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region by rational utilization of the resources for providing
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PREFACE

Information on status and trends of fisheries is widely recognized to be crucial in serving as a basis
for sustainable develop^nt and management of fisheries. The "Resolution on Sustainable Fisheries
for Food Security for t^ASEAN Region Towards 2020" adopted during the ASEAN-SEAFDEC
Conference in 2011 emphasized the necessity to ''"'strengthen knowledge/science-based development
and management offisheries"; while the "Plan of Action" stressed the need to ^""strengthen national
statistical mechanismsforfisheries and aquacultiire and the exchange ofstatistical data and related
information: and include other non-routine data and information such as fish consumption surveys as
well as mobilizing local and indigenous knowledge with the aim ofimproving the valuation offisheries
and monitoring their performance, to address the needs of the ecosystem approach to fisheries and
adaptation to climate change".

SEAFDEC throughout the past decades had undertaken several activities to compile various forms
of fishery-related data and information. These include regional fishery statistics based on the national
statistics data provided by the Southeast Asian countries, as well as other data and information from
different SEAFDEC programs/projects, e.g. fishery resources surveys in the Southeast Asian waters,
infonnation collection of highly migratory species,, deep sea fishery resources exploration, tagging of
sea turtles and research study on their habitats, tagging of economically-important pelagic species,
development and usage ofpractical indicators for sustainable development and management ofcapture
fisheries, among others. However, the outputs from these initiatives had rarely been integrated or
digested to come up with information that could be used to support development and management for
sustainable fisheries of the region.

• •

SEAFDEC therefore undertakes a pilot exercise in developing the publication entitled "The Southeast
Asian State of Fisheries and Aquaculture" or "SEASOFIA" aiming to provide platform for
compilation of synthesized data and information generated from various programs of activities,
incorporating other data and information available in the region, in order to provide better understanding
on the status and trends offisheries and aquaculture of the region. Also included in the publication are
selected fisheries-related issues/challenges and the outlook offisheries and aquaculture, in order to raise
awareness/preparedness and enhance the capacity of countries in the region in response to the issues.

This SEASOFIA 2012 is considered as our first step towards this direction. We do hope that you find
the information in this publication usefiil in providing clearer picture and better understanding on the
fisheries situation of the region; and could contribute to improving science-based policy planning and
management offisheries in order to achieve sustainable fisheries and enhancing the contribution from
fisheries to food security in the years to come.

Chumnam Pongsri, Ph.D.
Secretary-General

SEAFDEC
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SEASOFIA: The Southeast Asian State of Fisheries and Aquaculture 2012

PART I

Status and Trends of Capture Fisheries
and Aquaculture in Southeast Asia

GLOBAL PRODUCTION AND

UTILIZATION OF FISH

Fish and fishery products are among the most important
agriculturalcommoditiesproviding significantcontribution
to the world's food security and economic development.
Out of the total value of the global agricultural products
reported at US$ 1,168.85 billion in 2009, fish or fishery
products accounted for US$ 90.73 billion or about 8% of
the total value (WTO, 2010). Aside from its contribution
to the world's economies, fish and fishery products are
also important source ofprotein for people worldwide and
represent a significant part of the diets ofpeoples in many
countries. From 2000 to 2009, the global fishery production
had continuously increased from about 131.0 million MT
to 145.1 million MT (Table 1) while the percentage of the
production for human consumption also gradually rose
from almost 74% to 81% (Fig. 1). It should however be
noted that the increasing trend in total fishery production is
mainly due to the increasing contribution from aquaculture
sector, while the production from capture fisheries has
gradually been declining. With the world's population
increasing from 6.1 billion to 6.8 billion over the same
period, the per capita fish consumption has also escalated
(Fig. 2) and is expected to continue to rise particularly in
the developing countries where the population and demand
for food are continuously growing because of increased
income and purchasing power for high value and quality
food including food fish. In addition, the fishery sector with
its ancillary activities which has expanded with increased
numbers of people employed, significantly contributes to
improved livelihoods and employment opportunities, as
well as to the enhanced well-being of millions of peoples
including those in the Southeast Asian region.

%

82 - -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 1. Percentage of fishery production used for human
consumption from 2000 to 2009

Sources of data: FAO State of World Fisheries and Aquaculture 2004 and 2010

2000 2001 2002 2003 2004 200S 2006 2007 2Q0fi 2009

Figure 2. Global per capita fish consumption (kg/year) from
2000 to 2009

Sources of data: FAO State of WorldFisheries and Aquaculture 2004 and 2010

The global fishery production by continent (Table 2}
indicates that production from both capture fisheries and
aquaculture during the period from 2000 to 2009 had been
increasing at the rate of approximately 1.41 million MT
per year. In the like manner, production from the Asian
Continent (including Southeast Asia) also increased by

Table 1. World's fishery production and utilization from 2000 to 2009

Production (million MT)

Capture

Aquaculture

Utilization (million MT)

Human consumption

Non-food uses

Population (billions)

% of production for human
consumption (%)

Per capita fish consumption (kg) 15.9 16.2 16.2

Sources; FAOState of World Fisheries and Aquaculture 2004 and 2010



Southeast Asian Fisheries Development Center

about 1.96 million MT per year. Specifically in 2009, and Vietnam; but, due to the inavaiiability of fishery
the Asian Continent remained the world's largest fish statistics and information from Timor-Leste, the scope of
producer contributing about 66% to the world's total this publication would focus mainly on the ten ASEAN
fisheryproduction. Member Countries.

Moreover, the contribution of the Southeast Asian region
to the total fisheryproduction in 2009 was about 30% with
respectto theAsianContinent's total production and 20%
to theglobal fishery production. While the ten-yearglobal
fishery production seems to follow an increasing trend,
some of the world's continents such as the Americas and

Europe had been providing stable or gradually declining
inputs but the contribution from Asia and the Southeast
Asian region has continued to be steadily increasing and
providing significant contribution to the rising fishery
production of the world.

II, FISHERY PRODUCTION OF SOUTHEAST
ASIA

The Southeast Asian region (Fig. 3) is bordered by the
Andaman Sea and the Indian Ocean on the west, and the
western part of the Pacific Ocean on the east. Although
the region comprises 11 countries, namely Brunei
Darussalam, Cambodia, Indonesia, Lao FDR, Malaysia,
Myanmar, Philippines, Singapore, Timor-Leste, Thailand

In terms of fishery statistics for both capture fisheries and
aquaculture, fishery production of the countries in the
Southeast Asian region is reported under FAG Fishing Area
57 (Indian Ocean, Eastern), 71 (Pacific, Western Central),
61 (Pacific, Northwest), and 04 (Asia, Inland Water). Based
on such arrangement, the total fishery production of the
Southeast Asian region from 2000 to 2009 is compiled
by SEAFDEC from inputs of the countries and published
in the Fishery Statistical Bulletin for the South China Sea
Area 2000-2007 and the Fishery Statistical Bulletin of
Southeast Asia 2008-2009, as summarized in Table 3.

The fisheries of the region are by nature tropical, multi-
species and multi-gears, and involve large numbers
of fishers and farmers mostly engaged in small-scale
fishing operations and aquaculture practices. Indonesia
consistently remains the highest producer of fish and
fishery products from 2000 to 2009 with an average
annual production increase ofalmost one-halfofa million
MT (Fig. 4). Vietnam which also recorded an increasing
productiontrend ofabout 280,000 MT per year ranked the

Table 2. Fishery production by continent from 2000 to 2009 (million MT)

Americas

Southeast Asia"

Oceania

Excludes Southeast Asia
" Sources: Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin ofSoutheast Asia

(SEAFDEC 2010, 2011)
Source ofotherdata: FAO Fisheries andAquaculture Information andStatistics Service

Table 3. Total fishery production of the Southeast Asian countries from 2000 to 2009 (MT)

2,577

298,798

1.575

441.200

5,120,490 5,409,504

71,000 81,000

1,457.139' 1,411,7401,411,740

1,474,460

3,166,528"

7,784

3,648,429

2,009,623

1,309,830

2,993,332"

9,984

3,713,248

1,981,145

2.152 2,160

424,432 390,657

5,515,648 5,915,989

93,000 95,000

1,467,486 1,483,957

1,606,240 1,987,020

3,369,524 3,619,282

3,133

343,492

6,005,622

95,000

3,103

546,000

6,646,965

107,800

3,100

661,542

7,183,586

107,800

1,483,957 1,537,988' 1,421,403' 1,644.527'

1,987,020 2,148,580 2,581,780 2,817,990

7,795

3,797,014

2.647,407

7,109

3,914,025

2,859,200

3,926,173 4.161.870'

7,579

4.137,066

2,944,030

7.837

4,132,826

3,397,200

4.408.472"

11,675

4,051,824

3,656,152

3,227

525,100

7,510,767

91,660

1,654,221

2,808,037

4.711.252"

8,026

3.675.382

4,315,500

2,747 2,418

536,320 515.000

9,054,873 10,064,140

93,500 105,000

1.753.310' 1.870.000'

3,147.605 3,491,103

4.966.889" 4.079.977"

5,141

3.204,200

4,559,720

5,687

3.137.672

4,782,400

Brunei Darussalam

Cambodia

Indonesia

LaoPDR

Malaysia

Myanmar

Philippines

Singapore

Thailand

Vietnam

Total 16,937,296 17,621,843 18,9j^761 _20,274.3M 21,147,665_22,987,784 24,501,878 25,302,872 27.207,826 28,917,096
Sources; Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011]

Updated figures provided by Fisheries Management Information Division. DoF Malaysia: but not used for the calculation oftotal production
Updated figures provided by the Philippine Bureau ofAgricultural Statistics.Department ofAgriculture, but not used for the calculation oftotal production
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Figure 3. Map of Southeast Asia (above) with corresponding
FAO Fishing Areas (below)

second with Myanmar and Philippines having production
growth of about 200,000 MT per year placing third and
fourth, respectively. Although Thailand's production
was second after Indonesia in 2000, its production went
through a see-saw pattern during the ten-year period until
2009 that landed the country into the fifth place in terms
of total fisheiy production. From an increasing production
growth of about 85,000 MT per year from 2000 to 2004,
the fisliery production of Thailand decreased from 2005
until 2009 at an average rate ofabout 200,000 MT per year.
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Figure 4. Fishery production of Southeast Asia by country

Table 4. Fishery production (quantity and value) of
Southeast Asia by sub-sector in 2009

Sub-sector Quantity
(MT)

Value
(US$1000)

Value
(US$/MT)

MarineCapture Fisheries 14,140,387 10,416,661 737.00

Inland Capture Fisheries 2,397,273 2,834,477 1,182.00

Aquaculture 12,379,436 15,964,173 1,290.00

Total 28,917,096 29,215,311

Source; Fishery Statistical Bulletin of SoutheastAsia (SEAFDEC. 2011)
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Figure 5. Percentage of Southeast Asia's fishery production by
sub-sector in 2009 (left: by quantity; right: by value)

The fishery production of Malaysia also encountered ups
and downs during the same ten-year period.

Fishery production of the Southeast Asian region
comes from three sub-sectors, namely marine capture
fisheries, inland capture fisheries, and aquaculture.
Table 4 which shows the total fishery production of the
region by sub-sector in 2009 indicates that the largest
portion of the production is derived from marine capture
fisheries accounting for approximately 49% followed by
aquaculture of about 43%, and inland fisheries 8% (Fig.
5). While marine fisheries contribute the largest volume
of production, its production value which accounts for
36% of the total production value only comes next to
aquaculture which contributes approximately 54% and
that of inland capture fisheries was about 10%. While the
value per metric ton of aquaculture production was about
US$ 1,290/MT that of marine capture fishery production
was only about US$ 740/MT.

ill. MARINE CAPTURE FISHERIES
PRODUCTION OF SOUTHESTASIA

While the trend of the global marine capture fishery
production seems to have slightly declined from 2000 to
2009 (Fig. 6), the production trend of the Southeast Asian
region had been increasing at the rate of approximately
251.100 MT per year. In 2009, the Southeast Asian region
contributed about 18% to the world's global production
from marine capture fisheries.



Southeast Asian Fisheries Development Center

100,000,000

60,000,000

60,000,000

Total

^"Africa

^Axnerica

—

""SoutheastAsia

"—Europe

—K)ceania

2000 2001 2X12 2003 2004 2005 2006 2007 2008 2009

Figure 6. Global trend in marine capture fisheries
production (*Asia excludes Southeast Asia)

The marine capture fishery production of the Southeast
Asian countries in 2000-2009 (Table 5) indicated that
Indonesia which is the largest producer accounting for
34% of the total production of the region in 2009, The
Philippines which emerged as the second largest producer
of the region contributed 17% to the total production
of the region. After Indonesia and Philippines come
Vietnam accounting for about 15% ofthe total production,
Myanmar at 13%, Thailand at about 11 %, and Malaysia at

about 9% of the total production. Moreover, the volumes
of the marine capture fishery production of Cambodia,
Singapore and Brunei Darussalam represent less than 1.0%
of the region's total production while Lao PDR does not
produce any marine aquatic products being a landlocked
country.

As mentioned earlier, the trend ofmarine capture fisheries
production in the Southeast Asian region has been
increasing from 2000 to 2009 at an average increase of
about 251,000 MT per year. The countries that contribute
to the increasing production trend include Indonesia,
Myanmar, Vietnam, Philippines, Malaysia and Cambodia
while in the case of Thailand although its production in
2000 was 2,773,665 MT it had some traces of ups and
downs in certain years and finally decreased to 1.496,162
MT in 2009. Only small amount of production from
capture marine fisheries had been reported by Singapore
and Brunei Darussalam.

Specifically, Indonesia's increased production of 14 major
groups of marine species that include marine fishes nei

Table 5. Production volume from marine capture fisheries in Southeast Asia by country from 2000 to 2009 (MT)

Brunei Darussa am

Cambodia

ndonesia

Lao PDR

Malaysia

Myanmar

Philippines

Singapore

Thailand

Vietnam

3,600

3,807,191

1,285.696'

949,670

1.740,309

5,371

2,773,665

1,280,590

3,966,480

1,231,275

1,026,460

1,809,727

3,342

2,631,702

1,481,175

45,882

4,073,506

1,272,078

1,060,250

1,899,487

2,643,711

1.575,640

55,607

4,383,103

1,283,256

1,132,340

2,031,487

2,651,223

1,647,482

55,817

4,320,241

1,331,645

1,220,030

2,067,128

2,635,969

1,745,413

60,000

4,408,499

1,209,601

1,375,670

2,122,216

2,615,565

1,791,100

60,500 54,900

4,512,191 4,734,280

1,371.733' 1,381,424

1,525,000 1,485,740

2,154,802 2,328,149

3,522

2,484,803 2,079,351

1,816,100 1,987,400

2,357

66,000 75,000

4.701,933 4,789,410

1,394,531 1.393.226'

1,679.010 1,867,510

2,377,514 2.413.863

1,644,800

1,946,600

1,496,162

2,098,300

11,880,478 12,196,637 12,575,367 13,188,568 13,380,841 13,586,961 13,938,748 14,056,985 13,814,368 14,140,387

Sources; Fishery Statistical Bulletin forthe South China Sea Area (SEAFDEC, 2000-2009) and FisheryStatisticalBuiletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided byFisheriesManagement Information Division. DoFMalaysia: but not used for the calculation of total production.
" Updated figures provided bythe Philippine Bureau ofAgricultural Statistics.Departrnent ofAgriculture: but not used forthe calculationof total production.

Table 6. Production value from marine capture fisheries in Southeast Asia by country from 2000 to 2009 (US$ Million)

1 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 1
Brunei Darussalam 8 7 5

Cambodia 111

Indonesia 1,810 2,225 2,896 2,927 3,164 3,726 4,106 4,868 4,957 1,687

Lao PDR

Malaysia 1,158' 1,096' 1,107' 1,056 1,103' 1,087' 1,343' 1.464' 1.667' 1,833*

Myanmar 1,585 3,081

Philippines 1,445 1,322 1,444 1,459 1,597 1,681 1,997 2,452 2,811 2,650**

Singapore 11 7 6 6 6 6 111,5 14.3 8.6 10.4

Thailand 1,230 1,197 1,346 1,545 1,535 1,533 1,629 1,586 1,276 1,244

Vietnam 924 875 964

Total 5,723 6,771 7,676 7,958 7,405 8,094 9,091 10,421 12,336 10,417

Sources: Fishery Statistical Bulletin forthe South China Sea Area (Sf4FD£C. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided byFisheries Management Information Division. DoF Malaysia' butnotused for the calculation of totalproduction
" Updated figure provided bythe Philippine Bureau ofAgricultural Slatistics.Departmenl ofAgriculture, but not used forthe calculation of total production
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{Osteichthyes), scad nei {Decaptenis spp.), skipjack
tuna {Katsiiw'onus pelamis), short mackerel {Rastelliger
brachysoma), stelophorus anchovies {Stelophorus spp.),
kawakawa {Eiithynuus affuus), goldstripe sardinella
{Sardinella gibbosa), yellowstripe scad {Selaroides
lep(olepis), Bali sardinella (Sa/dinella lemiini), and frigate
tuna {Auxis thoiard) among others, had contributed to the
country's overall increasing production trend. On the other
hand, although production from marine capture fisheries of
Myanmar and Vietnam had not been classified by species,
both countries recorded escalating production trend of
marine fishes nei (Osteichthyes). In the case ofMyanmar,
its production is mainly from Area 57 in the Eastern
Indian Ocean, while for Vietnam its production comes
from Area 71 in the Western Central Pacific Ocean. For

the Philippines, increased production of six major groups
of marine species that include sardinellas nei {Sardinella
spp.), skipjack tuna {Katsiiwonus pelamis), scad nei
{Decaptenis spp.), yellowfin tuna {Tlninmis albacares),
frigate tuna {Auxis thazard), and bigeye scad {Selar
crumenophthalmiis) among others, contributed to the
country's rising production from marine capture fisheries.

Although some Southeast Asian countries did not report
the value oftheir production from marine capture fisheries,
the total value of the region's marine capture fishery
production from 2000 to 2008 seemed to have increased
corresponding to the increasing trend of the volume of
production, but eventually dropped in 2009 (Table 6). This
could have been due to the drastic drop of the production
values of Indonesia and Philippines during the same year.
Although Myanmar reported the value of its production
only in 2008 and 2009, such value increased by almost
200% between these two years.

While production from marine capture fisheries of
Indonesia especially from 2008 to 2009 appears to have
been increasing, the value of its production during the
same period decreased by about 60%. which could be
due to the decreasing values of the production of major
species that ranged from 86% for marine species nei. 83%
for barramundi {Lates calcarifer) and scad nei {Decaptenis
spp.), 81% for skipjack tuna, 80% for narrow-barred
Spanish mackerel {Scomberomorus commerson), 78%
for snappers nei {Liitjauus spp.). 77% for longtail tuna

Table 7. Production from marine capture fisheries of the Southeast Asian countries by species groups in 2009

Major species
groups

Quantity (MT) Value
(US$
1000)

Shads, milkflsh,
barramudi, etc.

Flounders,
halibuts, soles,
etc.

Red fishes,
basses, congers,
etc.

Jack, mullets,
sauries, etc.

Herrings, sardines,
anchovies, etc.

Mackeres

Sharks and rays

Misc. fishes

Crabs

Lobsters

Shrimps, prawns,
etc.

Misc, crustaceans

Oysters

Mussels

Cockles, clams,
etc.

Cuttlefish, squids,
etc.

Invertebrates

Brunei
Darussalam

Cambodia hdonesia Malaysia

87,520 16,773

28,930

127,980 47,878

791,190 176,736

569,570 26,024

925,660 56,012

1,258,490 409,517

26,278

55,460 401,607 412,878

69,320

11,500

139,750 29,264

96,160 73.137

71,790 23,746

100,680 81,136

14,527

75,000 4,789,410 t.393.226*

Source: Fishery Slatistical Bulletin ot Southeast Asia ISEAFDEC. 20111
• Updated figure provided by FisheriesManagement information Division

Myanmar Philippines Singapore Thailand Vietnam

107,927 42,075

43,287 39,906

13,619 96 31,685 221,259 108,611

346,167 501 124,756 .. 1,439,506 924.786

560,739 43 101,608 ... 1,258,275 587,971

612,008 47,490 1,641,354 1,218,040

699,498 243 401,564 2,769,890 1.990,401

14,354 18,105 157,852 174,101

1,867,510 16,920 460 543,077 1,572,100 4,870,505 3,548,806

31,241 25,270 125,865 156.171

13,615 20,367

41,511 52,084 262,712 508,306

5.170 127.300 313.094

16.295 112.192 141.301

70,361 97 112,815 365,140 929.

22,268

3,965 398,900 414.760 14.148

1,867,510 2,418,838 2,121 1,496,162 2,098,300 14,140,387 10,416,661

DoF Malaysia
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{Thunnus tonggol), and 73% for yellowfin tuna {Thimmis
albacares) among others.

In the case of the Philippines, while its production from
marine capture fisheries also increased from 2008to 2009,
the corresponding values decreased by about USS 500
million in 2009. This could have been brought about by a
notable decrease in value ofabout 89% in marine fishes nei
followed byslightdecreases by 11 to 17% of the values of
Indian mackerel {Rastrelliger kanagiirta), skipjack tuna,
yellowfin tuna, and scad nei {Decaptenis spp.).

Specifically for 2009, production from marine capture
fisheries of the Southeast Asian countries classified into

species groups and reported in terms ofquantity and value
(Table 7), indicated that about 34% of the volume of the
total marine capture production are from "Miscellaneous
Fishes" although such volume was not recorded at more
detailed species level. However, for some species that have
been classified into major groups, the largest volume was
provided by "Mackerels" followed by "Tunas", "Jack,
mullets, sauries", and "Herrings, sardines, anchovies".
For the non-fish groups, the largest volume was derived
from "Cuttlefishes, squids" followed by "Miscellaneous
crustaceans" and "Shrimp, prawns".

However, the highest value of the production per metric
ton was that of the mussels at USS 2,850/MT which
were mainly produced by Indonesia and small quantity
by the Philippines. This was followed by "Cuttlefishes,
squids" at USS 2,545/MT produced mainly by Indonesia
and Thailand; oysters at USS 2,140/MT from Indonesia;
"Shrimp, prawns" at USS 1,935/MT from Indonesia,
Thailand, Philippines and Malaysia; lobsters at USS
1,495/MT mainly from Indonesia and Thailand; crabs at
USS 1,240/MT from Indonesia, Philippines and Thailand;
and sharks and rays at USS 1,100/MT from Indonesia,
Malaysia, Philippines, and Thailand.

3.1 Tunas

Tuna species which are important commercial fishery
resources in the exclusive economic zones (EEZs) of the
countries in Southeast Asia are laxonomically grouped into
the family Scrombridae comprising about 50 species. The
important tuna species in the region, in lemns ofproduction
quantity and value, that arc caught include the skipjack
tuna {Katsmvoniis pelanus), yellowfin tuna {Thunnus
albacares), bigeye tuna {T. ohesus), albacorc tuna {T.
alalunga), bluefin tuna (71 ihvnnus, T oricntalis. and T.
macoyii), and the tuna-like species such as the long-tail
tuna (71 tonggoi), frigate tuna {Auxis {hazard), bullet tuna
{A. rochet), and kawakawa {Eiuhynnus ajjinis).

As of 2009, only six countries, namely: Brunei Damssalam,
Indonesia, Malaysia, Philippines, Singapore, and Thailand
could provide their respective tuna production statistics
by species and by gear type, while Cambodia. Myanmar
and Vietnam, although generally known to be engaged to
a certain extent in tuna fisheries, could not provide their
respective current tuna statistics (Table 8).

Thus for the Southeast Asian region, the volume of tuna
production in 2009 was about 6%ofthe region's total fishery
production and in tenns of value, it contributed about 4%.
However, the region's tuna production accounts for about
12% in terms of volume of the region's production from
marine capture fisheries and also about 12%) in tcmis of
value. Indonesia is the leading tuna producer contributing
about 56%) of the region's total tuna production with the
Philippines coming next contributing about 37%). and then
Malaysia and Thailand with more than 3%o. Furthcmiore,
although skipjack tuna {Katsuwonus pelaniis) provided
the highest production accounting for more than 34%o of
the total tuna production of the region, in terms of value
bullet tuna {Auxis rochei) ranks first at USS 1,245/MT
(Table 9) followed by the southern bluefin tuna (Thunnus

Table 8. Tuna production of Southeast Asia by country and by species in 2009

Quantity (MT)
Common name Scientific name Brunei

Darussalam
Indonesia Malaysia Philippines Singapore Thailand

All
countries

Frigate tuna Auxis thazard 0.03 135,200 1.837' 152,338 287,538.03

Bullet tuna Auxis rochei 5,310 5,310.00

Kawakawa Euthynnus affinis 55 189,260 19.123' 49,973 22.177 282,424.60

Skipjack tuna Katsuwonus pelamis 80 300,740 4,460 251,524 2 7.532 564,338.29

Long-tail tuna Thunnus tonggol 47 98,920 27.569* 14.106 140,634.31

Aibacore tuna Thunnus alalunga 37,380 203 24 37,607.00

Southern bluefin tuna Thunnusmaccoyii 800 800.00

Yellowfin tuna Thunnus albacares 103,390 1,403 152,437 1,189 258,419.00

Bigeye tuna Thunnus obesus 54,660 1.837* 5,736 2.462 64,283.00

Total 182 925,660 56,432* 612,008 2 47,490 1,641,354.23

Source:Fishery Statistical Bulletin ofSoutheastAsia (SEAFDEC. 2011}
' Updated figures provided byFisheries Management Information Division. DoF Malaysia
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Table 9. Total tuna production of Southeast Asia by FAO Fishing Area and by species in 2009

Common name Scientific name
Quantity (MT)

Fishing Area 57 Fishing Area 71

Total (MT)
All areas

Value

(US$1000)
Ave Value
(US$/MT)

Frigate tuna Auxis thazard 55,170 232,368 287,538 237,449 825

Bullet tuna Auxis rochei 4,460 850 5,310 6,599 1,245

Kawakawa Euthyrtnus affinis 97.280 185,145 282,425 197,504 700

Skipjacktuna Katsuwonus pelamis 63,782 500,556 564,338 336,390 600

Long-tail tuna Thunnus tonggol 36,821 103,813 140,634 84.789 600

Albacore tuna Thunnusalalunga 9,467 28,140 37,607 20,260 540

Southern bluefin tuna Thunnus maccoyii 800 800 990 1,240

Yellowfin tuna Thunnus albacares 26,183 232,236 258,419 293,437 1,135

Bigeye tuna Thunnus obesus 20,217 44,066 64,283 40,622 630

Total 314,180 1,327,174 1,641,354 1,218,040 740

Source: Fishery Statistical Bulletin of Southeast Asia (SEAFDEC. 2011)

maccoyii) and yellowfin tuna {T/ninnus albacares) which
is mainly produced by the Philippines. Frigate tuna {Auxis
thazard) which ranks second in terms of tuna production
in the region contributed about 18% to the region's tuna
production but in tenns ofaverage value this species ranks
only fourth at US$ 825/MT.

In terms ofFAO Fishing Area, the region's tuna production
in 2009 mostly came from FAO Fishing Area 57 (Indian
Ocean. Western) and Area 71 (Pacific, Western Central)
although production figures are mostly based on landings
but not on fishing areas. In 2009, the average value of the
total tuna production from Fishing Area 71 was about
US$ 984 million accounting for 81% of the region's
total tuna production value while the average value of
production from Fishing Area 57 was about US$ 234
million providing the remaining 19%.

The species coming from Area 71 providing the highest
production value is skipjack tuna followed by yellowfin
tuna, frigate tuna, and kawakawa, while for Area 57 the
species that provided the highest production value is
kawakawa followed by frigate tuna and skipjack.

commodities of the Southeast Asian region. The species
have been considered as non-target species of artisanal
small-scale capture fisheries. Generally, landings ofsharks,
rays and skates comprise only a small percentage of the
production from marine fisheries in the Southeast Asian
region. Based on available data, production of sharks and
rays by type offishing gears indicated substantial amounts
of sharks and rays caught by purse seine, gill net. hook
and line, and trawl (SEAFDEC. 2006). In addition, small
amount of sharks and rays was also caught by other gears
such as traps, seine net, lift-net and push./scoop net but their
catches were not significant in terms ofquantity. However,
it is widely known that the region has the highest diversity
of species of sharks and rays, and that several species had
been proposed for listing in the Appendices of the CITES
during the past decade. Therefore, the compilation of
fishei"y statistics on sharks and rays has become necessary
in order to come up with a real picture of the resources
in the region, but considering the dearth of infonnation
and data on production of sharks and rays in the region,
information derived from relevant technical reports
especially those that emanate from various relevant R&D
activities on sharks and rays should also be availed of.

