on crab populations. Effort has
decreased and so has the handling mortality of sublegal-sized crabs that are released.
Snow crab (Chionoecetes opilio) stocks have highly variable recruitment and fluctuating
populations. Catches were high through the 1980s and 1990s, but then declined sharply
in 2000. Starting in 2008, the catch began to increase again, but catches remain well
below those of earlier years. Pandalid shrimp catches were high in Alaska until the
1980s. However, more recently, they have been very low, probably as a result of the
sharp and rapid increase of gadoid predators. In southern regions of Area 67, catches
have been relatively stable and increasing.

In the coastal zone, there are fisheries for clam, oysters, abalone sea urchin and sea
cucumber. Clam populations have suffered local problems as a result of to disease or
pollution. However, overall invertebrate catch is increasing primarily owing to increased
demand from Asian markets. Coastal species that are taken include northern abalone
(Haliotis kamtshatkana) and geoduck clam (Panopea abrupta). Catches of intertidal
clams (Venerupis philippinarum, Protothaca staminea and Saxidomus gigantea), razor
clam (Siligua patula), and red sea cucumber (Parastichopus californicus) are currently
stable or increasing in areas where commercial harvest occurs.
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IINTRODUCTION
FAO Statistical Area 71 covers 33.9 million km? and extends from the seas of Southeast
Asian countries down to north and east Australia. It also covers the area further east
to some of the smaller island countries of the South Pacific (Figure B12.1). Area 71
includes the South China Sea, Sulu-Celebes Sea, Arafura Timor Sea and the Gulf of
Thailand as well as a significant amount of open ocean on the western side. More than
half of this area covers a large continental shelf (6.6 million km?) that is bordered in the
north by Southeast Asian countries and in the southeast by Indonesia and Australia.
The majority of this the shelf lies within the EEZs of Southeast Asian countries, and
this is reflected in the major contribution these countries make to the total production
of Area 71.

The region is characterized by a complex geomorphology, making this region one
of the most highly diverse marine areas in the world, including continental, island and
archipelagic countries. The Indonesian and Philippine archipelagos comprise more

FIGURE B12.1
The Western Central Pacific (Area 71)
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than 7 000 islands. The coastlines of each of these two countries covers 54 716 km and
36 289 km, respectively. The Gulf of Thailand is a large shelf area with a maximum
depth of about 80 m and a tropical climate governed by the monsoon regime. This is
a highly productive area, mainly because of the high nutrient input coming from the
rivers discharging into the Gulf of Thailand. However, its fishery resources are severely
overexploited (Kongprom et al., 2003), and by 1995 biomass levels were already less
than 10 percent of the biomass in the early 1960s. Reported production for the area still
seems to be rising, although this is probably a reporting effect of catches from other
fishing areas, as fishery assessments indicate clear overfishing effects.

Moving eastwards, the less productive South China Sea also has a tropical climate
influenced by the monsoon seasons. Productivity is relatively stable in this region,
with limited seasonal and interannual variability. The region is well known for its high
marine shallow-water biodiversity. The South China Sea has stocks of marine pelagic
species that are exploited for a variety of uses. Despite the increases in reported catches
(see below), the fishery resources of this region are also considered to be overexploited.
In some cases, these resources are also heavily depleted.

The Sulu- Celebes Sea, bordered by Malaysia, Indonesia and the Philippines is also
highly diverse with many species found in the extensive coral ecosystems. In terms
of capture fisheries, this region is not highly productive. The reefs provide fish for
local consumption, and the region is exploited for live reef fish and marine ornamental
trade. The high marine diversity here is threatened by a number of human-induced
factors (overfishing, use of poison and dynamite fishing) and pollution. It is also
threatened by extreme weather events, such as the two warm events of 1988 and 1998
that resulted in widespread coral bleaching and restructuring of coral communities.
During the southwest monsoon months, the northern and central parts are affected by
revolving tropical storms (typhoons) from the Pacific Ocean, bringing intense rains and
destructive winds.

ThelIndonesianSeaisbordered by Indonesiaand Timor-Leste. This seais characterized
by complex and strong currents, as the main water exchange between the Pacific and
Indian Oceans takes place in this region. Productivity is high owing to the vertical
currents (upwellings) that take place as a result of the monsoon winds. Fisheries include
both artisanal as well as industrial operations. Despite increasing reported landings in
this region in past decades, there is evidence of resources being overexploited, well
beyond their biological limits (Dwippongo et al., 1987). Moreover, pollution from urban
centres and from agriculture activities as well as siltation from deforestation and mining
all result in major negative impacts on the marine environment and its resources.