3.2 Sharks and Rays Based on the data from 2000 to 2009 reported in the
SEAFDEC Fishery Statistical Bulletin of Southeast Asia.

In contrast with the tuna species, sharks and rays may production of sharks and rays could range from 122.000
not be considered as among the major marine fishery to 184.000 MT/year while the total marine capture fishery

Table 10. Contribution of sharks and rays to the total marine capture fisheries production of the Southeast Asian
region from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

fisheiyprod^iS^ 11,880,478 12,196,637 12,575,367 13.188,568 13.380,841 13.586,961 13.938,748 14.056.985 13,814,368 14.140.387
167.459 165.551 166,543 184.382 167.604 150.811 155.941 148.932 128.262 122.381

dllQ rayS

Contribution of
sharks and rays 1.41 1.36 1.33 1.40 1.25 1.11 1.12 1.06 0.93 0.86
(%)

Sources: Fishery Statistical Bulletin for the South China Sea Area {SEAFDEC. 2000-20091 and Fishery Statistical Su//ef/nof SoufheasMsia 'S£4FDEi 2' '•
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Table 11. Production of sharks of the Southeast Asian countries from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Brunei Darussalam 24 29 15

Cambodia

Indonesia 68,366 65,860 56,906 58,100 50,967 43,306 55,944 57,462 43,625 40,950

Lao PDR

Malaysia 7.948 8,663 8,226 8,696 8,299 9,165 7.878' 7,684 7.346' 7,252'

Myanmar

Philippines 2,071 2,681 2,682 3,021 2,977 2,440 2,765 2,638 2,380 2,635

Singapore 43 32 30 17 31 23 38 42 17 20

Thailand 11,039 11,146 13,918 14,409 10,155 7,751 6,082 5,000 2.834 2,826

Vietnam

Total 89,467 88,382 81,672 84,243 72,429 62,685 72,639 72,850 56,186 53,681

Sources: FisheryStatisticalBulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided by Fisheries Management Information Division. DoF Malaysia: but not used for the calculation of total production.

Table 12. Production of rays of the Southeast Asian countries from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 1
Brunei Darussalam 70 69 56

Cambodia

Indonesia 45,260 44,451 49,492 59.459 57,977 56,731 54,584 51,077 47,609 44,660

Lao PDR

Maiaysia 16,573 16,532 15,941 19,253 16,754 15,929 16.046' 14,079 15.642' 15,091'

Myanmar

Philippines 2,248 2,867 2,986 3,156 2,799 2,308 2,544 2,560 2,370 2,591

Singapore 261 187 162 140 154 164 195 180 117 143

Thailand 13,650 13,132 16,290 18,131 17,491 12,994 10,133 8,116 6,245 6,219

Vietnam

Total 77,992 77,169 84,871 100,139 95,175 88,126 83,302 76,082 72,076 68,700

Sources: Fishery StatisticalBulletin for the South ChinaSea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided byFisheries Management Information Division. DoFMalaysia: but not used forthe calculationof total production.

production of SoutheastAsia in2009 was 14,140,000 MT.
This means that less than 1.0% of the total production
in 2009 was contributed by sharks and rays (Table
10). Specifically, the landings contribute only 1.6% for
Malaysia (Ahmad, 2011), 2.2% for Indonesia (Faizah,
2011), and 0.7% for Thailand (Ratanawalee, 2011).

For sharks, the highest producer is Indonesia followed by
Malaysia. Although Thailand was also a top producer of
sharks in the early 2000s, its production started to decline
in 2004 (Table 11). Likewise for rays, the main producer
is Indonesia followed by Malaysia with Thailand's
production declining since 2004(Table12). Production of
the Philippines for both species had also been considerably
high. However, records have shown that the overall
production of sharks and rays of the region had been
slightly decreasing. Even if some countries in this region
such as Indonesia, Thailand, Malaysia, and Philippines,
have recorded considerable production volume of sharks
and rays, only Indonesia was able to report the production
of sharks and rays at genus, family and order level as
shown in Table 13. The other countries reported only
the production by major species groups, which could be

mainly due to limited ability of local officers in identifying
the species of sharks and rays.

In terms ofvalue, Indonesia's production ofsharks in 2009
was valued at US$ 12,979,000 or at an average value of
about US$ 315/MT, while for rays the total value was US$
11,030,000 or an average value of about US$ 250/MT. As
for Malaysia, the value of its production of rays was US$
23,164,000 or an average value of US$ 1,540/MT although
the production value of sharks was not reported. Likewise
for Thailand, the value of its production of rays was US$
4,736,000 or at an average value of about US$ 760/MT.

Despite the small contribution from sharks and rays to the
total fishery production of the region, these commodities
provide significant incomes for traditional fishers and
serve as cheap source of protein for poor people in remote
areas as well as coastal communities. Many products for
human consumption could be derived from siiarks and rays
such as meat (fresh, frozen, smoked, salted) and fins (for
the famous fishery product such as the shark fins). Other
valuable products include oil (for cosmetics, squalcne,
pharmaceuticals, lubricants), skin (for food, leather goods.
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Table 13. Production of sharks and rays by species and by fishing area of some Southeast Asian countries in 2009 (MT)

English Name Scientific Name Fishing Area Indonesia's
Production (MT)

Malaysia's Thailand's Phiiippines's 1
Production (MT) Production (MT) Production (MT) 1

Thresher shark Alopias spp. 57 6,230

Thresher shark A/op/as spp. 71 2.430

Hammerhead sharks Sphyma spp. 57 1,410

Hammerhead sharks Sphyma spp. 71 2,060

Dogfishsharks Squa/us spp. 57 2,150

Dogfishsharks Squalus spp. 71 2,500

Mackerel sharks Laminidae 57 140

Mackerel sharks Laminidae 71 530

Requiem sharks Carcharhinidae 57 2,550

Requiem sharks Carcharhinidae 71 20,950

Sawfishes Pristidae 57 10

Sharks nei Sharks 7,252* 2,826 2,635

Sting rays Dasyastis spp. 57 11,600

Sting rays Dasyasf/s spp. 71 24,270

Rays, manias Rajiformes 57 - 4,663* 3,141

Rays, mantas Rajiformes 71 - 10,427* 3,078 2,591

Eagle rays Myliobatis spp. 57 1,100

Eagle rays Myliobatis spp. 71 2,500

Mania rays Mobula spp. 57 170

Mania rays Mobula spp. 71 5,110

Source: Fishery Statistical Bulletinof Southeast Asia (SEAFDEC, 2011)
' Updated figures provided by Fisheries Management InformationDivision. DoF Malaysia.

Sharks, rays,
skales, fresh or

chilled, nei

7.47%

Sharks net, frozen
66.21%

Shark fins, dried
salted, elc

Shark fins, dried,
unsaRed

22.

1,25%

Shark fre, prepared
or preserved

1.56%

Shark fins, salted

and in brine but not

dried or smoked

0.87%

Figure 7. Export volume of sharks and rays by types of
products from Southeast Asia in 2006

sand paper, etc.), cartilage (phanmaceuticals), teeth and jaw
(souvenir items, accessories), and rostrum of sawfishes

(for religious relics, traditional medicines, souvenirs,
implements for cock fighting, etc.). Although the economic
value of sharks and rays is also low compared with
other marine aquatic species, but over the years, human
exploitation of sharks and rays species has substantially
increased worldwide, threatening the populations of the
said species.

It should also be noted that, the products from sharks and
rays in the region arc mostly intended for export and arc
prepared in several fonns such as shark fins, dried, salted.

unsalted or preserved, salted and in brine but not dried or
smoked; shark liver oil, fresh or chilled, and frozen. The

total volume sharks and rays exported and the total value
of the export from the Southeast Asian countries from
1986 to 2006 are shown in Fig. 7.

IV. PRODUCTION FROM INLAND CAPTURE
FISHERIES OF SOUTHEAST ASIA

In the Southeast Asian region, inland fisheries are
generally characterized as small-scale, multi-species and
multi-gear, involving large numbers of small-scale and
subsistence fishers with large portion of the catch utilized
directly for household consumption. In 2009. the total
production from inland fisheries in the region accounted
for approximately 8% of the region's total fishery
production. Based on the production statistics repoiled
by the countries of the Southeast Asian region from 2000
to 2009 in terms of volume and values as shown Table

14 and Table 15, respectively, seven countries, namely;
Cambodia, Indonesia, Lao PDR. Malaysia. Myanmar.
Philippines, and Thailand were able to report the values of
their respective production from inland capture fisheries.
The remaining countries at this stage could not yet report
their corresponding production values from inland capture
fisheries.

Over the past ten years, the Southeast Asian production
from inland capture fisheries has been slightly increasing.



Southeast Asian Fisheries Development Center

Table 14. Production volume from inland capture fisheries of the Southeast Asian countries from 2000 to 2009 (MT)

Cambodia

ndonesia

Lao PDR

Malaysia

Myanmar

Philippines

Thailand

Vietnam

245,600

318,334

238,210

152,121'

201,500

170,00

360,000 360,300 308,750

310,240 304.989 308,693

254,880 289,940 454,320

136,347 131,644 133,292

202,500 198,700 198,400

243,583 226,958 208,623

250,00 444,000 559,642 420.000 430,600 390,000

330,880 297,370 293,921 310.457 497,740 494,630

29,800 29,800 28,410 29,200 30,000

4,283 4,353 4,469

502,550 631,120 718,000 717,640 814,740 899,430

142,019 143,806 161,394' 168,277' 181,678' 188,722'

199,600 198,800 214,000 225,600 228,600 245,500

138,800 152,325 133,600 144,800 144,800

1,159,544 1,510,996 1,516,096 1,615,906 1,179,168 1,888,279 2,136,933 2,008,301 2,329,524 2,397,273

Sources; Rsbery Stal/'sfica/Su//e(/n for the South ChinaSea Area (SEAFDEC, 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated/iguresprovidedby the Philippine Bureau ofAgricultural Statistics.Department ofAgriculture: but not used for the calculation of total production.

Table 15. Production value from inland capture fisheries of the Southeast Asian countries from 2000 to 2009 (US$ 1000)

Cambodia

Indonesia

Lao PDR

Malaysia

Myanmar

Philippines

Thailand

155,472 189,590

59,285 57,022

174,920 157,072

389,677 403,684

237,888 257,779

6,316' 6,316'

64,518 66,029

145,038 170,236

453,861 500,658

255,500 334,845

268,990 323,827 264,372 368,247 521,019 616,640

215,708 240,334 93,168

7,632' 8,446' 8.470' 9,855' 11,556' 11,014'

788,325 1,349,145

80,442 84,077 101,477 125,464 145,912 164.252

184,658 194,859 222,573 266,740 254,057 273,290

541,901 611,950 596,877 985,172 2,215,437 2,834,477

Sources; F/shery Stati'sfica/Bu//et;n forthe SouthChina Sea Area (SEAFDEC. 2000-2009J and FisheryStatisticalBulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided byFisheries Management Information Division, DoFMalaysia; butnot used forthe calculation of totalproduction.
" Updated figure provided bythePhilippine Bureau ofAgricultural Statistics.Department ofAgriculture: butnotused forthe calculation of totalproduction.

whichcouldhavebeen broughtabout by many factors that
include improvement in the national statistics collection
systems and mechanisms. Nevertheless, it should be
considered that large portions of the catch from inland
capture fisheries are directly utilized for household
consumption without proper recording and reporting. At
this point in time, it is therefore difficult to estimate the
actualtrend of the productionfrominlandcapturefisheries
in the region based only on the current available statistics.
Thus, the contribution of inland capture fisheries to the
total fisheries production of the Southeast Asian region
could not be confirmed in view of the insufficient data

from the countries. However, among the Southeast Asian
countries, Myanmar, Indonesia, and Cambodia are the top
producers from inland capture fisheries (Table 16).

Nonetheless, it should be noted that the contribution ofLao
PDR to the region's total production from capture fisheries
is significantly high considering that all its production
from capture fisheries is derived from inland fisheries.
The production ofCambodia from inland capture fisheries
represents 84% of its total capture fishery production
and 76% of the country's total fishery production. On
the other hand, the production of Myanmar from inland
capture fisheries represents 33% of its total capture
fishery production and 26% of the country's total fishery
production. Overall, the contribution of the Southeast
Asian countries' inlandcapture fisheries production to the

region's total capture fishery production is 15% and to the
region's total fishery production at about 8%.

As for the inland capture fisheries production of Indonesia,
about 38% is contributed by Mystacoleucos padangensis
of the family Cyprinidae, about 13% by freshwater fishes
nei, 6% by striped snakehead {Chana striata). 4% by Nile
tilapia {Oreochromis niloticus), another 4% by snakeskin
gourami (Trichoga.ster pectoralis), and the rest by the
various species of freshwater fishes, crustaceans and
mollusks. In terms of value, Indonesia's production of the
giant freshwater prawn [Macrohrachium rosenbergii) is
valued at US$ 5,745/MT although its volume ofproduction
was only 7,310 MT in 2009. The second highest valued
species is the striped snakehead at US$2,100/MT followed
by snakeskin gourami at US$ 1,365/MT, freshwater fishes
nei at US$ 1,135/MT and Nile tilapia at US$ 1,075/MT.
The value of its production ofMystacoleucos padangensis
was US$ 430/MT.

In the case of Thailand, the main inland capture fishery
species produced was classified as freshwater fishes nei
contributing about 33% of the countiy's total production
from inland fisheries followed by Nile tilapia at 20%,
silver barb {Barbonymus gonionotus) at 18%. striped
snakehead at 8%, and the rest by the other freshwater
fishes, crustaceans and mollusks. While the average
value of freshwater fishes nei was US$ 73()/'MT. striped
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Table 16. Contribution of inland capture fisheries to the respective Southeast Asian country's total fishery production in 2009

Country Production from inland
capture fisheries

(MT)

Total capture fishery
production

(MT)

% of inland capture
fishery production to
total capture fishery

production (%)

Totalfishery production
(capture and
aquaculture)

(MT)

7oof inland capture
fishery production to

total fishery production
(%)

brunei Darussa am

Cambodia

hdonesia

Lao FDR

Malaysia

Myanmar

Philippines

Singapore

Thailand

Vietnam

390,000

494,630

30,000

899,430

188,722*

245,500

144,800

2,397,273

465,000 515,000

5.284.040 10,064,140

30,000 105.000

1.395,557 1.729.002

2,766,940 3,491,103

2,602,585 5,079,977*

1,741,662 3,137,672

2,243,100 4,782,400

16,537,660 28,917,096

Source; Fishery Statistical Bulletin of Southeast Asia (SEAFDEC, 2011)
' Updated figuresprovided by the Philippine Bureau ofAgricultural Statistics.Department ofAgriculture: but not used for the calculationof total production.

snakehead had the highest average value at US$ 2,025/MT
followed by Nile tilapia at USS 1,070/MT and silver barb
at USS 980/MT. No further analysis could be done on the
values of the production from inland capture fisheries of
Cambodia and Myanmar because the volumes and values
oftheir respectiveproduction were not reported by species.
Therefore, even if production from inland capture fisheries
is not very high compared to the other fishery sub-sectors,
but for some countries in Southeast Asia especially
Cambodia, Lao PDR and Myanmar, the contribution of
their respective inland capture fisheiy production to the
region's total fisheiy production is considerably significant
as indicated in Table 16. Thus, the importance of inland
fisheries could not be undermined and its sustainable

development should be appropriately addressed under
the relevant national and regional fisheries-related
mechanisms.

V. AQUACULTURE PRODUCTION OF
SOUTHEAST ASIA

The over-exploilalion of the fishci^ resources in the major
fishing areas of the world coupled with the deterioration of
the habitats resulted in the continuous decline ofproduction

from marine capture fisheries, while the demand for fish
food remains high and increases to certain extent with
the escalating world's population. Aquaculture has the
potentials to fill the gap between supply and demand for
fish products. The global supplies from aquaculture during
the period from 2000 to 2009 had sprung at the rate of
1.46 million MT annually from 2000 to 2009. Asia is the
largest producer, with its production (including that of
Southeast Asia) accounting for about 91% of the global
total aquaculture production, out ofwhich production from
the Southeast Asian counties accounted for 17% of the

world's total aquaculture production (Table 17).

From 2000 to 2009, the total production from aquaculture
in the Southeast Asian region grew at an average rate
of about 868,330 MT/year, while its contribution to the
total fishery production had steadily increased by almost
double from 22% to 43% (Table 18 and Fig. 8). Based on
culture areas and species cultured, aquaculture is broadly
classified into mariculture, brackishwater culture and

freshwater culture. In 2009, mariculture contributed about

40% to the total aquaculture production of the region,
while 22% and 38% came from brackishwater culture and

freshwater culture, respectively.

Table 17. Aquaculture production by continent from 2000 to 2009 (MT)

Word

Americas

Southeast Asia

Oceania

35,527,690 37,871,216 39,827,801 41,927,958 41,932,297 44,302,706 47,380,956 49,919,261 52,537,253 55,125,167

451,363 489,358 568,516 619,604 637,646 727,332 842.978 916,008 1.061,773 1.103.492

1,457,011 1,765,456 1,873,018 1,975,716 2,162,782 2,192,047 2,405,572 2,385,009 2,527.746 2,609,930

27,728,412 29,138,351 30,403,415 31,601,474 30,506,286 31,589,971 33,347.606 34,853,630 35,392,453 36.371,354

3,698,068 4,257,005 4,806,000 5,439,809 6,308,557 7,512,534 8,426,187 9,237,586 11,063,934 12,379,436

2,056,224 2,092,225 2,042,630 2,159,636 2,171,691 2,121,195 2,185,861 2,352,715 2,313.510 2.484,585

138,612 128,821 134,222 131,719 145,335 159,627 172,752 174,313 177.837 176,370

' Excludes Southeast Asia

'* Sources: FisheryStatistical Bulletin forthe South ChinaSea Area iSEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia
iSEAFDEC2010. 2011}

Source of other data: FAOFisheries and Aquaculture Information and Statistics Service
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Table 18. Total fishery and aquaculture production by aquaculture sub-sector of the Southeast Asian countries
from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Total Fishery
Production

Total
Aquaculture
Production

• Mariculture

16,937,296 17,621,843 18,930,761 20,274,399 21,147,665 22,987,784 24,501,878 25,302,872 27,207,826 28,917,096

3,696,068 4,257,005 4,806,000 5,439,809 6,308,557 7,512,534 8,426,187 9,237,586 11,063,934 12,379,436

1,219,702 1,489.952 2,114,640 2,230.322 2.712,679 3,005.014 3.623.260 3.879.786 4.646.146 4.945,239

• Brackishwater 1,108,821 1,191,961 1,297,620 1,468,748 1.514.054 1.953.253 1.853.761 2.032.269 2.072.026 2.694.336
culture

• Freshwater culture 1,367,545 1,575,092 1,393,740 1,740,739 2,081.624 2,554.262 2.949.166 3.325.531 4.345.762 4.739.861

Sources: Fishery StatisticalBulletin for the South China Sea Area (SEAFDEC. 2000-2009} and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)

Table 19. Aquaculture production by aquaculture sub-sector of the Southeast Asian region in 2009 (MT)

Brunei
Darussalam

72 354 34 460 5.161 11,220

Cambodia 4,925 75 45,000 50,000 87,954 1,760

Indonesia 2,537,100 1,080,700 1,162,300 4,780,100 5,189,522 1,090

Lao PDR 75,000 75,000 111,801 1,490

Malaysia 111.524* 69,296* 152,630* 333,450' 700,910 2,100

Myanmar 50,464 2,926 670,773 724,163 853,165 1,180

Philippines 1,860,462 308,440 308,490 2,477,392 1.710.608" 700

Singapore 3,286 280 3,566 8,793 2,500

Thailand 316,927 558,444 520,639 1,396,010 2,422,630 1,740

Vietnam 172,003 554,397 1,812,900 2,539,300 4,867,779 1,920

Total 4,945,239 2,694,336 4,739,861 12,379,436 15,968,676 1,290

Source:FisheryStatisticalBulletin of Southeast Asia (SEAFDEC. 2011)
' Updatedfiguresprovided by Fisheries Management Information Division. DoF Malaysia:but not used for the calculation of total production.
" Updatedfigure providedby the Philippine Bureau ofAgricultural Statistics.Department ofAgriculture: but not used for the calculation of total production.

* the Philippines, but for production from brackishwater
5°-® culture, Thailand and Vietnam come next to Indonesia as

the highest producer. For the production from freshwater
culture, Vietnam emerges next to Indonesia followed by

30.0 ^ " Myanmar (Fig. 9).

20.0 Indonesia's production from aquaculture in 2009 comes
mainly from aquatic plants nei which accounts for about
62% of the counti-y's aquaculture production, followed
by freshwater fishes nei (O.sicicliihye.-^) accounting tor

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20%, marine fishes nei (Q.sicichthycs) 8*%. and maiine
crustaceans about 7% while other invertebrates and

Figure 8. Contribution of aquaculture to the total fishery r.... i . . - .i • • . -jo/ in
production of the Southeast Asian region freshwater ciustaceans comprise the remaining 3/c In
Sources: Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC, ofVietnam. 41 ot its aquaCLlltuie pioductioil
2000-2010) and Fishery Statistical BuMtn of Southeast Asia (SEAFDEC 2010. Comes from Pangas catfish nei [Pany^a.siu.s spp.) followed

by freshwater fishes nei (Osleichlhycs) 36"(). giant tiger
shrimp (Penaeusmonodon) 12"/(). marine mollusks nei 7%

\mong the Southeast Asian countries, Indonesia is the and the remaining 4yo comprises othermarinc shrimpsand
eading producer of aquaculture products in terms of freshwater crustaceans.

Among the Southeast Asian countries, Indonesia is the
leading producer of aquaculture products in terms of
volume and value (Table 19) followed by Vietnam. The
Philippines comes third in terms of volume but Thailand
ranks third in terms of value. Specifically for mariculture
production, Indonesia is the top producer followed by

For the Philippines, its main aquaculture product is
seaweeds mainly the Zanzibar weeds {Piic/iciima cottonii)
which accounts for 59% oi' the country's production
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Figure 9. Percentage of aquaculture production of the Southeast Asian countries in 2009:
quantity in MT (left) and value in US$ 1000 (right)

from aquaculture followed by milkfish {Chanos chauos)
accounting for 14%, tilapia (mainly Oreochromis spp.)
11%, aquatic plants nei 6%, other seaweeds mainly E.
denticulatum 5%, shrimps {P. monodou) and crabs {Scylla
serrata) 3%, and oysters and giant mussels 2%. In the
case of Thailand, its main production from aquaculture
is the whiteleg shrimp {Penaeus vannamei) which
contributes 38% to the country's aquaculture production
followed by green mussels accounting for 17%, tilapia
(O. niloticus) 15%, catfish hybrid {Clarias gariepemts
XC. macrocephaliis) 10%, gourami and silver barb 7%,
blood cockle 5%, others including oysters comprising
the remaining 8%. For Myanmar, its main aquaculture
product is roho labeo {Labeo rohita) which accounts
for 67% of the country's production from aquaculture.
Other freshwater species also contribute 18% to the total
aquaculture production while P. monodon accounts for
6%, tilapia 5%, Pangasius spp. 2%, and other species
comprising the remaining 2% of the country's total
aquaculture production.

As for the values of aquaculture production, Brunei
Darussalam has the highest average value at US$ 11,220/
MT, especially for the country's main aquaculture
commodity which is the blue shrimp {Penaeus stylirostris)
valued at US$ n,430/MT. The county's other products
include the giant tiger shrimp {P. monodon) valued at
US$ 15,000/MT, Caranx spp. at US$14,000/MT, grouper
{Epinephelus spp.) at US$ 17,000/MT, snapper (Lutjaniis
spp.) at US$ 13,500/MT, and the African catfish {Clarias
gariepiniis) at US$ 6,350/MT.

For the Philippines, its main aquaculture product which
is the Zanzibar weed is valued at US$120/MT. Milkfish

which is the second major product is valued at US$ 1,730/
MT while tilapia is valued at US$ 1,370/MT and the other
seaweeds are valued US$ 225/MT. The county's other
products such as P. monodon is valued at US$8,200/MT,
Scylla serrata at US$ 5,700/MT, oysters at US$ 200/MT,
and giant mussels at US$ 145/MT.

In the case of Indonesia, its main production of aquatic
plants nei is valued at US$ 275/MT while the other
products such as freshwater fishes nei is valued at US$
1,515/MT, marine fishes nei at US$ 1,300/MT, marine

crustaceans at US$ 3,640/MT, and other invertebrates
and freshwater crustaceans at USS 740/MT. For Vietnam,

its main product which is the Pangas catfish is valued at
USS 1,500/MT. The other products such as freshwater
fishes nei is valued at USS 1,500/MT, giant tiger shrimp
{P. monodon) at USS 4,000/MT, other marine shrimps also
at USS 4,000/MT, marine mollusks nei at USS 1000/MT,
and freshwater crustaceans at USS 7,000/MT.

5.1 Mariculture

Worldwide, mariculture production had grown from
21.0 million MT in 2000 to 34.8 million MT in 2009,

accounting for nearly one-half of the global production
from aquaculture. In 2009, Asia (including the Southeast
Asia) was the biggest producer of mariculture products at
about 31.1 million MT or about 89% ofglobal mariculture
production, out of which the Southeast Asian countries
contributed 14% of the global production. Indonesia has
been the leading producer of mariculture products of
which its production in 2009 contributed more than 51%
to the region's total production from mariculture, followed
by the Philippines at 38% and Thailand at 6%, and the
other countries provided the remaining 5% (Table 20).
In terms of value, Indonesia still led the countries with
the value of its mariculture production contributing about
58%, followed by the Philippines (18%). Myanmar (9%),
Vietnam (8%). and the remaining countries contributing
about 7% to the region's total mariculture production
value (Table 21).

The major species groups cultured in marine areas in the
region are the aquatic plants which accounted for about
87% of the total production from mariculture in 2009
(Table 22), followed by marine mollusks (11%). and 2%
from marine fish species and others (Fig. 10). Although
aquatic plants accounted for 87% of the total mariculture
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Table 20. Production volume from mariculture of the Southeast Asian countries from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Brunei Darussalam 53 30 16 18 37 500 390 72

Cambodia 408 394 4,064 8,324 16,915 16,400 500 16,630 1,370 4,925

Indonesia 197,114 221,010 234,859 249,242 736,689 890,074 1,365,919 1,509,062 2.377,382 2,537,100

LaoPDR

Malaysia 84,962* 87,468* 94,671* 92,936' 84,699* 80,239* 71,374* 72,922' 96,159* 111,524*

Myanmar 23,038 68,854 134,784 25,709 804 48,303 50,464

Philippines 747,414 827,670 936,851 1,039,081 1,273,598 1,419,727 1,566,056 1,626,206 1.793.395" 1,860,462

Singapore 4,398 3,700 4,303 4,786 4,786 5,280 8,113 4.159 3,235 3,286

Thailand 149,810 246,602 384,094 361,400 400,400 364.061 317,457 309.497 316,927

Vietnam 32,900 319,071 396,099 443,135 155,235 213,800 216,200 208,500 48.420 172,003

Total 1,246,957 1,785,154 2,205,608 2,237.934 2,691,311 3,009,034 3,571,441 3,818,848 4,646,146 4,945.239

Sources." Fishery Statistical Bulletinfor the South China Sea Area (SEAFDEC, 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
* Updated figures provided by FisheriesManagement Information Division. DoFMalaysia: but not used for the calculation of total production.
" Updated figure provided by the Philippine BureauofAgricultural Statistics,Department ofAgriculture: but not used for the calculation of total production.

Table 21. Production value from mariculture of the Southeast Asian countries from 2000 to 2009 (USS 1000)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Brunei Darussalam 392

Cambodia 4,585 5,300 3,890 19,700

Indonesia 134,182 73,047 122,985 180,007 167,787 353,019 220,568 432,802 983,185 1,297,568

Lao PDR

Malaysia 47,895* 48,158* 51,579* 75,526* 60,263* 67.828' 108,470' 131,304* 159.407* 169,275*

Myanmar 208,905

Philippines 75,410 77,623 86,379 96,373 164,013 171,539 216,342 270,984 500,275 383,899**

Singapore 5,952 5,382 4,079 5,258 6,187 7,147 7,381 7,980 8,082 7,551

Thailand 40,692 54,847 57,207 62,260 59.915 97,215 1,457,754 71,837

Vietnam 880,737 1,024,056 1,255,758 155.235 622,600 189,500 1,493,750 174,000

Total 273,284 1,109,600 1,315,130 1,619,311 559,585 1,271,964 1,919,809 929,804 2,994,548 2,224,666

Sources: Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided byFisheriesManagement Information Division. DoFMalaysia: but not used for the calculation of total production.
" Updated figure provided bythe Philippine Bureau ofAgricultural Statistics.Department ofAgriculture: but not used forthe calculation of total production.

Table 22. Mariculture production in the Southeast Asia by species group from 2000 to 2009 (MT)

1Major groups 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Marine fishes 21,971 21,580 29,037 38,504 42,216 70.520 71,099 93,653 245,967 64,279

Marine mollusks 291,122 358,311 495,371 470,724 661,716 672,108 617,095 590.202 588,563 553,401

Aquatic plants 910,635 1,017,136 1,147,212 1,257,452 1,987,178 2,266,406 2,883,247 3,134,993 3,811,616 4,277,095

Others 23,229 388,127 533,988 471,254 201 - - - - 50,464

Total 1,246,957 1,435,154 2,205,608 2,237,934 2,691,311 3,009,034 3,571,441 3,818,848 4,646,146 4,945,239

Sources: Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC, 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
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Figure 10. Production trend of aquatic plants, marine fishes
and mollusks from mariculture in Southeast Asia
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production in terms of value however, their eontribution
was only 45% to the total value of mariculture production.
While marine fishes contributed only 2% to the total
marine production in 2009, in terms of value this group
contributed 34% to the total value of mariculture products.
On the other hand, marine mollusks which contributed

11% to the total volume of mariculture production, its
contribution in terms of value was about 12%. while

the contribution of marine shrimps to the total value of
mariculture production was about 9'%.



SEASOFIA: The Southeast Asian State of Fisheries and Aquaculture 2012

Table 23. Mariculture production in Southeast Asia by country and by major species in 2009 (MT)

Brunei
Darussalam

Cambodia Indonesia Malaysia Myanmar Philippines Singapore Thailand Vietnam Total

Aquatic plants nei 2,537,100 165,570 2,702,670

Euchema cottonii 1,462,203 1,462,203

Euchema denticulatum 112,222 112,222

Marine mollusks nei 1,447 166,003 167,450

Perna viridis 19,936 230,678 250,614

Anadara granosa 67,854 67,854

Crassostrea spp. 19,931 18,395 38,326

Marineshrimps 50,464 50,464

Others 72 4,925 79,153 3,286 6,000 93,436

Tola! 72 4,925 2,537,100 50,464 1,860,462 3,286 316,927 172,003 4,945,239

Source: Fishery Statistical Bulletin of Southeast Asia (SEAFDEC. 2011)

The mariculture production by country and by species
in 2009 (Table 23) indicated that Indonesia contributed
the largest amount of aquatic plants production but this
was not classified according to species. Only Philippines
and Thailand reported their mariculture production at
species level. Therefore, it appears that the species with
highest production was the Zanzibar weeds {Eucheuma
cottonii) reported only by the Philippines, followed by
the green mussel {Perna viridis) reported by Philippines
and Thailand, Eucheuma deniicidatiim reported by the
Philippines,and blood cockle{Anadaragranosa) reported
by Thailand. It should be noted that Myanmar reported its
production of marine shrimps at 50,464 MT comprising
the giant tiger shrimp {Penaeus monodon) at 46,104 MT
and Indian white shrimp (P. indicus) at 4,360 MT. The
value of the country's production of marine shrimps was
recorded at US$ 208,905,000 or at an average value of
US$ 4,140/MT.

5.2 Brackishwater Culture

The main brackishwater species cultured in the Southeast
Asian region include the crustaceans such as the whiteleg
shrimp {Penaeus vaunamei) and giant tiger shrimp {P.
monodon). fishes and aquatic plants. Production from
brackishwater aquaculture had increased by about 141%
during the period from 2000 to 2009 (Table 24). Although
such production was rather stable from 2000 to 2003, a
sharp increase occured during 2004 and 2005 (Fig. 11),
which could be mainly due to the development of culture
technologies and increased production of the whiteleg
shrimp by Thailand and Vietnam.

In terms ofaverage value ofproduction from brackishwater
aquaculture (Table 25), Brunei Darussalam posted the
highest at US$ 14,580/MT followed by Cambodia at
US$ 10.050/MT. For the other countries such as Vietnam

the average value of its brackishwater aquaculture
products was US$ 3,560/MT, Thailand at US$ 3,075/MT,

UT
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Figure 11. Production of aquatic plants, marine fishes and
crustaceans from brackishwater aquaculture of Southeast
Asia

Philippines at US$2,900/MT, Malaysiaat US$2,170/MT,
and Indonesia at US$2,000/MT. Myanmarand Singapore
did not report the values of their respective brackishwater
aquaculture production.

Crustaceans such asthewhiteleg shrimp, giant tigersltrimp
and other prawns including banana prawn provided the
highestcontribution to the totalbrackishwater aquaculture
production in 2009, in terms of volume at 58% and value
at also about 58%. While the whiteleg shrimp contributed
21 % in volume its contribution in temis ofvalue was 25%.

likewise for the giant tiger shrimp which contributed 15%
in volume and 25% in value. However, the other prawns
including banana prawn contributed 22% in volume
but only 8% in value. Milkfish {Chanos chanos) also
contributed almost 10% in volume but only 9% in value.
Although the region's production from brackishwater
aquaculture in 2009 (Table 26) is dominated by marine
fishes nei contributing about 15% of the total production,
analysis could not be made on its production trend
considering that the data had not been classified into
species level. On the other hand, production of the whiteleg
shrimp {Penaeus vannaniei) which comes with the second
highest production volume contributed more than 20"oof
the region's total brackishwater culture production, with
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Table 24. Production volume from brackishwater aquaculture of the Southeast Asian countries from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Brunei Darussalam 41 31 52 52 598 537 60 611 354

Cambodia 20 143 53 90 590 100 130 75

Indonesia 430,020 510,744 473,128 501,977 480,046 643,975 629,609 629,797 691,432 1,080,700

Lao PDR

Malaysia 16,119' 27,232* 25,143' 26,382' 31,011' 33,547* 35.547' 35.258' 51,119' 69,296'

Myanmar 4,964 5,473 6,550 18,421 250,407 60,000 48,303 2,926

Philippines 241,455 268,120 254,167 254,744 262,554 277,230 281,316 294,495 303.244" 308,440

Singapore 55 40 107 30 71 35 34

Thailand 317,263 287,928 276,008 341,878 377,388 414,926 508,150 535.834 805,300 558,444

Vietnam 96,433 339,555 287,200 309,000 500,500 501,600 554,397

Total 1,115,635 1,109,219 1,044,967 1,157,485 1,503,783 1,901,773 1,841,978 2,063,196 2,072,026 2,694,336

Sources; FisheryStatistical Bulletin for the South ChinaSea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010, 2011)
' Updatedfigures providedby Fisheries Management Information Division. DoF Malaysia: but not used for the calculation of total production.
" Updatedfigure providedby the Philippine Bureau ofAgricultural Statistics.Depariment of Agriculture: but not used for the calculation of total production.

Table 25. Production value from brackishwater aquaculture of the Southeast Asian countries from 2000 to 2009 (US$ 1000)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Bnjnel Darussalam 2,695 3,212 5,161

Cambodia 767 375 754

Indonesia 731,798 902,128 1,118,924 1,139,019 1,529,358 1,483,289 1,736,275 1,672,408 1,840,902 2,156,102

UoPDR

Malaysia 125,236* 201.579' 167,105* 165.789' 173,158' 172,341' 162.295' 165.797' 209.481' 271,014'

Myanmar 193,212 641,278

Philippines 534,739 534,699 485,225 457,412 490,853 535,451 611,344 714,106 831,073 886,256"

Singapore 430 386 969 313 593 374 625

Thailand 2,206,325 1,875,872 1,248,738 1,081,912 1,175,007 897,455 1,523,423 1,602,685 1.717,645

Vietnam 1,146,005 1,463.200 1,692,500 467,450 1,974,429

Total 3.631,332 3,547,229 3,055,403 2,904,025 4,566,961 4,616,652 2,602,799 6,038,269 5,717512 7,160,596

Sources: Fishery Statistical Bulletin forthe SouthChina Sea Area (SEAFDEC, 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updated figures provided byFisheries Management Information Division. DoFMalaysia: but not used forthe calculation of total production.
" Updated figure provided by the Philippine Bureau ofAgricultural Statistics,Department ofAgriculture: butnotused forthe calculation of totalproduction.
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Figure 12. Changes in production trends of whiteleg shrimps and giant tiger shrimps in Thailand (left) and Vietnam (right)

Thailand asthelargest producer accounting forabout 94%
of the species group's total production (Fig. 12). Coming
next after the whiteleg shrimp is the giant tiger shrimp
{Penaeus monodon) providing 15% to the region's total
with Vietnam as the highest producer providing about
74% ofthe species production. Milkfish {Chano.s chanos)
is also an important commodity although it contributed
onlyabout 10%to the region's total brackishwater culture
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production with the Philippines as the leading producer of
such species (Table 27).

5.3 Freshwater Aquaculture

The deterioration of inland fishery habitats had resulted
in degrading inland fishery resources despite reports by
many Southeast Asian countries that inland capture fishery
production had been increasing. In order to increase fish
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Table 26. Brackishwater culture production by major groups of species from 2000 to 2009 (MT)

Marine fishes nei

Whitelegshnmp

Tiger prawn

Banana prawn

Other prawns

Aquatic plants

Others

76,385

511,867

408,827

118,392

34,467

450,522

421,119

203,111

110,147 109,570 111,743

132,365

439,532 406,519 478,865

425,892 430,903 448,910

320,429

69,396 76,145 143,165

139,447 64,790 172,224 174,413 672,371

745,948 571,000

604,511 427,467 429,295 522,326 383,696

473,924 439,706 498,437 260,610

399,816 78,087 64,534

284,075 837,503 963,106 224,545 462,671

33,321 171,868

39,191 326,707 107,586

Total 1,115,635 1,109,219 1,044,967 1,157,485 1,503,783 1,901,773 1,841,978 2,063,196 2,072,026

Sources: Fishery Statistical Bulletin for (he South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia ISEAFDEC

2,694,336

2010, 2011]

Table 27. Brackishwater aquaculture production in Southeast Asia by country and by major species in 2009 (MT)

amnei

Darussalam
Cambodia Indonesia Malaysia Myanmar Philippines Singapore Thailand Vietnam Total

Penaeus vannamei 535,000 36,000 571,000

Penaeus monodon 15 16,351 47,830 3,500 316,000 383,696

Chanos chanos 260,610 260,610

Aquatic Plants nei 171.868 171,868

Penaeus spp. 275 75 402,043 52,927' 2,204 453 59,700 527,205

Anadaragranosa 64,938 64,938

Perna viridis 10,596 10,596

Lates caicarifer 39 14,229 15.656 29,924

Crassostrea spp. 2,128 2,128

Marine fishes nei 25 506,789 19,650* 722 3,835 142,697 672,371

Total 354 75 1,080,700 180,819' 2,926 308,440 558,444 554,397 2,694,336

Source: Fishery Statistical Bulletin of Southeast Asia (SEAFDEC, 2011)
' Updated figures provided by Fisheries Management information Division. DoF Malaysia.

supply from inland areas, freshwater aquaculture has
been widely promoted and practiced in many countries in
Southeast Asia. As a result, production from freshwater
aquaculture in the region has demonstrated a steady
growth over the past decade of approximately 411,000
MT annually from 2000 to 2009 (Table 28).

Specifically in 2009, the volume of the region's production
from freshwater culture accounted for about 38% of

the region's total aquaculture production. In terms of
value, this sub-sector accounts for 41% of the region's
total aquaculture production value (Table 29), making
freshwater aquaculture a vei*y important fishery sub-sector.
Vietnam contributed the highest production in terms of
volume and value followed by Indonesia. Myanmar. and

Thailand.

More than 30 major freshwater fish species are being
cultured in the Southeast Asian region, about one-half
of which are indigenous in the region while the rest are
either imported or domesticated for an extended period
{e.g. tilapia, roho labeo. African (including hybrid)
catfisii). For this reason, many countries reported on their
production by major species groups such as freshwater

fishes without providing the details at species level
(Table 30). Nevertheless, the information provided by
the countries in 2009 indicated that freshwater fishes nei

accounted for 42% of the region's total production from
freshwater aquaculture followed by the Pangas catfish
(23%), tilapia nei (12%), roho labeo (10%). catfishes
(5%o), cyprinidae (4%), and others (4%). In terms ofvalue-
freshwater fishes nei provided 47% followed by Pangas
catfish (25%). tilapia nei (10%), roho labeo (7%), catfishes
(4%). cyprinidae (4%). and others (4%).

Notwithstanding the information provided by the
countries on miscellaneous freshwater fishes which are

mostly not classified into species level. Pangas catfish
{Pangasiiis spp.) contributed the highest production in
2009 accounting for about 23% of total freshwater culture
production in the region with Vietnam producing 95" (). It
is notable that the production of catfish of the region had
increased by more than 5 times over the ten-year period
from 2000 to 2009. Tilapia comes next providing 11 "'o of
the region's freshwater aquaculture production from the
Philippines and Thailand, and roho labeo {Laheo rohiia)
at 10% of the region's freshwater production contributed
mostly by Myanmar (Table 31).
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Table 28. Production volume from freshwater aquaculture of the Southeast Asian countries from 2000 to 2009 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Bmnei Darussalam 19 38 90 89 110 129 63 34

Cambodia 14,002 13,463 17,886 14,133 20.170 25.500 33,570 38,350 45,000

Indonesia 367,831 401,030 472.974 429,166 137,766 407.047 384,658 327,171 786,386 1,162,300

Lao PDR 64,300 75,000

Malaysia 50,689 43,456 46,403' 49,947' 55.557 62.006 61.653' 70,064 95.846' 152.631'

Myanmar 93,948 115,793 356.230 114,716 426,000 323.779 556,354 605,552 670,773

Philippines 112,033 123,666" 147,375" 160,678" 180,875 198.890 257,325 244.903" 311,059 308,294"

Singapore 160 702 602 616 549 602 1,471 345 283 280

Thailand 271,010 279,697 361.124 183.311 523,709 539,474 532.252 525,100 525,500 520,639

Vietnam 381,222 390,820 559,960 448.710 703.827 966.300 1,485,500 1,918,300 1,812,900

Total 1,290,914 1,368,663 1,979,491 1,679,020 2,048,563 2,523,727 1,255,362 3,292,292 4,345,762 4,739,861

Sources; Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)
' Updatedfiguresprovidedby FisheriesManagement Information Division. DoF Malaysia: but not used for the calculation of total production.
" Updatedfigure providedby the Philippine Bureau ofAgricultural Statistics,Department of Agriculture: but not used for the calculation of total production.

Table 29. Production value from freshwater aquaculture of the Southeast Asian countries from 2000 to 2009 (US$ 1000)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 1
Brunei Darussalam 398

Cambodia 36,813 52,738 57,525 67,500

Indonesia 217,067 347,392 440,725 443,349 269,851 332,412 384,658 342,329 1,398,411 1,735,852

Lao PDR 91,141 111,801

Malaysia 80,263* 65.263' 62,368* 63.421' 67,105* 77.329' 79.781' 101.159' 139.556* 204,058'

Myanmar 1,669,191 141,288 644,260

Philippines 118,147 106,139 114,794 132,546 162,960 185,546 257,325 349,629 387,286 418,956

Singapore 3,564 2,522 1,799 1,861 1,744 2,450 1,471 1,072 1,180 1,242

Thailand 209,990 206,769 .253,349 317,492 479.587 358,509 532,252 611,169 462,616 633,148

Vietnam 280,191 316,039 379,767 1,055,741 859,850 2,662,750 2,656,500 2,719,350

Total 629,028 1,008,429 935,923 1,338,492 2,075,298 1,822,566 1,255,362 5,779,567 4,716,200 6,583,413

Sources; Fishery Statistical Bulletin forthe SouthChina Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletinof Southeast Asia (SEAFDEC
' Updated figures provided byFisheries Management Information Division. DoF Malaysia, butnotused for(he calculation of totalproduction

2010. 2011)
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Figure 13. Vietnam's production of Pangas catfish

In2009, Vietnam reported thehighest quantity andvalueof
inland culture production, more than one half ofwhich was
derived from thecultureof Panga.siu."^ spp.accounting for
about 58% ofthe counti7's inland culture production. The
production from Pangasim spp. in Vietnam had drastically
grownfrom approximately 100,000 MTin 2000 to about

1,250,000 MT in 2008 but dropped to 1.050,000 MT in
2009 (Fig. 13).

VI. FISH TRADE

Fish is the most heavily traded food commodity and the
fastest growing agricultural commodity in international
markets. In addition to its contribution to national economy

and capability in generating income, trade in fish and
fishery products also plays an important role in improving
food security and ensuring the distribution of products to
meet the nutritional demands and requirements for food
fish worldwide. In 2008, the total e.xporl quantity offish
and fisheiy products was about 23'b) of world's fishery
production while the total import accounted for about
24% of the total fishery production (Table 32). While the
export offish and fishery products of the Southeast Asian
countries in 2008 represented 17"o of the region's fishery
production, the region posted a pt)sitive trade balance of
1,541,402 MT.
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Table 30. Freshwater aquaculture production of the Southeast Asian region by species groups from 2000 to 2009 (MT)

Carps, barbels and
other cyprinids

Tilapia and other
cichilds

Catfishes

Gouramis

Misc. freshwater
fishes

Fresh, crustaceans

342,185

244,664

235,689

125.393

409,066 447,496 629,864

281,880 367,489 373,653

148,962

43,350

200,486

171,717

49,661

122,278

252.733

67,373

38,387

14,140 16,696 29,024

551,173

380,584

278,865

495,534

530,852

428,692

575,560

680,758

615,705

210,735

540,508

300,195

504,195

667,154

44,418

756,841 1,160,620 1,674,598 1,334,894

921,116 1,006,699

32,233

922,542

113,873

620,456 1,994,409

Sources; Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010. 2011)

Table 31. Freshwater aquaculture production in Southeast Asia by country and by major species in 2009 (MT)

Pangasius spp.

Oreochromis

f=77/ap/a) spp.

Labeo rohita

Clariasspp.

Barbonymus gonionotus

Catia catia

Cyprinuscarpio

Trichogaster spp.

Cyprinidae

Misc. freshwater
fishes

45,000 1,162,300

488,046

6,972

13,944

41,832

20,916

260,911

Total 34 45,000 1,162,300 75,000

Source: Fishery Statistical Bulletin of Southeast Asia (SEAFDEC. 2011)

Table 32. World's fishery production and trade
by continent in 2008 (MT)

144,445 670,773

28,821

308,490

22,243 1,050,000 1,104,997

209,141 ... 540,500

2,375 ... 490,421

136,306 ... 229,897

57,600 ... 72,267

41,832

4,026 ... 41,627

36,047 ... 36,222

1,122 ... 55,009

51,779 762,900 2,127,089

520,639 1,812,900 4,739,861

World

Africa

Americas

Asia*

Southeast Asia*

Europe

Oceania

Total
Fishery

Production

Total
Export of
Fish and
Fishery

products

Total
Import of
Fish and

Fishery
products

142,326,046 32,338,756 33,536,329 -1,197,573

8,424,970 1,618,807 3,248,505 -1,629,698

24,470,938 7,720,061 4,210,689

65,340,506 5,924,837 9,139,516

27,260,013 4,651,467 3,110,065

15,415,869 11,867.828 13,430,337

1,413,750 555,756 397,2171,413,750 397,217

3.509,372

-3,214.679

1,541,402

-1,562,509

158,539

' Excludes Southeast Asia
" Sources: Fishery Stalislical Bulletin for the South China Sea Area
(SEAFDEC. 2000-2009) and Fishery Statistical Bulletinof Southeast Asia
(SEAFDEC2010. 2011)
Source of other data: FAOFisheries and Aquaculture Informationand
Statistics Service

6.1 Global Trading of Fish and Fishery
Products

From 2000 to 2008, the world exports of fish and fishery
products increased in terms of volume by about 646,300
MT/year (Table 33) and in terms of value by about US$

5.205 million annually (Table 34). In 2008, Europe
exported the largest amount of fish and fishery products
accounting for about 37% in tenns of volume and 38%
in terms of value of the world's total export of fish and
fishery products (Fig. 14). The Southeast Asian region on
the other hand, exported more than 14% of global export
volume with value that represents 16% of the world's
export value (Table 34). From Asia. China is the largest
expoiter contributing about 10% to the global export value
followed by Norway providing about 7%. From among
the Southeast Asian countries. Thailand's export value
contributes 6% to the world's total export value while
Vietnam provides 4%.

In terms of import of fish and fishei^y products in 2008
(Table 35). Europe also imported the largest quantity
representing 40% of the world's total import volume
and 47% of the world's import value. Asia (excluding
Southeast Asia) came next with the import volume
equivalent to 27% and 26% in terms of value (Table 36).
with Japan as the largest importing countiw with its import
value accounting for 14% of the world's import value. The
United States ofAmerica on the other hand, accounted for

about 13% of the world's total import (Table 37).
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Table 33. World's export volume of fish and fishery products by continent from 2000 to 2008 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008

World 26,522,457 27,692,567 27,579,545 28,229,117 29,778,194 31,125,973 31,487,742 31,824,120 32,338,756

Africa 1,429,938 1,448,437 1,495,826 1,443,456 1,362,495 1.438.138 1.577.060 1,569,254 1.618.807

Americas 7,439,299 7,575,941 6,719,867 6,796,415 7,573.772 8.271.059 7.676.682 7.477.837 7.720,061

Asia* 3,934,695 4,313,806 4,690,050 4,651.357 5,103,039 5.372,681 5.974.680 6.132.797 5.924,837

Southeast Asia** 2,537,650 2,794,576 3,130,183 3,487,477 3,726,312 3,905,249 4,347,417 4,391,013 4,651,467

Europe 10,666,929 11,053,966 10,979,693 11,268,697 11.384,394 11,504,192 11.301.402 11,657,352 11.867.828

Oceania 513,946 505,841 563,926 581,715 628.182 834,654 610,501 595,867 555,758

* Excludes Southeast Asia
" Sources: Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia

(SEAFDEC 2010. 2011)
Source of of/ier data; FAO Fisheries and Aquacuiture Informationand Statistics Sen/ice

Table 34. World's export value of fish and fishery products by continent from 2000 to 2008 (U5$ 1000)

2000 2001 2002 2003 2004 2005 2006 2007 2008 1
World 55,845,773 56,632,610 58,712,141 64,309,755 71,866,509 79,098,102 86,548,454 94,109,569 102,676,390

Africa 2,736,448 2,849,334 3,118,517 3,368.369 3,293.196 3.713,840 3,906.874 4,494.502 4,777,540

Americas 13,256,480 13,779,546 13,473,722 14,918,822 15,925,983 17,772.863 19,103,365 19.757,890 21,297.994

Asia* 10,369,245 10,342,455 10,916,377 11,585,136 14,075.457 15,390.484 16,672,254 17,675,673 19,000.022

Southeast Asia** 8,812,594 8,728,057 8,707,277 9,120,338 10,052,738 11,035,117 12.512.487 13,682,576 16,115,145

Europe 18,769,641 19,126,103 20,603,409 23.381,528 26.401,855 29.000,684 32.188,631 36,230,015 39,178,009

Oceania 1,901,365 1,807,115 1,892,839 1,935,562 2,117,280 2,185.114 2,164,843 2,268,913 2,307,680

* Excludes Southeast Asia
" Sources; Fishery Statistical Bulletin forthe South China Sea Area(SEAFDEC. 2000-2009) and Fishery StatisticalBulletin of Southeast Asia

(SEAFDEC 2010. 2011)
Source ofother data: FAO Fisheries andAquacuiture Information and Statistics Service

Table 35. World's import volume of fish and fishery products by continent from 2000 to 2008 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 1
World 26,514,155 27,946,942 28,088,132 28,574,573 30,289,223 31,925,,268 33,379,144 34,045,034 33,536,329

Africa 1,593,854 1,864,311 1,731,138 1,861,829 2,289,675 2,431,,128 3,845,105 3.850,588 3.248,505

Americas 3,284,576 3,347.550 3,347,352 3,596,394 3,821,087 3,852,,586 4,042,879 4,195,907 4.210,689

Asia* 8,115,616 8,339,821 8,664,947 8,110,971 9,006,740 9,492,,860 9,127,798 9,051.252 9,139,516

Southeast Asia** 1,857,630 2,020,229 2,237,657 2,180,413 2,446,107 2,866,,375 2,972,007 2,961,865 3,110,065

Europe 11,314,999 12,034,262 11,758,543 12,471,731 12,340,682 12,909,,988 13,002.845 13.597,405 13,430,337

Oceania 347,480 340,769 348,495 353,235 384,932 372.,331 388,510 388.017 397,217

* £*c/udes Southeast Asia
" Sources: Fishery Statistical Bulletin forthe South ChinaSea Area fS£4FD£C, 2000-2009)and Fishery Statistical Bulletin of Southeast Asia

fS£>AFD£C 2010.2011)
Source of other data: FAOFisheries and AquacuitureInformation and Statistics Service

Table 36. World's import value of fish and fishery products by continent from 2000 to 2008 (US$ 1000)

2000 2001 2002 2003 2004 2005 2008 2007 2008 1
World 61,016,653 60,603,270 62,504,,836 68,429,660 76,761 ,850 82,872,583 91,311,234 99,420,542 108,599,363

Africa 957,275 1,261,522 1,230.,671 1,459,686 1,671 ,522 2,013,573 2,410,767 2.842.462 3,036,319

Americas 13,091,323 12,885,820 12,544,,833 14,302,537 15,053,196 15,405,417 17.262,495 18,319,122 19,627,040

Asia* 22,275,946 20,277,573 21,116,,032 20,314,354 23,808 ,717 24,773,774 25,293,048 25,757,485 28,700,820

Southeast Asia** 1,965,852 2,145,850 2,297,,541 2,443,603 2,958 ,752 3,277,086 3,493,875 3,865,759 4,822,005

Europe 22,050,883 23,352,325 24.593,,131 29,082,728 32,363,763 36,351,038 41,709,655 47,307,259 51,018,055

Oceania 675,374 680.180 722,,628 826,752 905 ,900 1,051.695 1,141,394 1,328.455 1,395,124

* Excludes Southeast Asia
" Sources: Fishery Statistical Bulletin forthe SouthChina Sea Area(SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia

(SEAFDEC 2010. 2011)
Source ofother data: FAO Fisheries andAquacuiture Information and Statistics Service
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Table 37. World's top ten exporters and importers of fish
and fishery products in 2008 35,000,000
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b: Exporters Export Value (US$ millions)

1, China 10.114

2, Norway 6,937

3. Thailand 6,532

4. Denmark 4,601

5. Vietnam 4,550

6. United States of America 4,463

7. Chile 3,931

8. Canada 3,706

9. Spain 3,465

10.. Netherlands 3,394

importers Import Value (US$ millions)

1. Japan 14,947

2. United States of America 14,135

3. Spain 7,101

4. France 5,836

5. Italy 5,453

6. China 5,143

7. Germany 4,502

8. United Kingdom 4,220

9. Denmark 3,111

10. Korea 2,928

Source: The State of World Fisheries and Aquaculture 2010

6.2 Southeast Asian Export-Import of Fish
and Fishery Products

For the Southeast Asian region, Thailand is the largest
exporter of fish and fishery products in 2008, which
was about 55% of the countiy's total fishery production,
followed by Vietnam the volume ofwhich was about 23%
of its fishery production (Table 38 and Table 39). Although
the region's export of fish and fishery products originates
mainly from capture and culture fisheries, some products

Figure 14. Export volume of fish and fishery products (top)
and percentage of export quantity by continent in 2008
(above)

are imported and re-exported as well. As in the case of
Singapore, although its import volume was minimal but
the total export volume very much exceeded the country's
fishery production, since the country imported most
products that are meant for re-export.