The north and northeast Australian shelves make up the remainder of Area 71.
Productivity is high along the northern coasts, mainly because of tidal mixing but also
as a result of monsoon winds and tropical cyclones. This region is connected to the
Indonesian Sea by the Indonesian Throughflow that brings warm Pacific water into the
Indian Ocean. The marine fauna consists of species common to the Indo-Pacific. There
are very few examples of resources being depleted, but most stocks are fully exploited.

The main fishery resources in the coastal areas of Area 71 include small pelagics
(about 3 million tonnes) various demersals (with penaeid shrimps probably being
the most economically valuable), and invertebrates (1.3 million tonnes) as well as a
significant, large category of non-identified fish. The oceanic waters of the Western
Central Pacific have large tuna resources, with catches of 2.9 million tonnes. Total
catches of Area 71 increased steadily from 1950 to 2003, when the catch reached nearly
11 million tonnes. Since then, the catches have stabilized with 11.2 million tonnes
caught in 2009. The majority of the catch is consumed locally by the large populations
present in many of the bordering countries. The major export commodities in Area 71
are tunas and, to a far lesser extent, shrimp. An increasing amount of the low-value
catch (including a significant amount of “trash fish” from the trawl fisheries) is now
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reduced to fishmeal and fish oil or used directly as unprocessed feed for the aquaculture
industry. Increasingly, there are efforts to improve the quality and preservation of some
of this catch (estimated at more than 300 000 tonnes) and divert it into processing for
surimi.

Despite the rapid and continued development of fisheries in Area 71, knowledge of
the status of the main fish resources is still very poor. The conditions in which fishery
administrations operate are extremely challenging, with a very high population density
in most coastal areas, a complex geomorphology and very high biological diversity.
These conditions make collecting fishery statistics, developing reliable assessments and
managing fisheries extremely challenging. While information on catches and status of
stocks is poor and highly uncertain, there is some good evidence that major declines in
fish productivity have taken place and that these add to the impacts of other land-based
activities.

PROFILE OF CATCHES

The catches in Area 71 increased steadily from 540 000 tonnes in 1950 to 10.5 million
tonnes in 2002 but have stabilized in the last few years with a total catch for 2009
of 11.2 million tonnes (Figure B12.2, Table D14). The five Southeast Asian countries

FIGURE B12.2
Annual nominal catches by ISSCAAP species groups in the Western Central Pacific (Area 71)
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FIGURE B12.4
Annual nominal catches of selected species in
ISSCAAP Group 35, Western Central Pacific (Area 71)
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FIGURE B12.5
Annual nominal catches of selected species from
ISSCAAP Groups 33 and 38, Western Central Pacific
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FIGURE B12.6
Annual nominal catches of selected species in
ISSCAAP Group 45, Western Central Pacific (Area 71)
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increased rapidly in the past 30 years following
the introduction of large purse seine vessels.
The catch rose from less than 100 tonnes in
1970 to more than 1 million tonnes in 2002 and
turther increased to 1.6 million tonnes in 2009.
The catch of yellowfin tuna in this region has
fluctuated around an average of 400 000 tonnes
for the past ten years. While the catches of the
other tuna, bonitos and billfishes have increased,
the reported catch of tuna-like species has
declined. This may represent improved catch
reporting as a result of the increased observer
coverage and training now occurring in many
of these fisheries. The catch of the more coastal
kawakawa has also declined in the last six
years, from a peak of 277 000 tonnes in 2002 to
179 000 tonnes in 2009 (Figure B12.3).

The other main components of the catch
include: miscellaneous pelagic fishes ISSCAAP
Group 37) at 16 percent; miscellaneous coastal
fishes (ISSCAAP Group 33) with 11.1 percent;
and herrings sardines, anchovies (ISSCAAP
Group 35) with 10.4 percent. Shrimps, prawns
(ISSCAAP Group 45) and cephalopods
(ISSCAAP Group 57) only constitute 3.6 and
4.6 percent of the total, respectively. Despite
their small contribution to the total catch, both
these groups are economically important to the
countries in this region.

There hasbeen no overall increase in the catch
of scads and other groups in the miscellaneous
pelagic group (ISSCAAP Group 37), and even
a slight decrease in recent years. Similarly,
for herring, sardine and anchovy (ISSCAAP
Group 35), the catches of the group, which
include Sardinella gibbosa and Stolephorus
anchovies, has been relatively stable for the past
15 years except for the slight increase observed
in 2009 (Figure B12.4). While the overall catch
of the miscellaneous coastal fishes (ISSCAAP
Group 33) has continued to increase, the catches
of some key components such as threadfin
bream have shown sharp reductions in the last
few years as have those of sharks, rays and
skates (ISSCAAP Group 38, Figure B12.5).