In tenns of export value (Table 40). Brunei Darussalam
posted the highest average value per metric tons of
exported products at US$ 10,900/MT followed by
Singapore at US$ 5,415/MT, Vietnam at US$ 4.315/

Table 38. Trading of fish and fishery products by the Southeast Asian countries in 2008 (MT)

Country Total Fishery
Production

Total Export of Fish and
Fishery products

Total Import of Fish and
Fishery products

Trade Balance
(Export-Import)

Brunei Darussalam 2,747 220 4,882 4,662

Cambodia 536,320 42,610 2,176 40,434

Indonesia 9,054,873 868,442 198,980 669,462

Lao PDR 93,500 17 3,884 -3,867

Malaysia 1,639,017 302,235' 383.334' •81.099'

Myanmar 3,147,605 351,652 2,416 349,236

Philippines 4,964,703 228,075 210,215 17,860

Singapore 5,141 62,541 225,703 -163,162

Thailand 3,204,200 1,755,255 1,533,690 221.565

Vietnam 4,559,720 1,056,124 253.315 802,809

Total 27,207,826 4,651,467 3,110,065 1,541,402

Source/ Fishery Statistical Bulletin of Southeast Asia (SEAFDEC. 2010}
Updatedfiguresprovidedby Fisheries tvlanagement Information Division. DoF Malaysia.
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Table 39. Export volume of fish and fishery products by the Southeast Asian countries from 2000 to 2008 (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008

Brunei Darussalam 285 149 92 144 113 156 736 320 220

Cambodia 43,636 38,454 52,752 56,957 47,272 50,334 48.868 43,985 42,610

Indonesia 490,416 457,913 539,384 830,383 881,677 825,076 885.179 814,303 868,442

Lao PDR 4 30 7 24 11 - 1 33 17

Malaysia 144,590' 161,339' 198,892' 241.760' 283,385* 289.971' 270.774' 318.403' 302.235*

Myanmar 116,609 144,623 201,667 212,999 205,463 278,675 271,071 259.054 351,652

Philippines 215,531 171,361 171,279 188,789 180.648 153,885 171.726 185,918 228,075

Singapore 110,693 91,932 74,428 72,465 78,590 83,229 81,308 69,889 62,541

Thailand 1,162,099 1,250,204 1,280,563 1,440,364 1,436,475 1,570,762 1.743,974 1,823,612 1,755,255

Vietnam 302,942 513,681 606,684 525,090 625,368 668,126 888,664 890.418 1,056,124

Total 2,537,650 2,794,576 3,130,183 3,487,477 3,726,312 3,905,249 4,347,417 4,391,013 4,651,467

Sources; Fishery Statistical Bulletin for the South ChinaSea Area (SEAFDEC, 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC 2010)
' Updated figuresprovided by Fisheries Management Information Division. DoF Malaysia;but not used for the calculation of total production.

Table 40. Export value of fish and fishery products by the Southeast Asian countries from 2000 to 2008 (US$ 1000)

2DOO 2001 2002 2003 2004 2005 2006 2007 2008

Brunei Darussalam 296 334 459 706 683 1.053 5,305 3,238 2,398

Cambodia 37,691 31,308 32,071 34,744 40,304 51,207 43,995 31,970 31,937

Indonesia 1,610,291 1,560,078 1,516,537 1,579,783 1,736,184 1,845,883 2,019,803 2,170,876 2,600,968

Lao PDR 29 78 27 26 25 21 8 56 40

Malaysia 355,136' 358,931' 384,878' 442,643' 592,787* 641.350' 646.426' 756.515' 769.846'

Myanmar 183,707 218,291 251,534 317,382 318,514 460,089 362.951 358,065 560,568

Philippines 455,984 420,184 453,030 464,463 454,384 384,766 418,364 498,069 671,194

Singapore 455,407 379,215 313,707 320,344 399,887 404,259 382,742 369,982 388,655

Thailand 4,384,437 4,075,341 3,713,299 3,943,194 4,079,407 4,502,821 5,275,349 5,721,525 6,547.742

Vietnam 1,484,283 1,823,102 2,044,630 2,203,499 2,450,112 2,765,365 3,379,955 3,790,167 4,559,252

Total 8,812,594 8,728,057 8,707,277 9.120,338 10,052,738 11,035,117 12,512,487 13,682,576 16,115,145

Sources: FisheryStatistical Bulletin forthe South China Sea Area (SEAFDEC, 2000-2009) and FisheryStatisticalBulletin of Southeast Asia (SEAFDEC 2010)
* Updated figures provided byFisheries Management Information Division, DoF Malaysia: but not used forthe calculation of total production.

ssooaoo

SixasxD

ZSOOJXIO

2fiC03Xa

lAXMxn

eooaoa

Molusks and other

aquatic
Bivertet)(3tes

9% \

Otherproducts
5%

Ffih

—Cnjslaceans

Mdusks and

other aquatic
invefteto^es

—OOierpRxluas

Figure 15. Major groups of commodities exported by
the Southeast Asian countries in 2008
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MT and Thailand at US$ 3,730/MT. On the other hand,
Cambodia posted the lowest average value per metric ton
of exported products at US$ 750/lVlT.

Moreover, from 2000 to 2008, the largest exported
commodity is the "fishes" group which accounts for 65%
of total export of the region, followed by crustaceans
contributing21% to the total export (Table 41 and Fig. 15).
Specifically in the case of Vietnam, its important export
products are frozen shrimps, processed Pangas catfish
which are mainly exported to Japan, Taiwan, South Korea,
Hong Kong, the United States and the European Union.
ForThailand, its major export fishery products included
shrimps and canned seafood which arc exported to the
United States, Japan, Canada, and Singapore.

Furthemiore, the import quantity of the Southeast Asian
region which increased at the rale of about 139,160 MT
annually (Table 42), posted a positive trade balance of
about 1,541,400 MT in 2008. Although Tliailand is the
largest importing country, it still posted a positive trade
balance of 221,565 MT (Fig. 16). On the other hand.
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Table 41. F1sh and fishery products exported by Southeast Asia (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008

Crustaceans 588,337 684,492 711,793 758,504 818,594 899,674 1,000,908 995,896 983,362

Frozen 417,571 460,098 489,987 512,425 561,982 603,595 666,398 672,100 643,444

Not Frozen 37.001 86,362 80,415 97,085 85,118 106,808 91,361 76,613 75,665

Prepared or preserved 133.765 138,032 141,391 148,994 171,494 189,271 243,149 247,183 264,253

Fish 1,562,969 1,605,154 1,862,742 2,230,473 2,302,817 2,407,896 2,663,082 2,666,187 3,004,456

Fillets, frozen 65.350 87,945 96,744 106,809 163,351 212,908 338,899 297,407 439,987

Meat and fillets fresh or chilled 5,307 7,745 11,833 14,755 5,417 8,037 8,529 31,468 22,213

Meat, whether or not minced, frozen 95,249 128,938 154,204 151,017 140,360 179,521 186,536 198,329 232,794

Prepared or preserved 492,547 567,552 623,194 730,870 732,202 835,383 890,473 905.002 995.289

Dried, salted and smoked 55,366 75,334 80,973 90,029 86,933 126,248 126,801 128,578 123,271

Fresh orchilled, excluding fillets andmeal 308,179 310.920 321,933 323,722 321,483 303,516 312.636 335,363 308,280

Frozen, excluding fillets and meat 502,559 386,383 530,208 770,498 803,973 694,053 753,017 732,779 839,921

Live 38,412 40,337 43,653 42,773 49,098 48,230 46,191 37,261 42,701

Mollusks and otheraquatic invertebrates 257,980 382,804 384,252 338,164 376,146 392,684 400,131 431,767 408,510

Live, fresh or chilled 17,319 80,811 61,582 71,834 52,703 48,770 23,151 24,841 31,848

Other than live, fresh or chilled 213,050 271,118 289,131 231,276 269,597 293,587 322,156 350,205 323,223

Prepared or preserved 27,611 30,875 33,539 35,054 53,846 50,327 54,824 56,721 53,439

Other products 128,364 122,126 171,396 160,336 228,756 204,995 283,296 297,164 255,139

Total 2,537,650 2,794,576 3,130,183 3,487,477 3,726,313 3,905,249 4,347,417 4,391,014 4,651,467

Sources: Fishery Statistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletinof Southeast Asia (SEAFDEC 2010}

Malaysia which ranked second as the largest importing
country posted a negative trade balance ofabout 388,270
MT (Fig. 17). Brunei Darussalam which had the least
fisheiy production posted a negative balance of trade of
4,662 MT while Singapore which is the second country
with the least fishery production also posted a high
negative trade balance of 163,162 MT.

During the period from 2000 to 2008, the value of the
products imported by the Southeast Asian countries
increased by about US$ 317,350 annually (Table 43).
In terms of average value per metric tons of imported
products, Singapore had the highest value at USS 4,060/
MT followed by Brunei Darussalam at USS 2,510/MT.
As for Thailand which is the largest importer among the
Southeast Asian countries, the value of its import was USS
1,595/MT while the value of the Philippine import was
the lowest at about USS 840/MT.

VII. SUAAAAARY

Since the early 20()0s, the Southeast Asian region has been
responsible for the substantial and consistently increasing
volume of the world's total fishery production, with the
region contributing about 13% in 2000 to about 20% in
2009 or at an average of more than 16% annually. Among
the Southeast Asian countries, Indonesia has maintained

its position as the leading fish producer with its volume
contributing an average of more than 30% annually to the

region's total fishery production. The Philippines which
ranked as the region's second highest producer contributed
an average of about 18% while Vietnam's contribution to
the region's total fishery production ranged from more
than 11% in 2000 to about 17% in 2009 with an average
ofabout 15% annually. This scenario reflects the important
role that Indonesia's fishery sector has played in the
region's economies.

On the other hand, the trend of the fishery production of
Myanmar has been increasing fast especially starting in
2008. While the country has contributed only about 8%
to the region's total fishery production in 2000. by 2009
it accounted for at least 12% with an average contribution
of 10% to the region's fishei-y production from 2000 to
2009. Meanwhile, Thailand seems to be losing its grip on
its fisheiy production as its contribution to the region's
overall total had been decreasing from 22% in 2000 to only
about 11% in 2009 decreasing at an average of more than
1% annually over the ten-year period. The region's fisheiw
production comes from three major sources, namely;
marine capture fisheries, inland capture fisheries and
aquaculture. During the ten-year period from 2000 to 2009.
marine capture fisheries had contributed substantially
to the region's total fishery production followed by
aquaculture and inland capture fisheries.

However, the contribution from marine capture fisheries
has been decreasing from 7()"'() in 2000 to only about 49",,
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Table 42. import volume of fish and fishery products by the Southeast Asian countries from 2000 to 2008 (MT)

Brunei Darussalam

Cambodia 3.094

hdonesia 171,349 151,957 110,035 92,649 126,826 128,431 165,195 126,003 198,980

Lao PDR 3,190

Malaysia

Myanmar

Philippines

Singapore

323,199* 349,265"

2,725

353,794" 375,870" 423.092' 399,379" 435,616' 438,898" 383,334"

248,407 180,992 217,069 152,389 134,375 182,765 179,640 202,163 210,215

183,934 174,391 179,616 215,305 227,340 253,552 244,646 239,686 225,703

Thailand 813,789 977,656 1,006,347 1,078,966 1,240,567 1,445,348 1,470,636 1,407,414 1,533,690

Vietnam 7,960 42,488 46,062 80,758 105,712 165,588 200,663 228,718 253,315

1,857,630 2,020,229 2,237,657 2,180,413 2,446,107 2,866,375 2,972,007 2,961,865 3,110,065

Sources; Fishery Statistical Bulletinfor the South China Sea Area (SEAFDEC. 2000-2009) and Fishery Statistical Bulletin of Southeast Asia (SEAFDEC
' Updated figuresprovided by Fishehes Management Information Division. DoF f/lalaysia;but not used for the calculation of total production.

Table 43. Import value of fish and fishery products by the Southeast Asian countries from 2000 to 2008 (US5 1000)

2000 2001 2002 2003 2004 2005 2006 2007 2008 1
Brunei Darussalam 15,239 13,379 13,136 11,847 14,415 15,766 25,646 15,907 12,260

Cambodia 2,724 467 586 3,090 3,225 3,714 4,341 5,086 2,443

Indonesia 101,644 93,730 79,095 75,903 143,669 106,330 142,742 118,966 202,029

Lao PDR 2,069 2,170 1,727 2,333 3,331 3,310 3,084 3,675 4,409

Malaysia 307,448" 335,180" 343,871" 375,631* 542,341" 533,921" 587,028" 648,196" 591,607"

Myanmar 1,894 605 642 1,704 2,791 3,213 2,598 2,931 5,231

Philippines 111,596 71,362 92,524 86,405 73,892 102,798 101,105 132,765 176,560

Singapore 560,405 494,362 513,415 598,724 705,335 776,580 757,639 818,064 916,118

Thailand 826,699 1,072,925 1,079,930 1,134,471 1,255,346 1,457,936 1,573,958 1,750.024 2,447.759

Vietnam 36,242 60,145 116,141 151,622 218,636 276,576 302,425 373,470 461,125

Total 1,965,852 2,145,850 2,297,541 2,443,603 2,958,752 3,277,086 3,493,875 3,865,759 4.822,005

Sources; Fishery StatisticalBulletin for the South China Sea Area (SEAFDEC. 2000-2009)and Fishery Statistical Bulletinof Southeast Asia (SEAFDEC
" Updated figures provided byFisheries Management Information Division. DoFMalaysia: but not used forthe calculation of total production.

in 2009 decreasing by an average of more than 2% every
year. This situation would need special attention in order
that marine capture fisheries could continue to provide
a sizeable amount of fishery production to enhance the
region's economies. On the other hand, the contribution
from aquaculture to the region's total fishery production
hadbeen increasing from22% in 2000to 43% in 2009 or at
anaverage rateofabout 2.3% annually. Although the trend
ofaquaculture production is increasing with large volume
being contributed to the region's total fishery production,
there are still major concerns that need to be addressed in
order that aquaculture would remain sustainable.

The region-s inland capture fishery sub-sector appears
to have potentials for further development especially if
the sub-sector is given more attention. The sub-sector's
contribution to the region's total fishery production from
2000 to 2009 indicated steady trend ofabout 8% annually
even if the real trend could not be established due to lack
of data from many countries. Following such situation,
there is a need to improve data collection especially from
inland capmre fisheries in order that the actual contribution
of inland capture fisheries to the region's economiescould

be established. It should be noted that Indonesia maintains

its position as the highest producer of fish and fishery
products not only from marine capture fisheries but also
from aquaculture and inland capture fisheries as well.

Specifically in 2009, a big portion of Indonesia's
production from marine capture fisheries comprised the
mackerels which accounted for 26% of the countiy's total
production from marine capture fisheries, especially the
short mackerel (Ra.strelliger hrcichvsonici) followed by
tunas providing 19% comprising mostly the skipjack tuna
(Katsiiwomispelamis) and frigate tuna (.4//.v/.v thazard). For
Vietnam, its main production comes from miscellaneous
marine fishes which had not been classified by species.
In the case of the Philippines, the main production also
comes from mackerels especially the Indian mackerel
{RastreHiger karnagurfci), accounting for 29% ol the
country's production from marine capture fisheries and
tunas comprising mainly the skipjack and yellowfin
tuna (Thunnu.s alhacares), providing about 25%). From
the current trend, it can be seen that the pelagic fishej*y
resources are very important for the region's marine
capture fisheries.
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In the case of aquaculture, production comes from
three main sources, namely: mariculture or marine
culture, brackishwater culture, and freshwater culture.
Indonesia's main products from mariculture are aquatic
plants which had not been classifiedby species while that
of the Philippines are the Zanzibar weeds {Eucheuma
cottonii) accounting for 79% of the country's production
from mariculture. This trend tends to suggest the
importance of marine aquatic plants and seaweeds in the
region's mariculture industry. For brackishwater culture,
Indonesia's main products are miscellaneous marine fishes
followed by Penaeus spp.although such species have not
been specifically classified.

On the other hand, Thailand's production from
brackishwater aquaculture comes mainly from Penaeus
vannamei contributing 96% of the country's production
from brackishwater aquaculture, while Vietnam's main
production came from Penaeus monodon providing 57% to
the country's production from brackishwater aquauculture.
It should be noted that although the production from
brackishwater aquaculture of Brunei Darussalam is

minimal at 354 MT, this comprised mainly the Pacific
blue shrimp{Penaeusstylirostris) accounting for 77% of
the country's production from brackishwater aquaculture
which is valued at about US$ 14,580/MT. This trend
indicates the importance of Penaeus spp. to the region's
brackishwater aquaculture industry.

In freshwater aquaculture, Vietnam's main production
comes from Pangasiiis spp. accounting for 58% of the
country's total production from freshwater aquaculture
and the remaining 42% is provided by miscellaneous
freshwater species which have not been classified
by species. For Indonesia, its production indicates
miscellaneous freshwater species which have not also
been classified by species. Myanmar ranks third in terms
offreshwater aquaculture production which comes mainly
from roho labeo{Labeo rohita) accountingfor 73% of the
country's total production from freshwater aquaculture.
Therefore, the economically important species for
freshwater aquaculture in the Southeast Asian region seem
to vary depending on the countries' technical capability.
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PART II

Issues and Challenges in Sustainable Fisheries Development
of the Southeast Asian Region

1. AAARINE FISHERY RESOURCES

The SoutheastAsian region abounds with marine fishery
resources which could include multi-species of fishes,
crustaceans, mollusks, aquatic plants, and invertebrates.
The most economically important species being exploited
from the region's pelagic fishery resources as well as from
demersal, high sea, and deep sea resources include among
others, tunas, mackerels, round scads, anchovies, and
sardines. The production trend of various marine aquatic
species presented in this publication is based on available
datafromvarioussourcessuchas thosefromtherespective
country's nationalfisherystatisticalreports, the SEAFDEC
Fishery Statistical Bulletin for the South China Sea Area
until2007,and the SEAFDEC FisheryStatistical Bulletin
of Southeast Asia from 2008 to 2009. Information from

these sources are being supplemented with data from
the SEAFDEC programs on Information Collection of
Some Small Pelagic Species in the South China Seaand
Information Collection of theHighly Migratory Species in
theSoutheast Asian Region Focusing onTunas, andother
technical publications. Nevertheless, themain production
data used intheforegoing sections aremostly based onthe
reports from the respective domestic fisheries under the
jurisdiction of thecountries in theSoutheast Asian region.

1.1 Important Pelagic Fishery Resources

Small pelagic fishes such as scads, mackerels, anchovies,
andsardines are amongthe mosteconomically important
commodities for many countries in the Southeast Asian
region. Thesehighlymigratoryfishspeciesare commonly
being thought ofas moving across the Exclusive Economic
Zones (EEZs) of more thanone countryand thus, are also
known as shared stocks. The abundance ofthese possibly
shared stocks show strong inter-annual fluctuations that
are also subjected to the impacts of climatic change. The
high fluctuations in stock abundance and the variability
of their migratory behavior pose a great challenge in
identifying not only the unit stocks but also the shared
stocks (SEAFDEC/MFRDMD, 2000; SEAFDEC/
MFRDMD, 2003). Accurate identification of specific
shared stocks is also difficultbecause of inadequate quality
or unavailability of relevant fishery statistical data and
infomiation. Considering the significant contribution of
small pelagic species to the marine fishery production of
the region, any delay in developing regional approach to
manage these stocks will further expose these species to
possible exploitation which at present, may probably be
already at unsustainable levels.

For example, it has been reported in regional statistics that
in 2008, small pelagic fish production accounts for more
than 28% of the total fishery production from the South
China SeaArea excluding the production ofCambodia and
Vietnam, and more than 20% ofthe total fishery production
in the Eastern Indian Ocean excluding production of
Myanmar (SEAFDEC, 2010). Its contribution is even
more significant in Brunei Darussalam, Malaysia and the
Philippines although the respective countries' production
showed fluctuating increment trends during the past
ten years until 2008. Moreover, in some countries such
as Indonesia and the Philippines which are the leading
producers in terms of quantity followed by Malaysia
and Thailand, small pelagic fish production has been
considerably significant to the respective countries'
economies (SEAFDEC/MFRDMD, 2003).

Considering the escalating figures in human population and
the corresponding demand for fish and fishery products,
there is a need to improve fishery production to supply
such demand, and one option could be to develop fisheries
aimed to increase production from under-exploited
resources (Siriraksophon, 2006). It has been reported that
under-exploited resources or those that are known to exist
but have not been harvested to full potential, because of
operational and economic constraints.

Moreover, it has also been known that under-exploited
stocks exist in the Eastern Indian Ocean and the Western

Central Pacific Ocean. These stocks mainly represent the
pelagic species such as tunas, scads, mackerels, among
others, although there is little scientific evidence tosupport
the existence and extent of availability of these stocks
(SEAFDEC/TD, 2006).

1.1.1 Tunas

The most exploited tuna species in the Southeast Asian
region include the neritic or coastal tuna as well as
oceanic tuna species which comprise the bullet tuna,
frigate tuna, eastern little tuna, long-tail tuna, skipjack
tuna, albacore tuna, yellowfin tuna, and bigeye tuna.
The fishing gears used to exploit the tuna species vary
from country to country, however the main type of gears
are purse seine, long line, pole and line, trawl, hand
line, and gillnet. In Southeast Asia, the main countries
catching tuna include Indonesia, Philippines. Thailand.
Malaysia, and Vietnam (SEAFDEC. 2010). Although
Brunei Darussalam, Cambodia and Myanmar also catch
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tuna but their production data are minimal compared with
those of the aforementioned five major tuna producing
countries, but in view of inadequate statistics and landing
data, tuna production of Brunei Darussalam, Cambodia
and Myanmar have not been included in the foregoing
analysis. The trend of the overall total tuna production of
Indonesia, Philippines, Thailand and Malaysia from 1997
to 2007 had been increasing from 997,320 MT in 1997
to 1.6 million MT in 2007 representing about 5% annual
increase or increasing by about 1.6 times during the last
ten-year period (Fig. 18 and Fig. 19).

For Indonesia, the total production increased from 515,158
MT in 1997 to 838,377 MT in 2007, but the catch dropped
in 2001-2003 before increasing again. The tuna species
are caught by small purse seine, long line, pole and line,
and hand line from fishing grounds that cover various sea
areas such as West Sumatera, South Java, Malacca Strait,
East Sumatera, North Java, Bali-Nusatenggara, South/
WestKalimantan, East Kalimantan, South Sulawesi, North
Sulawesi, and Maluku-Papua.

Onthe otherhand,production of tunafromthePhilippines
increased from 312,506 MT in 1997 to 618,500 MT in
2007 by almost twice in 10 years. Although the trend
of the country's production also dropped in 2001, such
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Figure 18. Production of major tuna species of the Southeast
Asian region
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Figure 19. Trend of tuna production from four main tuna-
producing countries of Southeast Asia
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trend rapidly increased starting in 2002 until after 2007.
The fishing gears used in the Philippines include mainly
the purse seine, ring-net, hand line, and hook and line.
Although tunas are also caught in the coastal areas of
the Philippines, the country's important fishing grounds
for tuna are Sulu Sea and Mindanao Sea. For Thailand
and Malaysia, only the production of neritic tuna such
as long-tail tuna, bullet tuna and eastern little tuna had
been reported during the earlier period. The total tuna
production of these two countries did not change much
during the 10-year period from 1997 to 2007, where the
total catch ofThailand in 2007 was about 119,032 MT and
53,021 MT for Malaysia.

The main fishing gears used in both countries are purse
seine andgillnet. Specifically in2005, the tunaproduction
of Thailand included about 74% eastern little tuna and
84% long-tail tuna, which had been reported to have come
from waters ofneighboring countries as shown inFig.20.

In terms of species composition, tuna caught in each
country seems to vary depending on the sea areas and
fishing grounds (Table 8, Part I). Overall, the highest
percentage of about 28% is represented by skipjack
tuna and 19% each for frigate tuna and little tuna, while
yellowfin tuna and long-tail tuna accounted for about
14% and 12%, respectively of the total production. On
the other hand, bigeye and albacore tuna provided less
than 5% (Fig. 21).

Specifically, the catches landed in Palawan in Western
Philippines increased from 38,740 MT in 2001 to 145,832
MT in 2006, an increase of almost 4 times within a
period offive years. For the Mindanao Sea in Southern
Philippines, the catches also increased from 6,050 MT in
2001 to ahigh of183,000 MT in 2006 increasing by about
30 times, which could be because of the expansion of
both hand line fisheries targeting the bigeye and yellowfin
tunas, and purse seine fisheries targeting the young bigeye,
yellowfin and skipjack tunas in the Western Pacific Ocean.
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Figure 20. Tuna production of Thailand in 2005: from the
Gulf of Thailand, Andaman Sea, and outside Thai waters



SEASOFIA: The Southeast Asian State of Fisheries and Aquaculture 2012

The results ofa study conducted by SEAFDEC, especially
on the catch distribution of tuna in the Southeast Asian

region between 2001 and 2006 (Fig. 22), indicated that
tuna fisheries in the Philippines had been developing very
fast especially in the Sulu and Mindanao Seas in 2006
compared to that of 2001. Specifically through various
surveys, SEAFDEC Training Department (TO) established
the distribution characteristics and stock oftransboundary
tuna resources in the Eastern Indian Ocean (SEAFDEC/
TD, 2002; SEAFDEC/TD, 2003; SEAFDEC/TD, 2006).
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Figure 21. Species composition of tuna from four major
tuna-producing countries of Southeast Asia
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In 2008 and 2009, the production of tuna from Indonesia
was dominated by the skipjack tuna followed by frigate
tuna and yellowfin tuna. For Malaysia, the most dominant
species was the long-tail tuna, and for the Philippines
skipjack tuna provided the highest production followed
by yellowfin, frigate and bullet tunas (Table 44). In terms
of the value of tuna production of Indonesia in 2009
compared with that of 2008, the trend seems to indicate
very drastic change which needs to be reconciled.

1.1.2 Round Scads

The three species of scads known to be found in the
Southeast Asian region are the Decapterus russselli, D.
maruadsi, and D. macrosoma. With round scads as the

most common species in the region, these are mostly
caught in their immature stage since mature fishes are rare
in many areas as these are believed to migrate to deeper
waters for spawning. Round scads have also been known to
spawn in the central part of the GulfofThailand, and there
is also an evidence of considerable migrations although
no tagging activities have been conducted to confirm this
presumption. Thus, stocks of Decapterus spp. are known
to be migrating in many fishing areas and thus, are shared
with possible considerable uncertainty of their limits,
specifically from the Gulf of Thailand to Sunda Shelf, in
Malacca Strait, Eastern South China Sea, and in the Gulf

of Tonkin. However, it is also possible that one or more
stocks are not shared especially those found in the waters
of Indonesia.

The main fishing gear used to catch round scads is purse
seine but the use of luring light techniques is common
in Thailand as well as the use of payao, a type of fish
aggregating device (FAD) is commonly used in the
Philippines. Round scads are also caught by trawl net but
it has been recorded that lift-net is used in the east coast

of west Malaysia.
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Figure 22. Relative distribution of tuna catches in Southeast Asia in 2001 (left) and 2006 (right)
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Table 44. Production of major tuna species in the Southeast Asian region in 2008 and 2009

County FAO Common Name Scientific Name
Quantity (MT)

2008 2009

Value (US$1,000)

2008 2009

Indonesia Frigate tuna Auxis thazard 134,744 135,200 10,835,815 51,159

Bullet tuna Auxis rochei 3,604 5,310 334,017 6,599

Skipjack tuna Katsuwonus pelamis 296,769 300,740 25,980,578 49,400

Long-tail tuna Thunnus tonggol 95,229 98,920 11,981,397 28,260

Albacore tuna Thunnusalalunga 36,538 37,380 6,133,317 19,910

Southern bluefin tuna Thunnus maccoyii 891 800 168,037 990

Yellowfin tuna Thunnus albacares 102,765 103,390 14,045,401 38,581

BIgeyetuna Thunnus obesus 53,979 54,660 6,133,188 20,110

Malaysia Skipjack tuna Katsuwonus pelamis 329' 4,460 390' 6,090

Long-tall tuna Thunnus tonggol 41,493' 27,569' 53,942 43,209'

Albacore tuna Thunnus alalunga 359 203 661' 297

Yellowfin tuna Thunnus albacares 1,459 1,403 3,812 2,662

Bigeye tuna Thunnus obesus 1,620 f,837* 4,466 3,771'

Philippines Frigate/bullet tunas Auxis thazard/A. rochei 156,341 - 188,821 -

Skipjack tuna Katsuwonus pelamis 222,010 251,524 296,506 264,186

Yellowfin tuna Thunnus albacares 168,411 152,437 292,107 249,592

Bigeye tuna Thunnus obesus 35,140 5,736 57,510 12,201

Source; F/sheryStatisticalBulletin of Southeast Asia (SEAFDEC, 2011)
' Updatedfiguresprovidedby Fisheries ManagementInformation Division, DoF Malaysia.

The total production of round scads based on the national
statistics provided by four countries, namely: Indonesia,
Malaysia, Philippines and Thailand from 1995 to 2004
indicated gradual increases from 640,000MT to 792,000
MT, butthe trend of thetotal production varied from 2005
to 2008 with the total production estimated as 785,000
MTin 2008. Considering the distribution of round scads
which also indicated abundance in the Gulf of Tonkin of
Vietnam, certain volume of catch data should have been
reported by the concerned countries but this has not been
the case as shown in the statistical reports. This means that
the total production ofround scads in the Southeast Asian
waters could be higher than what is reported elsewhere.

Nevertheless, in the major producing countries ofround
scads such as Indonesia and the Philippines, their total
catch varied from 250,000 MT in 1995 to about 320,000
MT in 2008 (Fig. 23). In the case of Thailand and
Malaysia, production also varied from 55,000 MT to
100,000 MT but the catch ofThailand gradually decreased
from 100,000 MT in 2004 to 60,000 MT in 2008 while
that of Malaysia had been consistent at about 95,000 MT
during the same period.

Based on the results of collaborative studies on round
scads in the South China Sea conducted by SEAFDEC/
MFRDMD from 2002 to 2006, Decapterus macrosoma are
widely distributed in the coastal areas of the South China
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Figure 23. Round scads production In selected Southeast
Asian countries (1995-2009)

Sea from the Gulf of Tonkin, Gulf of Thailand and west
coast of Borneo, and in Palawan and west coast of Luzon
in the Philippines. The exploitation rate ofD. macrosoma
in the South China Sea varies from 0.42 to 0.90 depending
on the specificfishing grounds (Fig. 24). ForD. maruadsi,
the exploitation rate also varied from 0.26 to 0.90 while the
exploitation rate ofboth D. macrosoma and D. maruaiisi is
high especially in the Gulf of Tonkin and in the southern
part of the east coast of Vietnam where the exploitation
rate could be higher than 0.8.

As also reflected in the statistical data, although the
production of round scads in the region had slightly
increased from 2008 to 2009, the value of these species
had abruptly been reduced by millions of US$ (Table 45).
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Figure 24. Exploitation rate of D. macrosoma (left) and D. maruadsi (right) in the South China Sea (2002-2005)

Table 45. Production of major scad species in the Southeast Asian region in 2008 and 2009

Country FAO Common Name Scientific Name
Quantity (MT)

2008 2009

Value (US$1,000)

2008 2009

Indonesia Scads Decapferus spp. 327,367 330,690 20,053,082 34,560

Bigeyescad Selar crumenophthalmus 7,927 9,270 535,519 1,290

Yellowstripe scad Selaroides leptolepis 150,830 153,490 12,102,171 43,890

Malaysia Indian scad Decapterusrusselli 96,946 92,016* 100,773 110,850'

Bigeyescad Selar crumenophthalmus 55,638* 47,158' 72,502* 74,333*

Yellowstripescad Selaroides leptolepis 20,224' 18,217' 22.566* 21,998*

Philippines Scads Decaptenjs spp. 297,892 251,072 315,179 262,969

Bigeyescad Selar crumenophthalmus 97,149 107,335 124,488 130,356

Vietnam Indian scad Decapterus russelli -
27,829

-
33,444

Source: Fishery StatisticalBulletin of Southeast Asia (SEAFDEC, 2011)
' Updated figures provided byFisheriesManagement Information Division. DoFMalaysia.

1.1.3 Mackerels

In addition to scads, mackerels are also among the
most important small pelagic fishes in Southeast Asia
contributing about 39% to the small pelagic production
or 10% to the total capture production in 2008. Its
contribution is more significant in Malaysia, Brunei
Darussalam and the Philippines as shown in Table 46.
However, the production data show fluctuating increment
trends for the past ten years until 2008 especially in some
countries that provided their respective production data
(Fig. 25). Indonesia and the Philippines are the lead
producers in terms of quantity followed by Malaysia and
Thailand. Due to negligible figures in terms ofproduction,
the data from Brunei Darussalam and Singapore are not
included in the analysis.

Distribution ofScads and Mackerels by Ecosystem

In 2008, scads were reported to be more dominant than
mackerels in the South China Sea where production of
scads contributed 25% to the total small pelagic production
or 7% to the total production while mackerels contributed
15% to the total small pelagic production or 4% of the

total production. However, in the Eastern Indian Ocean
mackerels are more dominant contributing 26% to the
total landings of the small pelagic species, while scads
contributed only 12% (Table 47). A comparison of the
production trends of Indonesia, Malaysia and Thailand
indicates that scads are more predominantly caught in the
South ChinaSea than in the Eastern IndianOcean except
for Thailand. However, mackerels which are less dominant
in the South China Sea ofIndonesia and Malaysia are more
dominant in the GulfofThailand than in the Andaman Sea

ofThailand, suggesting that the species which is dominant
in the Gulf of Thailand could be different from those in

other parts of the South China Sea.

Nevertheless, the stocks of scads and mackerels in the

adjacent EEZs of Thailand and Malaysia in the Eastern
Indian Ocean and in the South China Sea Area are mosi

likely shared. Therefore, once the stocks in one of the EEZs
are over-exploited these could be replenished through
recruitment of the species that originate from the other
EEZ. However, over-exploitation of the same stock in both
EEZs could lead to stock decline which could possibly
result in total collapse of the stocks.
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Table 46. Percent contribution of scads and mackerels to total fish production of Southeast Asia in 2008

Brunei
Darussalam Indonesia Malaysia Myanmar Philippines Singapore Thailand Vietnam Average

% to tola catch

% to small pelagic

Source."Fishery Stai/si/ca/ Bulletin of Southeast Asia (SEAFDEC, 2011)
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Figure 25. Production trends of scads and mackerels in
selected Southeast Asian countries

Status ofScads in Malaysia and Thailand

Scads in the Gulf of Thailand are caught almost 100%
by purse seine, while those from the South China Sea
and landed in Malaysia are mostly caught by purse seine
(89%) and 11% bytrawl, drift/gill net, lift-net, and hook
and line (Fig. 26). Although purse seine isthe main fishing
gear exploiting scads, the landings ofscads by purse seine
from these two waters clearly indicate an overall declining
trend since 2002 (Fig. 27). For Malaysia, scads from the
Straits ofMalacca and the Andaman Sea are also exploited
mainly by purse seine as shown in Fig. 26.

Malaysia-South China Sea Thailand - Gulf of Thailand

Malaysia • Strait of Melacca Thailand •Andaman Sea

• Ottertrawl • PurseSeine• Drift/gill net • Lift net • Hooks &Lines

Figure 26. Landings of scads from the South China Sea
(above) and Eastern Indian Ocean (below) waters of Malaysia
and Thailand in 2007
{Source Fishery Statistical Bulletin o' Southeast Asia 2008 (SEAFDEC. 2010})
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Table 47. Contribution of scads and mackerels to the total

catch and total small pelagic fish production in the South
China Sea and Eastern Indian Ocean in 2008

South China
Sea

Eastern Indian
Ocean

Mackerels

Country Total
catch

Small
pelagic
catch

Total
catch

Small
pelagic i
catch

Brunei
Darussalam

11 29 6 17

Cambodia ? 7 7 7

Indonesia 8 27 5 16

Malaysia 8 26 4 13

Philippines 13 29 6 14

Singapore 3 38 7 7

Thailand 0.4 1 5 16

Vietnam ? 7 7 7

Average 7 25 4 15

Indonesia 3 10 6 18

Malaysia 6 16 21 59

Myanmar ? 7 7 7

Thailand 3 12 2 8

Average 2 12 5 26

Source: Fishery Statistical Bulletinof Southeast Asia (SEAFDEC. 2011)

While the landings of scads by purse seine in the South
China Sea are still increasing which is very prominent
in the Straits of Malacca (Fig. 27), the same landing
trends have also been observed in Malaysia and Thailand
generally indicating that purse seines operating in the
South China Sea especially in the EEZs of both countries
probably exploit the same stock of scads. Since declining
landing trends indicate that the stock is already over-
exploited, therefore the stock of scads in the Eastern
Indian Ocean may probably have already reached an
over-exploitation level. As reported in 2008, there were
about 2,336 units of purse seiners operating in the EEZs
of these two countries. Therefore, it would be necessary

to enforce suitable management measures solely for purse
seine fishery operations in view of their direct impact on
the slocks of scadsconsideringthat purse seine is the only
gear exploiting the scads.

Status ofMackerels in Malaysia and Thailand

Mackerels are caught by various types of gears in the
South China Sea although purse seine, trawl and drift/
gill net are the main gears catching these species, and the
contribution of mackerels to the landings in Malaysia as
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Figure 27. Landing trends of scads caught by purse seines
in the South China Sea (above) and Eastern Indian Ocean
(below) waters of Malaysia and Thailand in 2007
(Source; Fishery Statistical Bulletin ofSoutheastAsia2008 (SEAFDEC. 2010))

well as in Thailand varies. In Malaysia, the catch from
purse seines accounted for about 45% of the total catch
in 2008, while that from drift/gill nets was 31% and from
trawls 18% (Fig. 28). On the other hand, purse seine
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fisheries in the Gulf of Thailand contributed about 46%

to the total catch in 2008, trawls contributed 51%, and

drift/gill nets 3% (Fig. 28). In general, landings using
these three main gears in Malaysia indicated fluctuating
and declining trends, although a declining trend is more
obvious in the Gulf of Thailand (Fig. 28). Such situation
implies that the mackerel stocks in the South China Sea
are already over exploited. Nonetheless, the question on
whether these are the same stocks or whether the scads

and mackerel stocks are shared among the countries in the
region, still remain unanswered.

Records in 2008 indicated that mackerels in the eastern

side of the Straits of Malacca are caught by purse seines
(43%), drift/gill nets (37%) and trawls (20%). On the
other hand, only purse seines and trawls catch substantial
amounts of mackerels in the Andaman Sea in 2007, the
percentage ofwhich is almost equal to the total production,
but landings from the drift/gill nets are almost not
significant. Nevertheless, landings by the three main gears
in the Straits ofMalacca are still increasing by about three
times more in terms of quantity than in the Andaman Sea
(Fig. 29). Although, purse seine landings in the Andaman
Sea indicate a continuous declining trend but the trawl
landings show the opposite trend. As a whole, both
landings have been declining since 2005 which suggest
that exploitation could be involved in these two distinct
fish stocks since the landing trends in Malaysia follows an
opposite trend compared with that of Thailand.

Mackerel stocks are exploited by three main fisheries,
namely: purse seine, trawl and drift/gill net. The fishing
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Figure 28. Landing compositions (2009) and production trends (1999-2009) of mackerels by main gear types
of Malaysia and Thailand in the South China Sea areas
(Source; SEAFDEC. 2010)
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Figure 29. Landing compositions (2009) and production trends (1999-2009) of mackerels by main gear types
of Malaysia and Thailand in the Andaman Sea
(Source; SEAFDEC. 2010)

grounds of purse seiners and trawlers are more offshore
than those ofthe drift/gill netters. This requires an analysis
of the landing data by species since distribution of the
species could be varied. Results ofa study conducted
by the SEAFDEC/MFRDMD showed that the Indian
mackerel (Rastrelliger kanagurta) comprised about 25%
of the total catch of purse seines in the South China Sea
offMalaysia, while the Indo-Pacific mackerel {Rastrelliger
brachysoma) contributes only about 2% (Raja Bidin and
Ku Kassim, 2007). In the Andaman Sea, purse seines using
FADs and light purse seines are reported to be catching
more Indian mackerels than the Indo-Pacific mackerels
which are caught mainly by Thai purse seines. Likewise,
trawlers using high opening trawl nets catch mainly the
Indo-Pacific mackerels.

Identification ofSharedStocks ofScads and Mackerels

Based on the ten-year fishery statistical data provided
and published yearly in the SEAFDEC Fishery Statistical
Bulletin ofSoutheast Asia, the landing trends by group of
fishes could be derived but not for the scads and mackerels
group since production has not been reported at species
level. Moreover, since fish distribution is shown by
ecosystem rather than by national boundaries, analysis
should also be done byecosystem for the whole of South
China Sea orEastern Indian Ocean ofthe Southeast Asian
region. In order to do this, countries in the region should
providethe requireddata at certain level that couldbe used
to describe the status of the fish stocks.

The availability of comprehensive statistical data at
species level for the whole coverage area will help in
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the analysis and identification of the possible shared
stocks in the region. This information combined with
other scientific findings through tagging experiments
and molecular analysis could help confirm the existence
and extent of the shared stocks. This is important since
effective management of shared stocks requires measures
to be undertaken for the whole coverage area even if this
is beyond the countries' national waters. Just like scads,
the production of mackerels also increased from 2008 to
2009 butthe value oftheproduction haddeeplydecreased
from 2008 to 2009 (Table 48).

1.1.4 Anchovies

Thirteen species ofanchovies under thegenus Stolephonis
are found in the Southeast Asian region but only two,
namely: Stolephorus heterolobus and S. Indians are the
most common. Stocks of Stolephorus spp. are believed
to typically form a number of local stocks close to the
inshore waters although notalways, and arealso believed
to have no regular migration patterns although moving
about within a fairly well defined area. Nonetheless, the
anchovies in the vicinity of the Southeast Asian waters are
believed to form a transboundary shared stock. Although
there could be several other stocks being shared in the
region, very little information is availableto confirmsuch
situation.

Anchovies like other species feed mainly on planktonic
cioistaceans and breed throughout the year with a peak
during the first part of northeast monsoon in Manila Bay
(October to January), and in the Gulf of Thailand from
February-April and July to December. Anchovies are
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Table 48. Production of major mackerel species in the Southeast Asian region in 2008 and 2009

Country FAO Common Name Scientific Name
Quantity (MT)

2008 2009

Value(US$1,000)

2008 2009

Indonesia Narrow-barred Spanish
mackerel

Scomberomorus commerson 126,985 128,250 20,635,834 42,571

Indo-Pacific king
mackerel

Scomberomonjs guttatus 24,505 26,360 5,029,161 34,850

Queenfishes Scomberoides spp. 13,412 14,520 1,224,639 5,150

Blue mackerel Scomber australasticus 455 510 19,285 140

Short mackerel Raslrelligerbrachysoma 249,438 251,510 24,607,984 91,360

Indian mackerel Rastreiliger kanaguria 16,849 18,170 1,432,386 1,210

Malaysia Seerfishes Scomberomorus spp. 14,630' 12,633' 53,826' 46,471'

Queenfishes Scomberoides spp. 3,322 2,772' 4,100 3,509*

Indian mackerels nel Rastreiliger spp. 170,321' 185,490' 213,153' 295,038'

Philippines Narrow-barred Spanish
mackerel

Scomberomorus commerson 19,005 17,192 39,573 34,497

Seerfishes Scomberomonjs spp. 7,334 - - -

Queenfishes Scomberoides spp. - 6,959 - -

Chub mackerel Scomberjapunicus 1,255 1,866 • -

Short mackerel Rastreiligerbrachysoma 50,986 49,478 62,005 56,642

Indian mackerel Rastreiligerkanagurta 91,272 87,449 112,728 100,215

Source:Fishery Statistical Bulletinof SoutheastAsia (SEAFDEC. 2011)
' Updated figures provided byFisheries Management information Division, DoFMalaysia.
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Figure 30. Production status and trends of anchovies in
selected Southeast Asian countries (1995-2009)

mainly caught by anchovy purse seine operating in day
time as well as in the night time with the use of luring
lights, bamboo stake traps, luring light lift-net, set bag net,
push net, and incidentally also by trawl fishing operations.
The total production ofanchovies from 1995 to 2007 based
on the statistics from five countries such as Indonesia,

Malaysia, the Philippines, Singapore and Thailand varied
from 410,000 MT to 454.000 MX. The peak of the catch

was observed in 2001 especially in Indonesia and the
Philippines (Fig. 30).

The production of anchovies from Malaysian waters has
not differed during the period from 1995 to 2007, which
was around 20,000 MT (Fig. 30). Similar trend was also
noted in the Philippines where the catch was about 70,000
MT except in 2001. In addition, the catch of anchovies
in Indonesia and Thailand fluctuated where the average
catch was about 170,000 MT for Indonesia and 150.000

MT for Thailand. Although the data in 2008 and 2009
were insufficient for stock assessment, the data seemed to

indicate increasingtrend in tenns ofvolume but decreasing
in tenns of value (Table 49).

7.7.5 Sardines

Sardines are pelagic schooling fish species feeding on
phytoplankton and zooplankton. There are six species
of sardines specifically found in Thailand and in many
countries of the region. However, the three common

Table 49, Production of anchovies in the Southeast Asian region in 2008 and 2009

Country FAO Common Name Scientific Name

Indonesia Slolephorus anchovies Slolephorus spp.

Malaysia Slolephorus anchovies Stolephorus spp.

Philippines Stolephorus anchovies Stolephorus spp.

Quantity(MT)

199,675

79,600*

73,235

Source."F/shery StatisticalBulletin of Southeast Asia (SEAFDEC. 2011)
' Updated figuresprovided by Fisheries Management Information Division. DoF Malaysia.
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Table 50. Production of sardines in the Southeast Asian region in 2008 and 2009

Country FAO Common Name Scientific Name
Quantity (MT)

2008 2009

Value (US$1,000)

2008 2009

Indonesia Spotted sardinella Amblygaster sirm 5,618 6,050 72,258 120

Goldstripe sardinella Sardinella gibbosa 174.356 175,800 10,645,067 22,110

Bali sardinella Sardinella lemuru 139,350 139,010 5,345,563 36.790

Malaysia Diadromousdupeoids
nei

Clupeoidei 850 1,025 4,382 3,657

Philippines Sardinella nei Sardinella spp. 369,199 467,853 208,562 232,967

Source;F/s/iefySfafel/ca/ Bulletin of SoutheastAsia (SEAFDEC, 2011)
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Figure 31. Production status and trends of sardines in
selected Southeast Asian countries (1995-2009)

species are: Sardinella gibbosa, S. frimbriata, and S.
albella. Sardines are normally scattering in thecoastal and
offshore areas atwater depths ranging from 30to70m.The
peak ofthe spawning season ofsardines isinMarch-April
and July-August inthe GulfofThailand. Themain fishing
gear used is purse seine with and without luring lights,
encircling gill net, lift-net, setnet, and bamboo stake trap.
For countries like Indonesia, Philippines and Malaysia,
sardines are also among the important small pelagic
species and are usually utilized for several products such
ascanned, dried, smoked, boiled, fermented (fish sauces),
cured, made into fishmeal, and also marketed fresh.

However, the total production of the main sardine
producing countries in the region seemed to have
fluctuated from 1995 to 2007, with the total catch varying
within the range from 730,000 MT and 846,000 MT, with
peaks noted in 1996 and 2006. By country, the total catch
of sardines was stable at about 50,000 MT in Malaysia,
while for Indonesia and the Philippines the catches

uctuated but seemed to follow slight increasing trends
during the period from 1995 to 2007 with the sardine catch
ofthe Philippines increasing from 264,000 MT in 1995
to 313,000 MT in 2007. In addition, the sardine catch of
Indonesia also increased from 280,000 MT in 1995 to
380,000 MT in 2007 (Fig. 31).

Specifically for Thailand, sardines production gradually
declined from 220,000 MT in 1996 toabout 100,000 MT
in 2007 (Fig. 32), where most of catch came from the
Gulf of Thailand which was about three times more than
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Figure 32. Decline in production trends of sardines in the
Gulf of Thailand and Andaman Sea (1995-2009)

that of the Andaman Sea. Nonetheless, the total catch
also seemed to be declining in the Gulf of Thailand and
Andaman Sea from 162,000 MT in 1996 to 82,000 MT
in 2007, and from 53,000 MT to 16,000 MT, respectively,
andtheoverallproduction ofsardines in selected Southeast
Asian countries from 2008 to 2009 seems to have increased
as shown in Table 50.

1.2 Deep Sea Fishery Resources

Although almost 50% of the Southeast Asian waters
comprised continental shelfbut there arealsocontinental
slopes and deep basins down to nearly 1,000 to 5,000
meters deep which form the largest habitats of various
fishery resources especially around Indonesia, Philippines,
and some parts of Andaman Sea (Sukramongkoi, 2011).
Within the depth of 100 meters, the fishery resources
are intensively exploited by trawl fisheries especially
the shallow-water fish species which have been well
documented (Siriraksophon, 2006; Yasook, 2008;
SEAFDEC/TD, 2009). Attempts to assess the status of
the demersal resources at the unexploited range of 200-
350 meter depths have been undertaken since late 70s by
the Norwegian research vessel, Dr. Fridtjof Nansen in
association with FAO (Nishida and Sivasubramaniam,
1986). However, information and biological knowledge
on the deep sea fauna in the EEZs of the Southeast Asian
countries are still inadequate especially the demersal
resources in the continental shelf and slope beyond
100-meter depth. Currently, comprehensive knowledge
on deep sea fishery resources could only be made
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available from results of research explorations under
some collaborative programs, e.g. "Census of Marine
Life" survey project in Philippine Waters in 2005-2008,
the "OFCF-AMFR Deep-Sea Joint Exploration" survey in
the West Coast ofSumatra and Java ofIndonesia between
2004 and 2005, "BIOSHELF Scientific Corporation
Program" between Denmark andPhuket Marine Biological
Center at the Andaman Sea ofThailand between 1996 and
2000 (Aungtonya et al., 2000; OFCF and AMFR, 2006;
SEAFDEC, 2008; SEAFDEC, 2009b; SEAFDEC, 2010b).

A number of explorations conducted since 2004 in many
areas off the Philippines and Indonesian waters where
the sea depth ranged between 200 and 1000 meters
providedgeneral knowledgeabout the high diversity and
abundanceoffishery resourcesin theseareas.Specifically,
results of the surveys revealed that these areas serve
as habitats of commercially useful species such as the
red roughy {Haplostethus crassispinus), black roughy
{Haplo.stetlnis nihelloterus), AMonsino {Beiyx splenciens),
and blackthroat seaperch (Deoderlrieinia befycoides) in
the West Coast of Sumatra and Java of Indonesia, and
significantcatches ofpandalid shrimps(e.g.Heterocarpiis
woodmasoni, H. hayashii, H. dorsalis) which were
recorded in the continental shelf and slope off the West
Coast of the Philippine waters (OFCF and AMFR, 2006;
SEAFDEC, 2008). Results from the said joint explorations
indicated that the fishery resourcesat the various parts of
Indonesia and the Philippines are still under-exploited.

However,the ecosystems and resourcesare likelybecoming
vulnerable, particularly taking into consideration the low-
productivity species and sensitive deep sea habitats. Such
status could also be affected by the countries' current
efforts and plans to expand their respective fishery
operations towards the deep water areas. Responding
to the increased human demand of fishery resources,
attempts have been made by many countries to undertake
commercial deep sea fishery operations starting in 2008.
Commercial deep sea fishing practices such as gillnet,
trawl, bottom longline, multiple hook and line, and traps
had been undertaken in Indonesia and the Philippines
(SEAFDEC, 2010b). However, the possible impacts of
deep sea fishing are unknown because such practices
are not yet well studied while there are still no specific
regulations related todeep seafishing practices that would
ensure sustainable utilization of the deep sea resources
in the Southeast Asian region. In addition, there is also
limited knowledge on appropriate technologies tor the
utilization and exploitation of deep sea fishery resources.
The FAO International Guidelines for the Management of
Deep-sea Fisheries in the High Seas had been developed
and adopted in 2008. Such Guidelines should therefore
be taken into consideration by the countries intending
to develop their respective deep sea fisheries. Since the
(iuidelines include deep sea fisheries within national

jurisdictions, the implication ofthe extent ofmanagement
requirements for deep sea fisheries in the EEZs should be
carefully studied by the concerned countries.

1.3 Species Under International Concern

Driven by the world's escalating population growth and
rising global demand for fishery products, fishing capacity
has also been increasing over the years. As a result,
approximately 47% of the main fishery stocks or species
groups are fully exploited and are therefore providing
catches that have reached or are very close to their
maximum sustainable limits. Over time, the international
community has launched various initiatives aimed at
improving the conservation status of commercially-
exploited aquatic species under the domain of both
binding international and soft laws for the protection of
various commercially-exploited aquatic species. Several
regional fishery bodies (RFBs) and arrangements also
play important role in the conservation and management
of the fishery of commercially-exploited aquatic species
such as tunas, sharks and billfishes in far-flung sea areas
covering the coastal states and high sea areas. In order
to regulate the trade and secure the sustainability of the
fishery of endangered aquatic species, the Convention
on International Trade in Endangered Species of Wild
Fauna and Flora (CITES) as an international agreement
among governments adopted in 1963, ensures that the
international trade ofspecimens ofwild animals and plants
does not threaten their survival. Through the efforts of
CITES, varying degrees ofprotection have been accorded
to more than 30,000 species ofanimals and plants that are
traded as live specimens, fur coats or dried herbs as the
case may be.

For marine species, several commercially-exploited
aquatic species have already been listed in the CITES
Appendices such as the African blind barb tlsh and
black corals (Appendix 11 in 1981), giant clams and hard
corals (Appendix 11 in 1985), queen conch (Appendix
II in 1992), sturgeons and paddlefish (Appendix II in
1998). coelacanths (Appendix 1in 2000), basking shark,
whale shark, and seahorses (Appendix II in 2002),
humphead wrasse (Napoleon fish), great white shark,
and Mediterranean date mussel (Appendix 11 in 2004).
sawfishes (Appendices 1 and 11 in 2007). and European
eel (Appendix II in 2007). Recently, the Atlantic bluefin
tuna, red and pink corals, and eight shark species were
proposed to be listed in the CITES Appendiees during
the last C0P15-C1TES in 2010. The Southeast Asian

countries have noted the issues carefully because such
aquatic species are economically-exploited in the region
and thus, are economically important considering their
close relationship with the region's traditional fisheries
particularly the small-scale fisheries. However, due
to insufficient information from stock assessment and
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scientific evidence, the countries in the Southeast Asian
region required more time to undertake the necessary
measures to react on the proposal for listing such species in
the CITES Appendices. The countries are now developing
conservation measures and working towards sustainable
fishery management ofsuch species considering that their
possible listing in the CITES Appendices could directly or
indirectly affect the national economies and livelihoods of
small-scale fishers in the Southeast Asian region.

The issues on the sustainable fishery management of
economically-exploited aquatic species have been
discussed at SEAFDEC Meetings for many years.
Specifically, while considering the importance ofthe issue
on sharks and the possible listing of shark species in the
CITES Appendices, the 43"' Meeting of the SEAFDEC
Council in 2011 requested SEAFDEC to support
the Member Countries by coming up with scientific
information and evidence to support the development of
common position of the Member Countries. In this regard,
SEAFDEC also recognized that policy recommendations
and management plan on the improvement of data
collection of commercially-exploited species in the
Southeast Asian region would be crucial in order to come
up with the required information that would support the
assessment of the stocks of such species.

1.3.1 Sharks and Rays

Sharks and rays, (Subclass Elasmobranchii) biodiversity
in Malaysia. Indonesia and Thailand is the richest in the
Southeast Asian Region, with at least 252 species from 44
families comprising 129 species of sharks under 7 orders
and 27 families and 123 species of rays from 6 orders and
17 families. The species inhabit the waters of these three
countries from fresh water environment to deep ocean.
Indonesia recorded the highest biodiversity ofsharks with
at least 1lOspecies from 26 families, followed byThailand
with 63species (20 families) and Malaysia with62 species

(18 families). As for rays, Indonesia also have the highest
number with 104 species from 17 families followed by
Malaysia with 79 species (15 families), and Thailand 64
species and 13 families (Table 51).