Except for the catch of natantian decapods,
which has remained at or near 200 000 tonnes
for the past eight years, most of the shrimp
and prawn catches have declined in the past
decade. These declines have led to a lowering

of the overall catch of this group (ISSCAAP Group 45) from 460 000 tonnes in 2002
to 405 000 tonnes in 2009 (Figure B12.6). The total catch of cephalopods (ISSCAAP
Group 57) has only increased slightly from 496 000 tonnes caught in 2002 to
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506 000 tonnes in 2009, which was generated
by the rapid increase in catch of the other FIGURE B12.7
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of trawl fishing in the Gulf of Thailand in the

1960s resulted in the overexploitation of demersal resources. The most recent stock
assessments suggest that this status has not changed (FAO, 2010, Table D14). Trawling
has spread throughout the region to most areas with shallow shelf waters, alongside
pushnetting-type gears. Consistent with the trends in overall catches of the different
groups of coastal fish resources, the majority of stocks are now considered to be at
least fully exploited in the east of Area 71 (e.g. Indonesia, Malaysia, the Philippines and
Thailand). Some species (e.g. threadfin bream and pony fish) are targeted for surimi
production and considered to be overfished at least in some places (e.g. Thailand).
Substantial quantities of several other species groups such as lizardfishes and goatfishes
are also used for surimi production. For example, in Thailand, production of surimi
exceeded 300 000 tonnes in 2007, corresponding to about 1.2 million tonnes of
unprocessed fish (Lymer, Funge-Smith and Miao, 2010). For the invertebrate groups,
the crustacean (shrimp and crabs) and cephalopod (squid and cuttlefish) resources are
considered to be at least fully fished, but overfished in one or more of the countries (e.g.
Thailand and Cambodia; FAO, 2010).

Shrimp fisheries are important in this region, with Indonesia, Viet Nam, Thailand,
Malaysia, the Philippines and Australia being the main producing countries. In 2009,
Indonesia reported 150 000 tonnes of shrimp (ISSCAAP Group 45) and Viet Nam
127 000 tonnes. After China and India, Indonesia’s shrimp catch is the largest in the
world. However, shrimp fishing generates a multitude of conflicts, most of which
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involve small-scale fisheries. The effectiveness of the 1980s trawl ban in Indonesia
waters has been eroded and, today, there are countless boats that catch shrimp using
many types of fishing gear, a situation exacerbated by illegal activity and poor statistical
information (Gillett, 2008).

In the south of the region, there are important shrimp fisheries to the south of
Timor-Leste that are exploited by Indonesia and Australia. Shrimp fisheries in the
Arafura Sea exploit various species of penaeid shrimp but the major species includes
banana shrimp (Penaeus merguiensis) and various species of the genus Metapenaeus,
particularly M. endeavouri and M. ensis, which are considered to be depleted. The
shrimp fisheries off the Northern Territory and in the Gulf of Carpentaria in Australia
also exploit banana shrimp, white shrimp (P, indicus), brown tiger shrimp (P. esculentus)
and grooved tiger shrimp (P. semisulcatus) and a number of other species with a total
catch in 2009 of 5 200 tonnes and a value of US$74 m. The main shrimp stocks and
fishing levels are considered to be at acceptable levels (BRS, 2010).

Management of these shrimp fisheries is rather diverse. In Australia, restricted entry
began in the late 1960s. The fishery is managed jointly by the Government and industry
through the Prawn Fisheries Management Committee headed by an independent
chair. The fishers themselves take an active role in research by participating in stock
assessments using their vessels and crew (Gillett, 2008). However, in many other
fisheries, the number of shrimp trawlers has increased under an essentially open-access
regime with no formal management plans in place. Despite the lack of economic data
on shrimp fishing, there are indications that, in many cases, both the profitability of
individual shrimp fishing operations and the rent from the various shrimp fisheries are
low. A rising proportion of trash fish and falling CPUEs are observed in many fisheries
(Gillett, 2008).

Many of the countries within Area 71 have established fishery zones and/or
management areas. These vary between zones established to separate coastal small-boat
fisheries from larger-powered vessels, and larger zones delineated according to provincial
or other political boundaries or fishing areas. Despite this zoning, considerable problems
remain with the enforcement of measures, owing to weak MCS systems. In response to
this, Indonesia and Malaysia have developed wheelhouse marking schemes to provide
quicker visual indications of whether a vessel is operating in the right zone or not.

In the north of Area 71, apart from 