Only a few species of sharks and rays are dominant
but the dominant species are vary among the countries
with oceanic species are rarely caught, except for
Indonesia. In general the most dominant sharks species
caught are spot-tail shark, Carcharhinus sorrah; silky
shark, Carcharhinus falciformes\ blacktip reef shark,
Carcharhinus melanopterus'. bull shark Carcharlunus
leitcas; milk shark, Rhizoprionodon acu/us: scalloped
hammerhead shark. Sphyrna icwini: grey bambooshark,
Chiloscyllium griscunr. and brownbanded bambooshark,
Chiloscylliumpunctatum. As for rays, tiic most dominant
species in general are blue-spotted maskray, Ncotrygon
kuhlii\ whitcspotted whipray, Hiniantura gcrrarili\ scaly
whipray, Hiniantura inihricafa: pale-edged stingray,
Dasyatis zugei\ leopard stingray. Hiniantura uarnak;
whitenose whipray. Hiniantura uarnacaides: and dwarf
whipray, Hiniantura walga. The fresh water sharks and rays
speciessuch as the Borneo river shark, Glyphisfo\vk'rae\
giantfreshwater stingray. Hiniantura j)()lyk'pis\ white-edge
freshwaterwhipray.Hiniantura signifcr. Mekong stingray.
Dasyatis laoscnsis and roughback whipray. Hiniantura
kittiponggi are rarely found and endemic within certain
area and are threatened to ovei-fishing. Sawfishes species
such as Pristis niicrodon\ knifetooth sawfish. Anoxypristis
cuspidata\ green sawfish, Pristis zijsron and smalltooth
wide sawfish. Pristis pectinata are now very rarely seen
and listed as endangered species in ail countries.

Most ray species especially those are localized within
estuarine and coastal waters arc no longer appeared due to
heavily fishing pressure. Freshwater ray species especially
Hiniantura polviepis is now becoming endangered in
all countries. Endemic species especially confined in
freshwater rivers such as Hiniantura signi/icr, Dasyatis

Table 51. Number of sharks and rays in Malaysia, Indonesia and Thailand compared with that of the world's total number

Sharks

Number of

Order

Number of

Family

Sources.'
•SEAFDEC/MFRDMD study

"Compagno (2002). Compagnoand Last (2002)

Total number of species
(Malaysia,Indonesia, Thailand)

Total number of species
(World)

Table 52. Number of species and families of sharks and rays in Malaysia, Indonesia and Thailand

Country

Malaysia

Indonesia

Thailand

Sharks

Totalfamily Totalspecies

Sources: Fatimi 2010 Vidthayanon. 2020. and Yanoet at. 2005

Totalfamily

Rays

Total species

Percentage compared to number
of species In the world

Total (Sharks & Rays)

Total family Total species
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laosensis and Himantura kittipongi are also affected by the
pressure from fisheries activity and other human-induced
sources of habitat degradation.

Even though the number of sharks and rays species
recorded in Malaysia, Indonesia and Thailand is more
than 250 species, the status of its biomass is still unknown
(Ahmad and A.P.K.Lim, 2011). With new species
continuously discovered, the number could increase in
the future.

Specifically, deep water species are mostly unknown due
to limited research activity, while fishers from Indonesia
reported tohave caught deep water sharks using long line.
The total number of sharks and rays in these countries is
about 23% of total number recorded in the world which is
now more than 1080 species of which sharks account for
about 27 % and rays about 20% (Table 52).

The abundance of Chondrichthys fauna in the Southeast
Asian Region and it adjacent area is due to the region's
geographical location covering many seas such as South
China Sea, Gulf of Thailand, Sulu Sea, Philippine Sea,
Celebes Sea, Flores Sea, Makassar Strait, Karimata Strait,
Java Sea, Malacca Strait, Andaman Sea, Indian Ocean
and western part of Pacific Ocean. Moreover, the coastal
waters of many countries in the region also comprise a
rich ecosystem characterized by the existence of areas
with extensive coral reefs and seasonal up-welling, as
well as nutrient from land that are suitable for breeding,
spawning, nursing and growing of wide diversity of fish
species including sharks and rays.

Diverse sharks and rays faunas occupy a variety of
habitats from freshwater river to oceanic realms beyond
the continental shelves. According to Compagno (2002)
and Last and Compagno (2002), the habitats occupied
by sharks and rays could be categorized into: marine
continental and insular shelves (from freshwater lakes and
rivers to 200 m depth, the continental and insular slopes
below200 m and extending to 2000mdepth, and oceanic
realm beyond the continental shelves and above the slopes
and ocean floor. Many speciesoverlaptwo or moreof these
categories of habitats which could be classified as shelf
to slope (SHS), slope to oceanic (SOC). shelf to oceanic
(SHO), shelf to semi-oceanic (SSO) and wide range of
habitats (WRH).Othershabitats areeuiyhaline freshwater/
shelves (SHF) confined in oceanic (OCE). continental/
insular shelves (SHE) and continental/insular slopes
(SLO). Compagno and Cook (1995) placed freshwater
elasmobranch for those species confined in freshwater as
obligate freshwater (FWO).

The habitats preferred by species of sharks and rays
species in Malaysia. Indonesia and Thailand (Compagno,
2002; Last and Compagno, 2002) indicated that rays are

SHL SHS SLO SHO SHF SSO OCE SOC FWO WRH

Fig 33: Overall habitat preferred (in percent) by species of
sharks and rays in Malaysia, Indonesia and Thailand

mostly adapted to a benthic life style and dominant in
continental/insular shelves (SHL). Only some species are
pelagic compared to sharks which are dominant in more
categories especially within continentaFinsular shelves
(SHL),shelf to slope (SHS) and continental/insularslopes
(SLO). In general a total of58 species ofsharks (45%) and
92 species of rays (75%) inhabit the continental/insular
shelves (SHL): 26 species ofsharks (20%) and 8 species of
rays (7%) in shelfto slope (SHS); and 20 species ofsharks
(16%) and 7 species of rays (6%) in continental/insular
slopes (SLO). The other categories such as freshwater
(FWO), widerange (WRH),slope to oceanic (SOC), shelf
to semi-oceanic (SSO) and oceanic (OCE) are inhabited
by only 1-5 species except for shelf to oceanic (SHO)
with 8species ofsharks and rays respectively (Figure33).

Various issues on sharks had been raised by the ASEAN
and SEAFDEC during the 13''' Meeting of the Fisheries
Consultative Group of the ASEAN-SEAFDEC Strategic
Partnership in2010,whereSEAFDECwasasked to support
the Member Countries in coming up with information/
scientific evidence to support thedevelopment of regional
common position to address the global issues on sharks.
Specifically, the Meeting identified the priority areas that
should be undertaken by SEAFDEC, which included
the improvement of data collection on sharks at the
national level and the implementation of human resource
development activities on species identification of major
shark species in the region. Such issues and challenges in
conserving and managing shark and ray resources were
followed-up recently at the Special Meeting on Sharks
Information Collection in Southeast Asia organized by

SEAFDEC in September 2011 in Thailand (Boxl).

During the Meeting, it was recognized that most of the
countries in this region have developed their respective
national management plans for sharks (NPOA-Sharks)
and are in the process of implementing such plans. The
major types of management measures related to sharks
and rays conseiwation include: establishment ot shark ray
no-take zones in national Marine Parks or marine protected

V)
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Issues, problems and concerns relevant to sharks collection
and utilization in the Southeast Asian region were identified,
including the inadequacies in stock assessment of sharks and
rays as well as insufficiencies in terms of knowledge and skills
in species Identification especially for the look-alike species of
sharks and rays.

For effective management of sharks and rays in the Southeast
Asian region, the Meeting recommended that:
• appropriate methodologies should be developed including

the conduct of genetic studies for species identification of
dominant species based on dried fins and landed fins;
R&D aimed at identifying and/or developing appropriate
models/methodologies for stock assessment of selected
dominant species of sharks and rays should be undertaken;

j • effective management tools and fishing techniques should
be identified that could lead to the reduction of by-catch
from fisheries including endangered species of sharks and
rays; and

• collaboration among the 5EAFDEC Member Countries for
the improvement of data collection and stock assessment
especially at sub-regional or regional level should be
strengthened.

Specifically, the key issues and constraints on the conservation
of sharks and rays confronting the region included:
• Most sharks and rays on the continental shelf are

incidentally caught by bottom trawl fisheries, although
small numbers of small-scalefisheries also operate bottom
long line targeting stingrays. Moreover, most sharks and
rays in offshore/oceanic areas are also caught as by-catch
using pelagic long line and drift gillnet.

• Insufficient information onstock structure, abundance,
life history and reproductive rate of dominant/important
commercial species of sharks and rays both for marine and
freshwater areas.

• Current national statistical data collection does not record
landing ofsharks and rays by species, while catches from
outside the territory (EEZs) are also merged into the
national data.

• inadequate efforts on the assessment of the status of the
habitats of sharks and rays.

• Insufficient knowledge onspecies identification (limitations
in the identification of shark/ray species from the color of
fresh and preserved specimens), especially the look-alike
species of sharks and rays.

• Inadequate national policy, program and related activity to
support effective management of sharks and rays.

• Limited public awareness on sharing of data/information
among fishers, local communities, and other key
stakeholders to support of the fishery management
including management of sharks and rays.

• Inadequate understanding on fishing gears and their
practices, especially for the improvement of management
measures for sustainable utilization of sharks and rays.

• Limited investments and/or collaboration in research and

I management of sharks and rays.

areas/periods; and prohibition of the useof specific gears
in specific management areas. Moreover, it was also
recommended that information collection on sharks and

rays in the region should be improved and training on
shark species identification should be conducted, while the
need to set up routine or long-term information collection
on selected sharks and rays .species which arc commonly
found in the region was also raised.

Even though the Southeast Asian region has rich shark and
ray resources compared with the other parts of the world,
information on population status of sharks and rays and
their fisheries is still insufficient. The limited information
on catch, landings and trade as well as on the biology
of sharks and rays species in Southeast Asia requires
that information collection should be improved through
appropriate national and regional programs.

1.3.2 Tunas

Themajor tunaspeciescaught and landed in the Southeast
Asia through long line, purse seine, pole and line, hand
line,and other gears such as troll line and drift gill net, are
theyellowfin tuna, bigeyetuna, skipjack tuna and albacore
(SEAFDEC/TD. 2002; SEAFDEC/TD, 2004). Hand line is
the mostcommon fishing gear used specifically by small-
scale fishers using fishing vessels under 5 GT. Skipjack
comprises most of the tuna catch and its potential is
estimated to be still moderate which means that the stocks
could be exploited {See also details on Tuna Species in
3.1 (Part I) and 1.1.1 (Part II)).

An increasing production trend of tunas including neritic
and oceanic tunas since 1997 was observed in the Western
Central Pacific Ocean (WCPO) sub-area, whileproduction
is likely stable in the South China Sea (SCS) and Indian
Ocean (lO) sub-areas. Tuna catch landing in the three
sub-areas by major tuna species was approximately
550,000 MT/year, where the highest quantity landed was
represented by skipjack followed by bigeye and yellowfin
tunas. Among the four major tuna species caught in
Southeast Asia, skipjack tuna are caught mainly in the
WCPO sub-area. However, landingofskipjack tuna ofthe
region has decreased by approximately 150,000 MT from
1997 to 2007. In the lO sub-area, data on skipjack landing
shows likely stable level at approximately 50.000 MT/year.
Moreover, landing of yellowfin tuna seems likely stable
in SCS and lO sub-areas at the level of about 20,000 MT/
year, and an increase from 50,000 to 125,000 MT during
1997 to 2007 in the WCPO sub-area. For bigeye tuna,
landing data shows similar trend with that of yellowfin
tuna in the three sub-areas.

Based on statistics data tor Southeast Asia in 2009
(with data provided by Brunei Darussalam. Indonesia.
Malaysia, Philippines, Singapore, and Thailand), the
total tuna production of Southeast Asia in quantity was
approximately 1,640,000 MT. Indonesia as the leading
tuna producer provided 925,660 MT or56% of the region s
total tuna production, followed by the Philippines with
612,008 MT contributing 37%, Malaysia with 56,432
MT accounting forabout 3.5%. and Thailand with 47.490
MTprovidingabout 3% of the total productitm. The total
production volume of tuna species contributed 12"() to
the total marine fishery production of the Southeast Asian
region.
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laosensis and Himantwa kittipongi are also affected by the
pressure from fisheries activity and other human-induced
sources of habitat degradation.

Even though the number of sharks and rays species
recorded in Malaysia, Indonesia and Thailand is more
than 250 species, the status of its biomass is still unknown
(Ahmad and A.P.K.Lim, 2011). With new species
continuously discovered, the number could increase in
the future.

Specifically, deep water species are mostly unknown due
to limited research activity, while fishers from Indonesia
reported to have caught deep water sharks using long line.
The total number of sharks and rays in these countries is
about 23% of total number recorded in the world which is
now more than 1080 species ofwhich sharks account for
about 27 % and rays about 20% (Table 52).

The abundance of Chondrichthys fauna in the Southeast
Asian Region and it adjacent area is due to the region's
geographical location covering many seas such as South
China Sea, Gulf of Thailand, Sulu Sea, Philippine Sea,
Celebes Sea, Flores Sea, Makassar Strait, Karimata Strait,
Java Sea, Malacca Strait, Andaman Sea, Indian Ocean
and western part of Pacific Ocean. Moreover, the coastal
waters of many countries in the region also comprise a
rich ecosystem characterized by the existence of areas
with extensive coral reefs and seasonal up-welling, as
well as nutrient from land that are suitable for breeding,
spawning, nursing and growing of wide diversity offish
species including sharks and rays.

Diverse sharks and rays faunas occupy a variety of
habitats from freshwater river to oceanic realms beyond
the continental shelves. According to Compagno (2002)
and Last and Compagno (2002). the habitats occupied
by sharks and rays could be categorized into: marine
continental and insular shelves (from freshwaterlakesand
rivers to 200 m depth, the continental and insular slopes
below 200 m and extending to 2000 m depth, and oceanic
realm beyond the continental shelves and above the slopes
and ocean floor. Many species overlap two or more ofthese
categories of habitats which could be classified as shelf
to slope (SHS), slope to oceanic (SOC), shelfto oceanic
(SHO), shelf to semi-oceanic (SSO) and wide range of
habitats (WRH).Others habitatsare euryhaline ft-eshwater/
shelves (SHF) confined in oceanic (OCE), continental/
insular shelves (SHL) and continental/insular slopes
(SLO). Compagno and Cook (1995) placed freshwater
elasmobranch for those species confined in freshwater as
obligate freshwater (FWO).

The habitats preferred by species of sharks and rays
species in Malaysia, Indonesia and Thailand (Compagno.
2002; Last and Compagno. 2002) indicated that rays are
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Fig 33: Overatl habitat preferred (in percent) by species of
sharks and rays in Malaysia, Indonesia and Thailand

mostly adapted to a benthic life style and dominant in
continental/insular shelves (SHL). Only some species are
pelagic compared to sharks which are dominant in more
categories especially within continental/insular shelves
(SHL), shelfto slope (SHS) and continental/insular slopes
(SLO). In general a total of58 species ofsharks (45%) and
92 species of rays (75%) inhabit the continental/insular
shelves (SHL): 26 species ofsharks (20%) and 8 species of
rays (7%) in shelf to slope (SHS); and 20 species ofsharks
(16%) and 7 species of rays (6%) in continental/insular
slopes (SLO). The other categories such as freshwater
(FWO),wide range (WRH), slope to oceanic (SOC). shelf
to semi-oceanic (SSO) and oceanic (OCE) are inhabited
by only 1-5 species except for shelf to oceanic (SHO)
with8 species of sharksand rays respectively(Figure 33).

Various issues on sharks had been raised by the ASEAN
and SE.A.FDEC during the 13"' Meeting of the Fisheries
Consultative Group of the ASEAN-SEAFDEC Strategic
Partnershipin 2010, where SEAFDEC was asked to support
the Member Countries in coming up with information/
scientific evidence to supportthe development of regional
common position to address the global issues on sharks.
Specifically, the Meeting identified the priority areas that
should be undertaken by SEAFDEC, which included
the improvement of data collection on sharks at the
national level and the implementation of human resource
development activities on species identification of major
shark species in the region. Such issues and challenges in
conserving and managing shark and ray resources were
followed-up recently at the Special Meeting on Sharks
Infonnation Collection in Southeast Asia organized by

SEAFDEC in September 2011 in Thailand (Boxl).

During the Meeting, it was recognized that most of the
countries in this region have developed their respective
national management plans for sharks (NPOA-Sharks)
and are in the process of implementing such plans. The
major types of management measures related to sharks
and raysconservation include: establishment ot shark/ray
no-take zones in national Marine Parks or marine protected
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Issues, problems and concerns relevant to sharks collection
and utilization in the Southeast Asian region were identified,
including the inadequacies in stock assessment of sharks and
rays as well as insufficiencies in terms of knowledge and skills
in species identification especially for the look-alike species of
sharks and rays.

For effective management of sharks and rays in the Southeast
Asian region, the Meeting recommended that:
• appropriate methodologies should be developed including

the conduct of genetic studies for species identification of
dominant species based on dried fins and landed fins;

• R&D aimed at identifying and/or developing appropriate
models/methodologies for stock assessment of selected
dominant species of sharks and rays should be undertaken;

• effective management tools and fishing techniques should
be identified that could lead to the reduction of by-catch
from fisheries including endangered species of sharks and
rays; and

• collaboration among the SEAFDEC Member Countries for
the improvement of data collection and stock assessment
especially at sub-regional or regional level should be
strengthened.

Specifically, the key issues and constraints on the conservation
of sharks and rays confronting the region included:
• Most sharks and rays on the continental shelf are

incidentally caughtbybottom trawl fisheries, although
small numbers of small-scale fisheries also operate bottom
long line targetingstingrays. Moreover, mostsharks and
rays in offshore/oceanic areas are also caught as by-catch
using pelagic long line and driftgillnet.

• Insufficient information on stock structure, abundance,
life history and reproductive rate of dominant/important
commercial species ofsharks and rays both for marine and
freshwater areas.
Current national statisticaldata collection does not record
landing of sharks and rays by species, while catches from
outside the territory (EEZs) are also merged into the
national data.

• Inadequate efforts on the assessment of the status of the
habitats ofsharks and rays.
Insufficient knowledge on species identification (limitations
in the identification of shark/ray species from the color of
fresh and preserved specimens), especially the look-alike
species of sharks and rays.

• Inadequate national policy, program and related activity to
support effective management ofsharks and rays.

I • Limited public awareness on sharing ofdata/information
I among fishers, local communities, and other key
^ stakeholders to support of the fishery management

including management of sharks and rays.
, • Inadequate understanding on fishing gears and their

practices, especially for the improvement of management
measures for sustainable utilization of sharks and rays.

I • Limited investments and/or collaboration in research and

management of sharks and rays.

areas/periods; and prohibition of the use of specific gears
in specific management areas. Moreover, it was also
recommended that information collection on sharks and

rays in the region should be improved and training on
sharkspecies identification should be conducted, while the
need to set up routine or long-term information collection
on selected sharks and rays species which are commonly
found in the region was also raised.

Even though the Southeast Asian region has rich shark and
ray resourcescompared with the other parts of the world,
information on population status of sharks and rays and
their fisheries is still insufficient. The limited infomiation

on catch, landings and trade as well as on the biology
of sharks and rays species in Southeast Asia requires
that information collection should be improved through
appropriate national and regional programs.

1.3.2 Tiuias

Themajortunaspeciescaught and landed in the Southeast
Asia through long line, purse seine, pole and line, hand
line,and other gears such as troll line and drift gill net, are
theyellowfin tuna, bigeyetuna,skipjack luna and albacore
{SEAFDEC/TD, 2002; SEAFDEC/TD, 2004). Hand line is
the most common fishing gear usedspecifically by small-
scale fishers using fishing vessels under 5 GT. Skipjack
comprises most of the tuna catch and its potential is
estimated to be still moderate which means that the stocks
could be exploited (See also details on Tuna Species in
3.1 (Part I) and 1.1.1 (Part II)).

An increasing production trend of tunas including nciitic
and oceanic tunas since 1997 was observed in the Western
Central Pacific Ocean (WCPO) sub-area, while production
is likely stable in the South China Sea (SCS) and Indian
Ocean (10) sub-areas. Tuna catch landing in the three
sub-areas by major tuna species was approximately
550,000 MT/year. where the highest quantity landed was
represented by skipjack followed by bigeye and yellowfin
tunas. Among the four major tuna species caught in
Southeast Asia, skipjack tuna are caught mainly in the
WCPO sub-area. However, landing of skipjack tuna ofthe
region has decreased by approximately 150.000 MT from
1997 to2007. In the lO sub-area, data on skipjack landing
shows likely stable level atapproximately 50,000 MT/year.
Moreover, landing of yellowfin tuna seems likely stable
in SCS and lO sub-areas at the level of about 20.000 MT/
year, and an increase from 50,000 to 125,000 MTduring
1997 to 2007 in the WCPO sub-area. For bigeye tuna,
landing data shows similar trend with that of yellowfin
tuna in the three sub-areas.

Based on statistics data for Southeast Asia in 2009
(with data provided by Brunei Darussalam. Indonesia,
Malaysia, Philippines, Singapore, and Thailand), the
total tuna production of Southeast Asia in quantity was
approximately 1,640,000 MT. Indonesia as the leading
tuna producer provided 925,660 MT or56" «of theregion s
total tuna production, followed by the Philippines with
612,008 MT contributing 37%. Malaysia with 56,432
MT accounting for about 3.5%. andThailand with 47.490
MT providing about 3% of the total production. 7 he total
production volume of tuna species contributed l2"'o to
the total marine fishery production of the Southeast Asian
region.
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In the over all, the national data collection system is
constrained by limited number ofenumerators especially
in remote areas, inadequate understanding on the part of
fishers on the importance of collecting fishery data and
statistics, and large amount of time and effort needed to
compile the necessary fishery statistical data considering
the huge number of fishers spread all over the countries
{e.g. Indonesia has recorded more than 2 million fishers in
2009 with more than 600,000 fishing vessels). The major
challenges in tuna data collection are therefore hinged on
the number of fishing boats and landing size, and size of
the countries' management areas as well as the number
offishers to be managed coupled with inadequate capable
personnel in the field (Box 2).

In 2010, the tuna catch from the EEZ of the Philippine
waters was 574,836 MT, of which commercial tuna
fisheries accounted for about 65% while the remaining
35% was contributed by the country's municipal tuna
fisheries. The country's commercial tuna fisheries make
use of a variety of fishing gears that include purse seine,
ring net and hand line while the municipalfisheries employ
much larger variety ofgears with line gears accounting for
about 60% ofthe municipal catch. The major tuna species
caught are the yellowfin tuna, skipjack, eastern little tuna
or kawakawa, and frigate tuna {Auxis thazard). Earlier,
bigeye tuna (<60 cm) which is also caught had been
classified as small size yellowfin tuna. In 2005 however,
efforts were made to separately classify the catch of bigeye
from the yellowfin tuna. As a member of the WCPFC, the
Philippines submit tuna catch by species based on data
from the country's waters.

In the Southeast Asian region, the production of neritic
tuna has gained more economic importance because of
the high price oftuna offeredby tunacanneries especially
in Thailand. The tuna catch of Thailand from the Gulf of

Thailand and landed in Thailand comprises three major
species of neritic tuna such as frigate, little and long-tail
tunas that are mainly caught by tuna purse seine. The
catch data also indicates that the most abundant species
is long-tail tuna followed by kawakawa.

For the tuna catch from the Andaman Sea landed in

Thailand, the main tuna species mainly caught by light
luring purse seine are the frigate tuna, kawakawa, bullet,
and long-tail tunas, the most abundant of which is bullet
tuna followed by frigate and kawakawa. Consideringthat
Thailand is the main supplier ofcanned tuna in the world
market, the demand for tuna by canneries in Thailand
has been increasing and could have some impacts on the
country's tuna fisheries. It is therefore encouraged that
studies on tuna stocks should be urgently conducted to
identify the problems, concems and status oftuna fisheries
especially in the case of Thailand.

Box 2. Recommendations from the Special Meeting on
Improvement of Tuna Information and Data Collection in
Southeast Asia, Songkhla, Thailand, 7-9 September 2011

Aimed at improving the methods of collecting data and
information by identifying the gaps in the collection of
the data taking into consideration the importance of tuna
fisheries in the region especially to the small-scale fishers, the
Meeting identified four common issues and concerns in the
improvement of collecting tuna data and information:
• inadequate budget and human resources for data

collection;
• non-systematic coordination among data collecting/

reporting agencies, private sector and NGOs;
• insufficient efforts on tuna stock assessment in Southeast

Asia and database system still scanty; and
• national data collection system needs improvement for

the compilation of good quality data (e.g. from logbooks,
observer program, transshipment reports, tuna cannery
records, fishing grounds).

Specially noted on the major gaps and constraints in collecting
information on tuna catch data in Southeast Asia were:
• The difficulty of identifying the species of tunas especially

in landing sites, considering that most of the catches are
smallsizes including yellowfin and bigeye tuna. It was
therefore recommended that a special training should be
conducted on the identification of tuna species especially
the juvenile stages of the species, to be able to assess
the tuna stocks. As for the appropriate method of stock
assessment, it was suggested that existing models that
are now being used could be adapted but should take into
account the available validated data on total catch, fishing
effort, fishing grounds, oceanographicconditions, among
others.

• insufficient number of staff in terms of number and
capability for data collection, inadequate financial
resources to fund any tuna survey, and the absence of
appropriate and cost effective data collection systems.

SEAFDEC was therefore requested to undertake various
activities in response to the need of improving the collection of
tuna information and data, which include:
• consultation with countries on possible continuation of the

development of regional tuna fisheries database;
• improvement of the quality and timeliness of data through

capacity building programs, such as data collection onboard
tuna fishing vessels (e.g. logbooks, observers onboard),
from landing sites (catch unloading, species identification),
and from cannery (accuracy in species identification);

• conduct of study on reduction of juvenile tuna catch from
purse seine, pole and line, FADs, and by-catch in tuna
fisheries;

• translation of existing relevant information materials (e.g.
guidebooks, posters, brochures) issued by countries into
English language for dissemination to the other countries in
the region; and

• consultation with experts on stock assessment in order
to come up with appropriate plan of activity to support
the countries in the improvement of their respective
information collection systems.

J.3.3 Sea Turtles

Six of seven species of living sea turtles in the world
were confirmed to nest or inhabit the Southeast Asian

waters. These are the leatherback (Dermochelys coriacea).
green turtle (Chelonia mydas), olive ridley (Lepidochelys
olivacea), hawksbill (Eretmochelys imhricata), loggerhead
iCaretta caretta). and the flatback turtle (Nafafor
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depressus) which can be found only in eastern Indonesian
waters (Table 53). The flatback turtle is restricted to
Australian territories for nesting, but it forages within
Indonesian waters (Limpus, 2002), where green turtles are
the most dominant species in the Southeast Asian Region.

Sea turtles are important marine animals as traditional
living resources in the Asian region. For centuries, people
in this region have exploited this resource and some still
do until the present. Sea turtles have also been cheap
source of protein for poor people especially those living
in the coastal areas. During recent decades the demand for
its eggs, meat and carcasses had significantly increased
considering that sea turtles provide many products for
human consumption such as meat and eggs, as well as for
commercial purposes such as the carcasses (for souvenirs,
accessories) and oil (for traditional medicines), and as
important part in religious ceremonies in some countries
of this region.

In order to conserve, manage and exploit this resource
sustainably, countries in the Southeast Asian region
(except Lao PDR and Singapore) have established their
own national programs on the conservation, management
andenhancement ofseaturtles. These include enforcement
of gazetted laws and regulations, strengthening of
the enforcement agencies, establishment of sea turtle
sanctuaries, setting-up of hatcheries, conduct of national
and regional tagging programs, tracking of the migration
routes using satellite technology, implementation ofpublic
awareness activities through education and campaigns, and
conduct of relevant R&D activities.

It has been reported that each year thousands ofhatchling
turtles emerge from their nests in the shores of the
Southeast Asian countries (SEAFDEC/MFRDMD. 2004).
Sadly, only an estimated one in 1,000 to 10,000 will
survive to adult turtles. The natural obstacles confronting
the young and adult sea turtles are staggering but the
most increasing threats are caused by humans that drive
the turtle populations to extinction. Today, all sea turtles
found in Southeast Asian waters are federally listed as
threatened and endangered. The mostcommon issues that

cause the decline of sea turtle population include natural
threats and human-induced activities.

In nature, sea turtles face a host of life and death obstacles

during their survival. Predators such as raccoons, crabs
and ants raid eggs and hatchlings still in the nest. The
hatchlings emerging from nests form bite-sized meals for
birds, crabs and a host of predators in the ocean. Upon
reaching adulthood, sea turtles arc relatively immune to
predation except for occasional attacks by sharks. Such
natural threats are not the only reasons for the plummeting
sea turtle populations towards extinction. Human activities
have also been recognized as major threats contributing the
global declining population ofsea turtles. Human-induced
activities could include accidental catch by fisheries, illegal
trading of sea turtle shells, failure to control and collect
marine debris that causes ingestion and entanglement,
use of artificial lightings in nesting beaches, coastal
armoring, beach nourishment and dredging, pollution in
marine areas, insufficient education and public awareness
programs, inadequate skills on hatchery management, and
economic exploitation of turtles, as well as the impacts of
climate change.

Each year hundreds of thou.sands of adult and immature
sea turtles are accidentally captured in fisheries around
the world ranging from highly mechanized operations
to small-scale fisheries. Global estimates of the annual

capture, injury and mortality are overwhelming: about
150.000 turtles of all species killed in shrimp trawls,
more than 200,000 loggerheads and 50,000 leathcrbacks
captured, injured or killed by long lines, and large numbers
of all species drowned in gill nets. Although the extent of
gill net mortality is not really known, sea turtle capture
is significant in study areas while incidence of drowning
of sea turtles in gill nets could be comparable with that of
trawl and long line mortality. I lowcver, deaths in gill nets
arc particularly hard to quantify because the nets arc set
by uncounted numbers of local fishers in tropical waters
around the world. Other fisheries that accidentally take
turtles include dredges, trawls, pound nets, pot fisheries,
and hand lines.

Table 53, Sea Turtles which are confirmed to nest In Southeast Asian countries

Country

Brunei Darussalam

Cambodia

Indonesia

Malaysia

Myanmar

Philippines

Thailand

Vietnam

Source: Ahmad ei al. 2004

Leatherback

Turtles
Green Turtles Hawksbill Turtles Loggerhead Turtles Olive Ridley Turtles Flatback Turtles
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It has therefore become a challenge to ensure that fishers
develop new methodologies and gears to reduce turtle
by-catch which do not necessarily prevent them from
making a living. By modifying gears and techniques
to protect endangered sea turtles and other non-target
species, fishers can improve their efficiency and help in
safeguarding the marine ecosystems. For example, the
Turtle Excluder Devices (TEDs) had been designed to
releaseturtles trappedbeneath thesurface inshrimp trawls
as well as reduce the capture of unwanted fishes, shorten
sorting time on deck and minimize fuel consumption. In
addition, TEDs exclude logs and other debris, thus, help
in extending net use. In long line fleets, the use of large
circle hooks and fish as bait instead of squid reduces sea
turtle capture while improving swordfish catch.

Hawksbill turtles are recognized for their beautiful gold
and brown shells, and thus have been hunted for centuries
to create jewelry and other luxury souvenir items. As a
result, these turtles are now critically endangered and
scientists estimate that hawksbill population declined by
90 percent during the past 100 years.

To improve their suiwival, CITES has declared it illegal
to trade turtle shells, however, the demand for shells
continues until today in the black market contributing to
the continued declining populationof sea turtles. In many
countries, tourists continue to purchase products derived
from sea turtles thus, unwittingly support the intemational
trade of these endangered species because of inadequate
information on conservation of sea turtles. Presently
however, buying, selling or importingsea turtle products
have been strictly prohibited by law in many countries
around the world. Although the illegal trading ofsea turtle
products is primarily focused on the hawksbills, othersea
turtle speciesarealsokilled for their skin tobetransformed
into leather goods while some beauty products are also
known to contain sea turtle oil.

Reports claimedthat morethan 100 million marine animals
are killed each year due to ingestion of and entanglement
with marine debris especially plastic materials strewn by
humans, more than 80% of which comes from land and
washed into the waterways. The debris travels through
storm drains into streams and rivers or from landfills into

the seas. As a result, thousands of sea turtles accidentally
swallow these plastic materials which are usually
mistaken for food. Specifically, leatherbacks are unable
to distinguish between floatingJellyfish which is a main
component of their diet or floating plastic materials. The
most recognizable debris includes plastic bags, balloons,
bottles, degraded buoys, plastic packaging, and food
wrappers. Being small, most plastic materials are difficult
to see, in fact, some could be invisible to the naked eye.
If sea turtles inuest these particles, they become sick or

even starve and eventually die from ingestion. Moreover,
turtles are also affected to an unknown but potentially
significant degree of risk from entanglement in various
forms of marine debris such as discarded or lost fishing
gear including steel and monofilament lines, synthetic and
natural ropes, plastic onion sacks, and discarded plastic
netting materials.

Nestingturtlesdependon darkand quitebeachesto deposit
theireggssuccessfully. Turtles thesedaysareat riskand in
danger, in part,becausethey mustcompete with tourists,
businesses and coastal residents for the use of beaches.
Many man-made coastal development activities use a lot
of artificial lightings on beaches discouraging the female
sea turtles from nesting. As a result, turtles opt for less-
than-optimal nesting spots, which could affect the chances
ofproducing viable eggs. Inaddition, near-shore lightings
could make seaturtle hatchlings getting disoriented after
coming out from the eggs and wander towards the inland
areas where more often than not the hatchlings die of
dehydration, predation andbeing runoverbyvehicles on
busy coastal streets.

In many countries, nesting beaches of sea turtles
everywhere have been substantially altered byurbanization
and development. Coastal areas are considered prime real
estate properties for development and as a result, many
of the world s beaches have been heavily developed.
Moreover, coastal property owners build armoring
structures such as seawalls and rock revetments to help
protect their land and properties from erosion. In fact, most
goveming bodies often address problems on erosion by
constructing state-funded coastal armoring projects that
include theexcavation of inletsand construction ofjetties
along the coast altering the natural course of the sand.

Man-made structures in coastal areas also prevent sea
turtles from continuing theirinnate lifecyclesanddirectly
threaten theirexistence by reducing their suitable nesting
habitats and displacing turtles into less-than-optimal
nesting areas. Although annoring is intended to decrease
sand erosion and, therefore protect the beaches, studies
have suggested that areas protected by armoring are more
likely to create severe erosion by interrupting natural
sand shifts. This means that while property owners are
protecting their habitats using coastal stmctures, sea turtles
are losing theirs.

Beach nourishment consists of pumping, trucking or
otherwise depositing sand on beaches to replace what
has been lost to erosion. While beach nourishment is
often preferable to armoring, it can negatively impact the
habitats of sea turtles especially when the sand becomes
too compact for turtles to nest or in cases where the
imported sand is completely different from the original
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beach sediments, thereby potentially affecting nest-site
selection, digging behavior, incubation temperature, and
moisture contents of nests.

When re-nourishment takes place during the nesting
season, nests can also be buried far beneath the surface
or run over by heavy machinery. Dredging can also
cause direct threats to sea turtles and their nearshore

marine habitats. As recorded, hopper dredges have been
directly responsible for the incidental capture and death
of hundreds of sea turtles.

Pollution has serious impacts on both sea turtles and
their food, and as suggested in recent research studies,
a new disease now killing many sea turtles known as
fibropapillomas could be linked to pollution in the oceans
and in near-shorewaters. When pollutioncontaminatesand
kills aquatic plants and animals, italso destroys the feeding
habitats for sea turtles. Oil spills and urban runoffs such
as chemicals and fertilizers contribute to water pollution,
where an estimated 36% ofall marine pollution from oil
comes from cities through drains and rivers. Sea turtles
are affected by pollution in more ways than one. For
example, turtles do not have to directly ingest atar ball but
the small marine animals on the lower levels in the food
chain, like zooplanktons, absorb these chemicals which
are then accumulated in their bodies, making the toxins
much more concentrated than in the surrounding waters.
The zooplanktons are then consumed by larger animals
including sea turtles, and thus, the concentration levels
ofchemicals and pollutants would continue to increase.

Awareness building of the direct stakeholders such as
fishers, village folks, tourist operators, and chalet and hotel
operators is still insufficient. The inadequate knowledge
and awareness on the biology, conservation, protection
and other practices relevant to sea turtles have often lead
to certain negative attitude towards the plight of turtles,
indiscriminate manhandling of turtles and destmction of
their habitats. The stakeholders' inadequate knowledge in
biological sciences and improper handling of incubation
techniques for sea turtles could also cause low hatching
rates of incubated eggs and in some cases producing
unbalanced sex ratio of the hatchlings. The unbalance
sex ratio in turtle hatchlings attributes to the imbalance
proportion of adult male and female population of sea
turtles. As a result, more infertile eggs are produced by
turtle nesters during the nesting season which eventually
leads to the declining population ofsea Uirtles in the future.

Turtles are exploited for their eggs and meat. The persistent
practice of excessive egg harvesting contributes to the
dramatic decline in the nesting population ofall species.
During the past few decades, coastlines have been regarded
ascommon property. This implies that harvesting of turtle
eggs is open to all leading to unregulated harvesting of

Table 54. Estimated number of sea turtles recorded in the

Southeast Asian countries

Brunei Darussalam

Cambodia

Indonesia

Malaysia

53 (major sp.; Olive Ridley)

43 (major sp.; Green)

737 (major sp.; Green)

Peninsular Malaysia 1,272 (major sp.; Green)

• Sabah Sarawak 26,386 (major sp.; Green)

• Sarawak 7.668 (major sp.; Green)

Myanmar 643 (major sp.; Green)

Philippines 4,249 (major sp.; Green)
(Morong-Bataan,
Bagac-Bataan, and
Turtle Islands Wildlife
Sanctuary (TIWS)_)

Thailand 195 (majorsp.; Green)

Vietnam 3,370 (major sp.; Green)

Source: SEAFDEC/MFRDMD (unpublished report)

2005-2009

2007-2009

2007-2009

1999-2008

1999-2009

1999-2008

2001-2009

1999-2009

1994-2009

1998-2009

eggs or partially regulated with little restriction to haiwest
the eggs. To date, consumption and selling the turtle
eggs is still common in many Southeast Asian countries.
It is therefore necessary that turtle eggs harvested for
consumption and commercial purposes should be totally
banned in all Southeast Asian countries to ensure the

stability of the population of sea turtles in the future.
Furthermore, illegal poaching of sea turtles in their
foraging habitats is also major issue in the region. Evei^
year,severalcases ofsea turtle poaching had been reported
especially in sea turtle foraging habitats of Sabah and
Sarawak waters off Malaysia. Regional agreement and
cooperation are indeed substantially important in order
to address the turtle exploitation issuesand prevent turtle
eggs harvesting.

Since sea turtles use both marine and terrestrial habits
during their life cycles, the effects of climate change are
likely to have devastating impacts on these endangered
species. Climate change impacts on the sea turtle nesting
beacheswhich are their reproductive habitats. Sea turtles
easily recollect their nesting areas from memory which
"imprints with magnetic map" the sandy beach where
their eggs are deposited, giving them the unique ability
of returning to that same site decades later to repeat their
ancient nesting ritual. However, with melting polar ice
caps and rising sea levels, these beaches are beginning
to disappear. The direct impacts of sea level rise include
losing beaches, ecologically-productive wetlands and
barrier islands as well as increase in nesting beach
temperatures. Considering that the gender of sea tuilles
is determined by the temperature at which the eggs
incubate, increasing nest temperatures had been predicted
by scientists to have influenced the production of more
female than male hatchlings, creating a significant threat
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to genetic diversity.

Climate change which increases water temperatures also
changes ocean cuiTents that are critical to migrating turtles,
especially for hatchlings that are mostly transported by
Sargassum seaweeds traveling with the water cuixents.
Wanner ocean temperatures are also likely to negatively
impact on the food resources for sea turtles and virtually all
marine species. Coral reefs, which comprise the important
food source for sea turtles, are also in great danger from
the impacts of climate change.

SEAFDEC Initiatives in Conservation andManagement
ofSea Turtles

SEAFDEC has played important role in the conservation
and management of sea turtles in the Southeast Asian
region (Mohd Isa e( al.. 2008). The first regional program
on conservation of sea turtles in Southeast Asia was

started during the First ASEAN Symposium - Workshop
on Marine Turtle Conseiwation in Manila, Philippines in
1993. Thus, starting in 1996, SEAFDEC/MFRDMD and
SEAFDEC Training Department (TD) in collaboration
with the ASEAN Member Couniries conducted a series of

programs in addressing the need to consei-vc the region's
sea turtles species. Starting in 1998, more R&D programs
were also implemented with funding support from the
Japanese Trust Fund as shown in Appendix 1. From the
results of the studies, the number of sea turtles recorded in

the Southeast Asian countries had been estimated (Table
54), of which the green turtles have been recorded with
the most number of species.

Based on the results of research studies conducted by
SEAFDEC/MFRDMD in the Southeast Asian region, the
migratoi7 routes of and the genetically distinct breeding
stocks or management units of green turtles are shown in
Fig. 34 while the possible foraging habitats of sea turtles
are mapped and shown in Fig. 35.
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Figure 34. Migration routes of green turtles in the Southeast
Asian waters determined through satellite telemetry studies
(left) and location of 11 genetically distinct breeding stocks or
management units of green sea turtles in Southeast Asia (above)
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Figure 35. Possible foraging habitats of sea turtles in the
Southeast Asian waters based on results of satellite telemetry
studies

1.3.4 Sea Cucumbers

Sea cucumbers, especially those belonging to families
Holothuriidae and Stichopodidae, form important parts
of the multi-species invertebrate group, the products of
which support international market demands. Based on
the statistics ofsea cucumber production of the Southeast
Asian countries from 2000 to 2009, total production is
highly fluctuating and ranges from about 4,000 to 29,700
MT annually. While the total marine capture fishery
production of the region in 2009 was reported to be
14,1 million MT, about 0.033% of the total production
was provided by sea cucumbers (Table 55). Indonesia
and Philippines are the Southeast Asian countries that
reported considerable amount ofsea cucumber production,
however, only the total produetion figures were reported
withotit further classification to specieslevel(SEAFDEC.
2009). Some countries such as Malaysia. Myanmar.
Thailand, and Vietnam, are also known to have certain
levels of sea cucumber production, but their reports do
not reflect such production and are grouped instead under
the "invertebrate group" or "miscellaneous marine aquatic
group", probably because the volume of prodtiction is not
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Table 55. Production of sea cucumbers in some Southeast Asian countries (MT)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Brunei Darussalam 3 0.90 0.12

Cambodia 3

Indonesia 4,690 3,517 9,116 3,014 6,930 7,178 29.733 4,273 3,623.00 3,750

PhiUpplnes 965 979 1,006 761 851 777.00 934

Sources: FisheryStatistical Bulletin for the South China Sea Area (SEAFDEC. 2000-2009) and Fishery StatisticalBulletin of Southeast Asia {SEAFDEC2010)

Table 56. Destination countries and value (in US$) of sea
cucumber products exported from Indonesia, Philippines
and Thailand in 2007

Hong Kong

Singapore

Taiwan

Malaysia

USA

Vietnam

China

Japan

North Korea*

South Korea

497,682

256,367

30,000

274,872

13,831

288,085

2,976,398

642,446

10,132

73,450

87,651

1,015,263

2,494,676

548,122

1,627,500

548,122

819,800

561,439

Source: Fishery Statistical Bulletinof Southeast Asia (SEAFDEC. 2011)

much and collection of sea cucumber is by nature scattered
making data collection forstatistical purposes difficult to
undertake.

Asa result therefore, seacucumbers contributed verysmall
quantity to the total marine capture fishery production
of the region. While there could be weaknesses in data
collection of sea cucumber production in most of the
countries, the situation makes the understanding of the
production status and trends of the species difficult to
reckon with, particularly from official statistics figures
collected by the countries. Other sources of information
including research results and data collected through ad
hoc schemes should therefore be gathered and incorporated
in theover-all production in order toobtain a better picture
of the statusand trends of seacucumber production from
the Southeast Asian region.

In an attempt to address such concern, SEAFDEC in
collaboration with eight Southeast Asian countries,
namely: Brunei Darussalam, Cambodia, Indonesia,
Malaysia, Myanmar, Philippines, Thailand, and Vietnam
conducted the Regional Study on Sea C\icumber Fisheries,
Utilization and Trade in Southeast Asia in 2007-2008 by
collectingsecondarydata and infonnationavailable in the
respective countries. Results ofthe study showed that there
are approximately 135 species of sea cucumbers found in
the region (SEAFDEC, 2009).

Moreover, sea cucumbers arc generally harvested by local
fishers using simple or traditional methods that vaiy and
range from picking by hand during low tide, snorkeling at
the depth of up to 10 meters, punching by a metal spear as
well as using trawl nets (Labc ct. al., 2007). The species
are mostly utilized for local consumption while some are
exported to Hong Kong markets where fishers arc able to
obtain high market prices (Table 56).

The Regional Study also recognized that there is veiy
limited infonnation on sea cucumbers in tenns of statistical
records, inadequate information on research works, and
insufficient and/or limitedbiological data and knowledge
on species identification. Despite these constraints,
consideration is being given to this species group by
the Southeast Asian countries especially in view of the
declining and diminishing sea cucumber resources, and the
emerging global concerns that focused on the conservation
and management ofseacucumbers. In fact, such concerns
had become one of the most popular issues being
discussed in the international community, particularly at
the CoP-ClTES and several fora of FAG, and it has been
anticipated that the listing of sea cucumber species in
CITES Appendices could be brought up for discussion
during the forthcoming CoPl 6-ClTES in 2013. Therefote,
ithas become necessaiy for theSoulhctist Asian countries
to take a serious look into the issues and collect relevant
scientific/technical infonnation on economieally important
sea cucumber species, e.g. production, utilization, trade,
as well as the conservation and management measuies
that have been put in place, in order to come up with
a common position of the Southeast Asian countiics
demonstrating that sea cucumber fisheries of the region are
being undertaken in sustainable and responsible manner
(Labe e! a/., 2007).

1.3.5 Seahorses

Seahorses comprise the genus Hippocampus of family
Syngnathidae, consisting of 35 genera of pipefishes,
pipehorses and seadragons, and falling within the order
Gasterostciformes (Vincent, 1996). Currently. 47 seahorse
species have been identified in the world (l.ourie d a!..
1999 and 2004; CITES Species Database. 201 1)although
species identification still remains challenging with some
of the taxonomy unresolved (Koldewcy and Martin-Smith.
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2010). Seahorses occupy both temperate and tropical
coastal waters from about 50° North to 50° South, and are

usually found among corals, macro-algae, mangrove roots
and sea grasses, with some living in open sandy or muddy
bottoms (Lourie et a!., 2004). Among the 47 species, nine
species arc confinned to be distributed in the Southeast
Asian region with one species still not confirmed (Table
57). Twenty nine and 22 species are traded in the world
as live individuals and non-live individuals, respectively.
Culture technology has been developed for 18 species
where 13 species are being commercially cultured, one
species could be cultured but its commercial status is
unknown, and four species have been researched on, the
results of which have been published in various literatures
and jouniais (Koldewey and Martin-Smith. 2010).

Seahorses have vci-y unique characteristics such as male
pregnancy and faithful monogamy as well as lengthy
parental care. In addition, the peculiar body-shape and
swimming style arc also probably ascribed to the high
popularity of seahorses not only as aquarium species but
also as curio items. Moreover, the demand for sea horses

is high especially as ingredients for traditional Chinese
medicines (Vincent, 1996). The specialized life history
traits of seahorses including male pregnancy, lengthy
parental care, small size of brood, strict monogamy in
most species, low mobility, small home ranges, and sparse
distribution make seahorse populations very susceptible
particularly to anthropogenic disturbance (Koldewey and
Martin-Smith, 2010).

Utilization and Trade ofSeahorses

Direct exploitation, incidental catches by non-selective
fishing gear, and habitat loss and degradation have put
considerable pressures on seahorse population in many
regions of the world (Vincent and Koldewey, 2006).
Specifically, seahorses in the Indo-Pacific region may be
the most immediately at risk because of their proximity
to major markets for the traditional Chinese medicines
(Vincent, 1996). All species of the seahorse genus
Hippocampus are already listed in the Appendix 11 of
CITES in 2002, denoting the potential threats caused by
unregulated international trade of these species.

The number of seahorses exported (Fig. 36) largely
increased in 2003 for non-live commodities and in 2004
for live commodities. However, not all seahorses traded
originatefrom the wild. Captive-bred seahorses accounted
for 25-84% (mean 57%) of the total volume traded in
2004-2008 (Koldewey and Martin-Smith. 2010).

Seahorses are exported as live and non-live commodities
in the world and from Southeast Asia. From 1997 to 2009.

the average percentage ofseahorses traded from Southeast
Asia was 54% for live seahorses and 82% for non-live

seahorses. Since the number of the non-live seahorses

is extremely larger than those of the live seahorses, this
indicates that majority of seahorses traded in the world
could have originated from the Southeast Asian region.
During the recent years, Vietnam had been the largest
exporter of live seahorses while Thailand leads in the

Table 57. Seahorses Hippocampus spp. identified in Southeast Asia

CultureFAO Common Name Scientific Name Type Traded Techniques

Barbours seahorse H. barboun

Bargiban's seahorse H. bargibanti

Tiger-tai! seahorse H. comes

Denises pygmy seahorse H.denise

Seahorse
Spiny seahorse
Thorny seahorse

Great seahorse
Kellogs seahorse
Offshore seahorse

Black seahorse

Colored seahorse

Oceanic seahorse
Spotted seahorse
Yellow seahorse

Japanese seahorse

Hedgehog seahorse

Flat-faced seahorse
Long-nose seahorse
Low-crowned seahorse

Three-spot seahorse

H. histnx

H, kelloggi

H. kuda

H. mahnikei

H. sp/nos/ss/mus

H. trimaculatus

Distribution m Southeast Asia

Confirmed Suspected

ID, MY, PH

ID, PH

ID. MY, PH, SG, TH, VN

ID, MY PH

ID,MYPH,VN

ID, MY PH, TH, VN

KH,ID.MYPH,SG,TH,VN

KH, ID, MY MM,PH, SG,
TH,VN

KH,ID,MY,MM,PH,SG,
TH.VN

BI.MM.SG.TH

BI,MM,SG

Bi, MM

TH.VN

Note,' In the column of "Type Traded" L and N'denote 'live seahorse'and 'non-live seahorse "Cult Techechniques distinguished as follows: C=commerciai
operation (C)-unknown about the commercial availability, and R=research published only.' BI=Burunei Darussalam. ID=lndonesia. KH=Cambodia
MM=Myanmai My=Malaysia. PH^Philippines. SG=Syngapore, TH=Thailand. and VN=Vietnum.

Source,'Lour/e ef a/ 1999 and 2004 Koldeweyand Martin-Sinith 2010
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Figure 36. Export of seahorses from the Southeast Asian countries
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Figure 37. Percentages of seahorses (live and non-live) exported from Southeast Asian region by countries: BI=Brunei
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export of non-live seahorses (Fig. 37). The dotted lines
show the average valuesbetween 1997and 2009. The data
were obtained from CITES trade statistics derived from

the CITES Trade Database, UNEP World Conservation
Monitoring Centre, Cambridge, UK. To calculate the
individual number of live seahorses, the weight data shown
in the database were converted to individual numbers

using estimated body sizes by species as 80% of the
maximum height as established by Lourie el al. (2004)
and the average condition factor (CF=BW(g)/MH(cm)
xl02=0.371) obtained for Hippocampus harhouri, H.
comes and H. kuda broodstocks kept at the facilities
of SEAFDEC Aquaculture Department (AQD) in the
Philippines.

Culture Technologiesfor Seahorses

Commercial aquaculture ofseahorses has been repeatedly
considered as possible solution to replace thecollection of

48

wild-caught animals, provide economic opportunities for
fishers in developing countries and supply future increases
in global demand (Koldewey and Martin-Smith. 2010).
Commercial development and considerable expansion
of seahorse aquaculture occurred in the 1990s (Woods,
2000a; Woods 2000b).

Thereafter, a number of studies on culture technologies
have been published. SEAFDEC7AQD also initiated
seahorse breeding studies in 1996 and obtained certain
level of progress especially on the culture techniques
including findings such as year-round breeding in mating
pairs of IT. kuda. the relationship of parturition trequcncy
with seawater temperature and daylight period, tolerance
to various salinities, and effects of illumination on growth
in sea cages (Hilomen-Garcia el a I.. 200.3; ()kuzawa ct a/..
2008; Garcia and Hilomen-Garcia. 2009), Nevertheless,

considerable technical difficulties remain unresolved

especially in breeding and rearing of many seahorse



SRASOFIA: The Southeast Asian State of Fisheries and Aquaculture 2012

species because of difficulties in feeding and outbreak
of disease (Vincent and Kodlewey, 2006; Koldewey and
Martin-Smith, 2010).

More recently, however, AQD found that survival and
growth of newborn seahorses are significantly improved
in UV-treated water while mass mortality is effectively
prevented by treating food organisms in formalin
(Buen-Ursua et al., 2011). Such findings indicate that
using disease-free copepods collected from the wild
as feed through formalin treatment would advance the
development of cost-effective aquaculture for the mass
production ofseahorses in Southeast Asia. The goal is not
to promote new trade or increase existing trade in seahorses
as this might encourage the exploitation ofseahorses from
the wild (Buen-Ursua, personal communication cited by
Malaya Business Insight, 2011).

Other than the issues of vulnerability to diseases and
finding the correct diet in captive breeding, genetic
diversity and genetic purity ofnative species of restocked
seahorses, disease transmission to wild populations as well
as risk ofcommunity disruptions should be considered in
carrying out seahorse releasing programs (Vincent and
Koldewey, 2006; Buen-Ursua, personal communication
cited by Malaya Business Insight, 2011). The genes of
seahorses bred in one place mightnot be compatible with
native seahorses, raising the risk that mixing them could
compromise the genes of local seahorses. Stocks bred in
hatcheries whose genetic composition is incompatible with
the native population should not be released.

Thus, the characterization of the genetic makeup of
seahorses bred in hatcheries and those found in the wild is
very essential (Buen-Ursua, personal communication cited
by Malaya Business Insight, 2011). As regards disease
issues, thorough screening procedures are also necessary
in any program that transfers captive seahorses into the
wild (Vincent and Koldewey, 2006) as sudden influx of
new individuals into a small area could result in changes
in the social structure of the wild population which could
result in increased competition for food, shelter, and mates
(Vincent and Koldewey, 2006). Appropriate measures are
therefore very important to avoid such risks, which could
include development of tagging and/ormarking tecliniques
to monitor the release animals and to establish the impact
of the stocking practices (Vincent and Koldewey, 2006).

Future Perspectives and Recommendations

Global interest in aquaculture of seahorses and other
syngnathids has increased dramatically over the past
decade (Vincent and Koldewey, 2006). As predicted from
the global trade situation, the global resource level of
wild seahorses would continue to decrease particularly
in Southeast Asia. It is likely that the situation in the
future would worsen and wild stocks of seahorses would

encounter the risk ofextinction unless immediate actions

to stop overfishing and appropriately controlthe volume
of trade are implemented by the countries of origin and
trading countries. For example,catchof seahorses should
be limited to 10 cm or less in body height which is the
minimum size prescribed by the Animal Committee of
CITES (Foster and Vincent, 2004) while the export/
transport of live seahorses should be governed by
specific guidelines (Vincent and Koldewey,2006). Direct
exploitationas well as habitatlossanddegradation should
be avoided by establishing and strengthening domestic
legislations in order to protect seahorse populations in
many countries from over-exploitation (Vincent and
Koldewey, 2006).

Although culture of seahorses does not target the
traditional Chinese medicine (TCM) markets and has not
achieved commercial viability, production of cultured
seahorses tlirough development ofsustainable aquaculture
technology should be enhanced in order to protect the
wild stocks of seahorses. In addition, since the ratio of
wild-caught to cultured seahorses in the live aquarium
tradeis unknown (Vincent andKoldewey 2006), cultured
seahorses couldreplace thewild seahorses tosupply TCM
and tonic products, live aquarium fishes, and curio items
and souvenirs, thus, preventing further demands of wild
seahorses. As emphasized by Vincent and Koldewey
(2006), culture technologies for seahorses should be in
line with the aim of minimizing negative environmental
impacts and maximizing local socio-economic benefits,
and through the compliance with the precepts of the
Convention on Biological Diversity.

2. INLAND FISHERY RESOURCES

In 2009, the total fisheries production of the region was
reported to be 28,917,096 MT of which 2,397,273 MT
came from the inland fisheries sub-sector accounting
for approximately 8% of the total fishery production
(SEAFDEC,2011).Despitethe lowfiguresas reported, the
importance of inland fisheries could not be neglected due
to its contribution to food security and poverty alleviation
for peoples, particularly those from the low income
group whose livelihood is very much dependent on the
availability of natural resources. However, by the nature
of inland fisheries being small-scale, multi-species, multi-
gears, involving large number offishers which are mostly
part-time fishers, while the major parts of the fishery
production are meant for household consumption, all these
factors result in difficulties in the collection and accurate
reporting ofroutine inland fishery data and statistics. Thus,
the importance of inland fisheries is hence overlooked
by planners and policy makers, giving this sub-sector
low priority compared to the other development sectors
that share the same water resources. The result could
be manifold impacts to fishers and other fishery-related
activities in the region while the accumulated impacts

T'
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over time could be much greater than one can imagine,
particularly to those whose livelihoods are dependent on
inland fishery activities.

Adding to the above-mentioned situation is the deterioration
of natural inland fishery resources and habitats as well
as the declining catch caused by irresponsible fishing
operations, insufficient fishery management schemes,and
the impacts fromnon-fishery activities. As a matteroffact,
aquaculture practices havebeen introduced andpromoted
in several areas to increase fish production from inland
waters. However, such introduction should be properly
managed otherwise itcould lead tonegative impacts tothe
ecosystemsand inlandnatural resources. In most cases, the
beneficiaries from aquaculture operations may not only be
those who lose their benefits from inland capture fisheries
in terms offood security and livelihood. The promotion of
aquaculture activities that aim to substitute inland capture
production therefore undermines theculture value of fish
eating traditions and other traditional knowledge which
had been passed from generations to generations, and thus,
the importance ofinland fisheries should be recognized by
the present and future planners and policy makers (Mohd
Isa et ai, 2011).

2.1 Status, Issues and Concerns

2,L1 Inland Fisheriesfor Food Security and
Poverty Alleviation

The inland fishery sector is known to significantly
con n ute to food supplies and healthy diets of millions
0 peop e a over the world. Production from inland
s enes is particularly important for poverty alleviation,
00 security and enhanced nutritional well-being of

many peop e in rural communities, particularly in the

Hpfiri?countries as well as in the low-income food-
Asian region, fish contributes to

human Zs^FAO°'\o03?V"'™'1 , ' 1" certain parts of the region,for example mthe Lower Mekong Basin, the Importance
0 man s ery products such as fish and other aquatic
anima s, e.g. snails, mollusks, shrimps, crabs, snakes,
and other reptiles as well as water birds. Is even more
prominent.

The average basln-wlde consumption of fish and other

r''"h kg/caplta/yr (Hortle andBus ,2003), while in high-ylelding fishing areas such as
erura communities ofthe floodplalns around the Great

"u ^i, '̂' ^fishconsumption could evenbe higher. Moreover, Inland fisheries also provide direct
employment to rural populations in terms of production
and indiiect employment through processing and trading
of fishery products. More importantly, inland fisheries
also provide significant opportunities for the integration

)

of fishery operations into rural farming livelihoods, offer
buffer against shortfalls in agricultural production, and
make available alternative sources of food and income.

2.L2 Data/Information Collection on Inland
Fisheries

One important reason why the importance of inland
fisheries is being undermined by non-fishery sectors,
planners and policy makers is the lack of reliable data
and information on inland fishery production. In view
of its very nature, inland fisheries are usually not well-
monitored, under-estimated and under-presented in many
reports and statistics. Since major parts of the production
are intended for household consumption, reliable
statistics could not be systematically gathered using
the conventional statistical collection methodologies.
The discrepancy between officially reported catches
where available and the estimates based on independent
scientifically-based surveys focusing on collection of
actual data, seems to suggest that the total reported
production from inland waters isusually under-estimated
by at least 2.5 to 3.6 times (Coates, 2002). This also
suggests that the contribution of inland fishes to the total
fish supplies is significantly higher than the volume that
is estimated and reported.

Considering the complexity of inland fisheries and the
difficulties in obtaining reliable statistics on inland
fisheries, alternative methodologies such as indicator or
sampling survey or fish consumption survey could be
undertaken to come up with information that reflects the
importance and role of inland fishery production in the
countries' economies. Moreover, such approach could
also provide the necessary conversion factors which when
combined with routine fishery statistics or information
from national census would generate more accurate
information on inland fishery production of the region.
In addition, local and indigenous knowledge on inland
fisheries especially those associated with the abundance
and distribution of species, fishing gears and methods,
fish preservation and processing techniques could also
be important source of information, and thus, should be
gathered to support the sustainable management of the
region's inland fisheries.

The need to improve the national statistical systems and
capacity to collectdata and information on inland fishery
statistics is therefore well recognized. Therefore, under
thecurrent circumstance, it isnecessaiy thatdata collected
using the existing fishery statistical systems andoutcomes
from the currently available research studies should be
synthesized and packaged, after which such information
should be presented to policy makers and planners to
raise their awareness and enable them to have better
understanding on the importance of inland fisheries in the
food security of the region.
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2.1.3 Impacts of Water Barrier Construction on
Inland Fisheries

One of the development projects that could generate
significant impacts to inland ecosystems and fishery
activities is the construction ofwater barriers such as dams,
weirs, barrages, among others. In the Southeast Asian
region, a number ofdams and barriers had been constructed
for the main purpose of providing continuous supply of
water for irrigation, hydro-power electricity generation,
domestic use, and flood control. The construction and
operation of mainstream dams and other water barriers
obstruct upstream and downstream migration of fishes,
often resulting in the diminishing, disappearance or even
extinction ofmany riverine fish species. The operation of
dams also results in drastic changes of the hydrological
patterns of streams, creating negative impacts to the
natural population of migratoiy aquatic species as the
release of water from damsdoes not usually consider the
biological needs of aquatic organisms, butby thedemand
for hydroelectric power.

The operation of dams also reduces water flow during
natural flood periods andincreases flow during dryperiods,
resulting in changes of seasonal flood and continuity of
the river and habitat systems. As the connection between
rivers andfloodplains or backwater habitats isessential in
the life history ofmany riverine fishes that take advantage
of seasonal floods and utilize the inundated areas for
spawning and feeding, the loss or failure ofsuch connection
can impact on the species biodiversity which could even
lead to extinction ofcertain species. In addition to changes
of water flow patterns, the construction and operation of
large hydro-power electricity dams could also impact on
the physical characteristics of the water such as drop of
upstream water temperature and dissolved oxygen, water
stratification, sedimentation, accumulation oforganic and
inorganic substances including toxic substances. When
upstream water is discharged, the impacts from such
physical phenomena could alsoaffect theliving organisms
in the long distance downstream waters.

Therefore, in order to mitigate the impacts from large
dams, careful consideration should begiven inthedesign
and operation of dams. For example, extracting water
fromdepths where water quality parameters suchas water
temperature and oxygen concentration of the discharged
water are similar to those in the downstream of the dams.

Moreover, the operation of dams and discharge of water
should be synchronized with the biological rhythms
and requirements of the aquatic species inhabiting the
dams. This would require close coordination among the
concerned agencies especially those involved inelectricity
generation, imgation, and fisheries, while the constmction
of special and supplemental 'balancing reservoirs'
or 'water regulating dams' could help in preventing

extreme pulse discharges, maintaining the water flow at
ecologically acceptable level. In addition, the development
of several models of fish passes should be explored and
initiated in order to facilitate the migration of aquatic
species through various water barriers. Nevertheless, the
effectiveness offish passes which could be influenced by
several factors including the dam's height, fish pass design,
entrance location, water flow as well as other biological
aspects of the aquatic species such as fish size, swimming
abilities, migratory behavior, and population size, should
be appropriately consideredindesigning andoperating fish
passes to ensure its effectiveness in mitigating the impacts
from dams to the natural populationsof aquaticorganisms.

2.1.4 Inland Fisheries vs. Aquaculture

The deteriorationofinlandfishery habitats asaconsequence
ofthe aforementioned concems results in the decline ofthe

inlandfishery resources, despite theseemingly increasing
inland capture fishery production asclaimed and reported
by most of the countries in the Southeast Asian region.
Nevertheless, as an attempt to increase fish supply from
inland areas, aquaculture offreshwater aquatic species has
been promoted and widely practiced in manycountries.

The major cultured freshwater fish species that contribute
to the total fishery production in the region include
Pangasius spp., Oreochromis spp., Labeo rohita, and
C/arias spp. Although aquaculture practices could
contribute to the increase in inland fishery production, it
could also generate impacts to inland fishery resources
including the nutrient and chemical loads that cause
eutrophication or mortality of aquatic animals in natural
water bodies. Meanwhile, the collection of wild seeds
foraquaculture purposes could impact the natural fishery
resourcesand the introduction of non-indigenous species
could lead to changes in species diversify and genetic
diversity of certain areas. Moreover, the use of trash fish
or fishmeal-baseddiets for aquaculturecompetes with the
use of low-value fish for human consumption. Therefore,
it has become imperative that these issues and concems
should be taken into consideration in the development and
promotion of inland aquaculture.

2.2 Challenges and Future Direction

In several regional consultation processes, one of
the priority areas raised that need special attention is
maintaining the connectivity of the habitats in order
to ensure the sustainability of inland fisheries. The
constmction of water alteration stmctures such as weirs,
dams, roads, could create barriers to upstream and
downstream migration of aquatic species, resulting in
possible diminishing, disappearance oreven extinction ot
species that migrate in upstream and downstream waters.
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It is therefore important to conduct studies that aim to
investigate and mitigate the impacts of water barrier
construction and operation to the population of important
aquatic species in the ecosystems. Conservation and
improvement of habitats favorable for the aquatic
species such as establishment of fish conservation
areas or fishery refugia, artificial habitat improvement,
deployment of materials and shelters to create nursery
and feeding grounds for juvenile and broodstock, could
also be undertaken to enhance the populations of various
aquatic species. In addition to habitat conservation and
rehabilitation, stock enhancement activities could be
practiced to improve fish yield particularly for areas where
the fishery resources had deteriorated and fallen below the
ecosystems' carrying capacity. In an ideal case, stocking
should consider the use of indigenous species or low
trophic species, with seeds produced specifically for the
purpose of stock enhancement.

In using seeds produced from aquaculture for stock
enhancement, caution should be made as this approach
could create negative impacts on the biodiversity of
the ecosystem. Specifically in closed ecosystems such
as lakes and reservoirs, the impacts from stocking of
hatchery-bred seeds are localized and thus, may not be
very substantial. However, the release of hatchery-bred
seeds into natural open habitats could result inirreversible
damage to the broad ecosystems, which could include
loss of biodiversity where exotic species could dominate
over the native species or loss of genetic diversity of the
species. In general, releasing hatchery-bred seeds should
be undertaken in aprecautionary manner. Since the nature
of inland fisheries and ecosystems are very diverse and
could be different from place to place, different approaches
should be considered in coming up with appropriate
conservation and management measures for particular
areas, taking into account the resources as well as the
relevant social and economic dimensions. In addition,
appropriate indicators should also be identified and used
to evaluate the success ofstock release and enhancement
programs.

Furthermore, considering the wide-range ofstakeholders
in the fishery and non-fishery sectors involved in the
utilization ofinland fishery resources and the ecosystems,
integrated water resources management approach as
well as enhanced coordination and communication
among the various agencies sharing the same water
resources should be promoted. This could prevent if
not minimize the impacts of one to the other sector,
while the importance of inland fisheries should be made
known and publicized particularly for policy makers and
relevant management authorities in order to appropriately
mainstream the requirements of inland fisheries into the
overall development plan of thecountries. Data collection
nn inland fisheries should be enhanced in order to

appropriately value the inland aquatic resources. Routine
and non-routine data and information as well as data
collected through non-conventional methods such as fish
consumption survey, and local knowledge should also be
fully utilized for this purpose.

Responsible fishing technologies and practices should
also be promoted, with due consideration given to the
sustainable utilization of the resources especially the
highly abundant but short life-cycle species, and top
predator species. To effectively harvest these species
without creating impacts to the othernon-targetedspecies,
selective fishing gearsand practices should be developed
and investigated as to their effectiveness and efficiency.
In this regard, consideration must be given to relevant
ecological and biological parameters, and traditional
knowledge of local fishers in harvesting and utilization
of the species. In order to reduce pressure to the inland
fishery resources and enhance the livelihoods of fishers
and the fishing communities, alternative fishery-related
livelihoods could also be introduced such as production
of value-added products from the catch, promotion of
eco-tourism and recreational fishing, and aquaculture
including rice-fish culture.

In addition, participatory approach should be considered
and promoted for the effective management of inland
fisheries. This could include the concepts of co-
management, community-based fisheries management,
and rights-based fisheries as appropriate as well as
the Ecosystem Approach to Fisheries (EAF). Where
appropriate, such schemes as granting of fishing rights,
application offishery licensing and registration, could also
be promoted to replace open access with limited access to
fisheries to ensure the effectiveness of the management
measures.

Activities that aim to enhance the awareness of fishers
and other resource users of the inland water ecosystems
should also be undertaken, focusing on the need to
conserve and manage the resources, adopt responsible
practices. Moreover, efforts should be exerted to enhance
the involvement and participation offishers in community
activities related to the resource eonservation and
management as well as in MCS activities, and ensure
the long-term sustainable utilization of the inland fishery
resources.

3. UTILIZATION OF FISHERY RESOURCES

Fishing activities, fish utilization and post-harvest
technology in the Southeast Asian region are extremely
varied. While fishing activities could range trom
commercial to small-scale and from marine to inland
waters, and using modern and traditional capture
techniques, fish utilization and post-harvest technology
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depend much on the capability of a certain country, its
development and on how and where the fish species are
caught and processed. For marine capture fisheries in the
region, most ofthe fish caught is landed, and for most part,
discards are negligible. This pattern of catch retention is
different from other areas of the world which could be

due to technological changes as well as economic and
marketing pressures particular to the Southeast Asian
region. High value fish is well looked after in this region
but low-value fish is not. Although all the fish landed is
utilized but some volumes of low-value fish catch may
contain juvenile fish of high-value species. In addition,
some high-value fishes could be reduced to low-value
fishes because of poor handling onboard the fishing
vessels.

Significant improvements in post-harvest technology of
fish as food have taken place over the past decades, which
is notable in major fish producing and exporting countries.
Improved facilities include cold storages and ice plants as
well as infrastructures for fish handling distribution and
marketing, and techniques for improved fish handling
onboard to maintain the quality of the catch while at sea.
Modem fish processing factories have been established in
manycountries mainly for processinghigh-valueand high-
qualityfish and cmstaceans including tunaandshrimps as
frozen, filleted or canned products, with increasing volume
destined forexport.Concumently, manynewfish products
have been developed mainly for export although certain
quantities are available in local supemiarkets in urban
centers such as fish balls, fish cakes, imitation crab sticks,
breaded squid rings, breaded fish or shrimp, fish crackers,
and other products (Goh and Yeap, 2007; Goh et al., 2008).

In the last two decades, the utilization and processing of
fish products have significantly diversified, particularly
into high-value fresh and processed products, fuelled by
thechanging consumer tastes andadvances intechnology,
packaging, logistics and transport. Improved processing
technology generates higher yields and results in a more
lucrative products derived from the available raw materials
from fish for human consumption. Nonetheless, some of
these developments have also been driven by the demand
in domestic retail industry or by a shift in cultured species.
Improved processing technologies are also important in the
utilization of fish wastes generated by the fish-processing
industry.

Mostof these improvements have revolved around high-
value or "luxury" fish and an industrialized fishery or
larger aquaculture enterprises, and account for a small
portion of fish used for food in the region. Food fish,
especially in rural areas, may come from small-scale
fisheries, aquaculture and inland fisheries. In the Southeast
Asian region, over 5()"'(» offish is consumed fresh and/or
processed into high-value products, 8% to 65% (mostly

between 30 and 45%) are converted into traditional
products, and anothervaryingpercentage isusedfordirect
feeds for livestock or high-value species aquaculture or
indirect feeds by converting fish to fishmeal or fish oil.
These traditional labor-intensive fish-processingmethods
provide livelihood support to large numbers ofpeople in
coastal or inland water areas in many developing countries.
For this reason, such methods are structured to promote
rural development and poverty alleviationand are likelyto
continue to be important components in rural economies
(Kato, 2009).

Improvements in processing, packaging, anddistribution
have facilitated the movementof fishproducts fromlocal
consumption to intemational markets (Yeap and Chung,
2011). The role of fish trade varies among the countries
and represents a significant source of foreign currency
earnings, in addition to the sectors' role in employment,
income generation and food security. However, it has
become imperative forthecountries toaddress the issues
related to the requirements of consumers and importing
countries in trading of fish and fishery products, which
are getting more and more stringent. In the last decades,
changes in global dietary patterns had become very
notable with a shift towards more protein. This isbrought
about by rising living standards, population growth, rapid
urbanization, increased trade andtransformations infood
distribution. People in urban areas tend to eat out more
frequently, and large quantities of fast and convenient
foods are purchased. Supermarkets are also emerging as
majorforce, particularly in developing countries offering
consumers a wide choice of safe food with reduced
seasonal fluctuation and availability. Supermarkets are
not only targeting the higher-income consumers but also
lower- and middle-income clients. There is also a greater

focus on marketing with producers and retailers attempting
to anticipate market expectations in terms ofquality, safety
standards, variety, and value addition, especially for the
more affluent markets. It is in this aspect that consumers
increasingly require high standards of food freshness,
diversity, convenience and safety, including quality
assurances such as traceability, packaging requirements
and processing controls.

3.1 Status, Issues and Concerns

3.1.1 Onboard Post-harvest Technologies

Poor handling of catch onboard fishing vessels results
in poor quality raw materials, particularly for low-value
fishes. Currently, there are new requirements tor exporting
fish and fishery products that need to be complied with,
particularly to the EU such as the requirements for
traceability of the products to ensure that fishes are not
caught by lUU fishing, as well as ftilfill the requirements for
food/fish safety. In addition, it has also become impeiative
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for countries to address the issue ofby-catch management
and reduction ofdiscards. As noted earlier, most fish caught
are utilized in the region but unfortunately,many fisheries
in the region also capture ecologically important species
and juveniles of economically valuable species. Many
studies have been conducted to minimize post-harvest
losses but issues other than the actual quantity of catch
should also beconsidered asequally important, especially
the socio-economic impacts ofutilizing by-catch instead
of decreasing its capture. Furthermore, the quality and
utilization of the catch should be improved, especially
the small fishes caught by trawl that turn into mush when
landed and which could only be useful as aquafeeds, and
small fishes caught by gillnet, by converting such small
fishes into high-value traditional products.

In fact, due to supply pressure and the expansion of
aquaculture, low-value fishes although giving low
economic returns per fish could provide higher returns
per volume landed, since low-value fish has a ready
market in aquaculture areas and can be sold easily in
many localities at higher prices. As reported, the money
erived from low-value fishes is one of the main reasons

why many fishing vessels continue to be economically
remain stable in the fishing industry. Even if

e s ery catch comes from short-lived highly productive
species such fisheries could still be sustainable, except
w en t e catches contain large amount of juveniles of

onomically important species. However, given the

envisa^^ ^^ring uses of low-value fish, it is difficult to
ont/^^^^ appropriate management system that couldmize t eutilization oflow-value fish supply for human

nsurnption and livestock/aquaculture uses without
vmg ue consideration to the catch ofjuvenile fish.

Nonetheless, considerable amount of fish that could be
£ 1 higher value fish are landed as lower value

reported ^^i^dling on-board fishing vessels. As
20-60"/ f" '̂ '̂̂ ^rn, such volume could come to about
onhnn H ^ffshore trawlers because of poor storage
and H^^^ssels. It is obvious that with high demand
fish ^conomic gain from low-value fish, manyers cou dforgo the importance ofand need for careful

ing and chilling onboard fishing vessels.

pr(Sucts\^°^^*^ theoretically possible to improve the
infract ' shilling equipment and necessaiy onshore
vessel^f small-scale and artisanal fishing
markets, high-value urban or export
hitjh ni 1h ' always easy for the vessels to landa ity products for the human consumption market
wi lou improving the infrastructures and such approach
wou entai substantial costs. However, with proper
lan ing on-board fishing vessels, landing and supply

of quality fish to local markets would still be possible,
especially where fishing grounds are close to ports. On

the other hand, industrial vessels with better-trained crew

and proper equipment on-board should be better in terms
of ensuring high quality catch, but the economic gains
of doing so must outweigh the gains of landing fish on
low-value markets. As long as the low-value fish market
is vibrant, fishers will not exert much effort to improve
the overall quality of their landed catch. Thus, as far as
the quality of low-value fish destined for reduction is
concemed, the very low quality of raw materials would
result in low quality of the fishmeal produced.

3.1.2 Onshore Post-harvest Technologies

Advanced post-harvest technologies have always existed
in many places and countries, particularly for export
oriented productsand products destined for urban markets.
Nevertheless, for small-scale fisheries, trading in inland
fish and fishery products has always been constrained
by lack of infrastructures especially in terms of hygienic
landing centers, roads, electric power supply, and
potable water aswell as facilities needed to establish and
operate cold chains including iceplants, cold rooms, and
refrigerated trucks, that often results in high post-harvest
losses, especially in the aspect of quality.

Small-scale fisheries contribute more than one-halfof the
world's marine and inland fish catch, and nearly all of this
is used for direct human consumption. This sub-sector
employs more than 90%of theworld's fishers and supports
about 3 times the number of fishers in jobs associated
with fish processing, distribution and marketing, and
almost one-half of such workers are women. Moreover,
on the average, each jobholder provides three dcpendant-
or family member-ancillary workers. FAO studies have
indicated that fish landed for food provides 1.5 man-
years/MT of landed weight. Nonetheless, in spite of
the contributions of fisheries to the economy, poverty
remains widespread for millions offishing people, thus the
reasons which arecomplex mustbe tackled in many fronts
including strengthening the capacity of those working in
various jobs related to post-harvest and marketing.

Inland fisheries could be special case because being
extremely small-scale, inland fisheries are usually very
individual labor intensive providing small incomes.
However, due to the large numbers of people involved,
this sub-sector provides significant contribution to loiral
food security and income generation, and diverse set of
livelihood benefits related to food security and poverty
alleviation especially tothepoorest households in themral
sector. Inland fishery activities employ labor-intensive
harvesting, processing and distribution technologies
conducted full-time or part-time, mostly supplying fish
and fishery products to local and domestic markets as
well as for subsistence home consumption. It has been
recorded that there are more people involved in inland
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fisheries than marine fisheries, ofwhich more than 50% are
women. Since inland fishers catch less fish per individual
than the marine fishers, inland fishery sector is therefore
a predominantly component of a mixed livelihoods
strategy. As a result, most of the catch goes for domestic
consumption and most of the processing is done in small-
scale or medium-scale units, where handling and hygienic
practices are often inadequate. Owing to the remoteness
and isolated nature of many inland fishing communities
and the high abundance of fish on a seasonal basis, large
amounts of fish from inland capture are cured, and in the
Southeast Asian region, a significant portion of the catch
frominland fisheries goes into fishery productssuchasfish
sauce and fish paste. In many cases however, food safety
issues become a serious concern because the presence of
parasites in raw or slightly fermented fish or fish products,
or in products that have been improperly frozen, put the
well-being of the consumers at risk.

The stakeholders should therefore be made well aware that
live parasites couldrarely stayalive inwell-femiented fish,
and parasites donot usually survive when fish are properly
frozen. Addressing the above deficiencies requires
more capacity building and training in good hygienic
practices, focusing more efforts on research work such
as for example in systematic loss assessment to develop
sustainable loss-reduction strategies, and aspects related
to live fish handling, and improved processing including
value addition. Many of the aforementioned facts also
apply to marine small-scale fisheries, particularly in
countries that comprise large numbers of islands. Even
if there are commercial and industrial inland and marine
fisheries as wellas modemsmall-scale fisheries, these sub-
sectors should be made economically efficient especially
in providing high-value products, that are meant for
international markets. Such scheme would often require
specialized catchpreservation anddistribution, and access
to markets.

In all aspects therefore, the promotion of value-added
technologies and improved traditional products should
be intensified to foster demand, obtain higher economic
returns and more fish and fishery products for human
consumption, which could also include new non-
traditional products. It isalso imperative toboost improved
packaging or marketing of traditional products toenable
such fishery products to gain access to high-end retail
outlets and export markets. A number of activities needs
be done to alleviate the situation, including the need to
encourage governments through their respective national
development activities to improve fishery infrastructures
where appropriate. There is also the need to develop
guidelines for infrastructure requirements of small-scale
fisheries especially in landingareas.Overall, efforts of the
governments should give more focus on the development

of guidelines for handling live fish, conduct of baseline
studies on post-harvest losses, continued work on the
development of value-added products particularly for
low-value fish using low-cost methods as appropriate,
investigating the quality and safety of freshwater fish,
conduct of training programs on post-harvest technology
which could be used by extension workers, and conduct
of training for both govemment and industry officers
and workers on critical aspects of handling, processing,
distribution and marketing in the fish supply chain, and
provision of cold chain at all levels.

3.1.3 Utilization ofNew Fishery Resources and
Waste Products

Post-harvest technological development has changed
the utilization pattems practiced in the past especially
during the surimi era, where new products which are
equally important for food security in the future could
now be developed. However, effortsare still necessary on
waste reduction and recovery, taking into consideration
the environmental impact of fish waste products. R&D
activities could emphasize on the aspects of increasing
by-product utilization forhuman consumption, alternative
use of waste products for bio-fuels, utilization of
wastewater from production sources including from on
board facilities, andpharmacological use ofby-products.
Moreover, increased utilization ofunder-utilized species,
by-products, and recovery of wastes processing plants
should also be explored through continued research
on optimum utilization of under-utilized species.
Furthermore, studies on waste reduction and recovery,
and environmental impact offish waste products, and on
by-product utilization, should be pursued.

3.1.4 Traditional Products and Post-harvest
Technologies

Traditional fish processing is part ofa"dual economy' in
which traditional small-scale activities co-exist with the
modem industrialized sub-sector. Traditional industry is
characterized by theapplication of low-level technology,
producing relatively poor quality and low-value products.
Modem processing which includes proper icing offish and
post-harvest handling had been developed in response to
the growing export market and rising living standards,
especially in urban communities and markets, with the
technology which generally caters to the demand ot
importing countries. Generally, traditional processes
require minimal investments but products turned-ovei
should meet mostof the domestic food needs. Hence, the
poor sector ofsociety usually undertakes these activities,
many of which are women. Value adding in this aspect
tends to be very small and such products are usually
inexpensive but are unable to enterworld markets.
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Nevertheless, traditional products that are ofgood quality
would be able to access the urban and international
markets, andcommand veryhighprices. Amongthe major
problems in traditional products include poorqualityand
limited supply ofraw materials because of the increasing
competition for alternative use of raw materials. The
other problems are poor infrastructure and insufficient
knowledge inprocessing and preservation technologies, as
well inpackaging the products and the high costs involved
in packaging. However, the biggest problem could be
the large numbers oftraditional processors that makes it
difficult to deal with all of them onan individual basis.
For example, Indonesia alone tums over 6.4 million MT/
year of fishery products and exports 0.86 million MT/
year (mostly shrimp, tuna, and seaweeds), through some
422 export processing plants. Another 59,345 registered
traditional processing units take care of the rest of the
capturefisheryproducts.

In some countries, fish processing centers or zones
ave een established to facilitate the acquisition ofthe

necessary equipment, and to ensure that human resource
eve opment would be in place for packaging and other

aspects in processing. In order to improve the
^ ° ogica problems related to traditional products,
intencifi^^ ^^®rsification of raw materials should be
that can ° the different types ofraw materials
as on difFp^ traditional products as well
products Th^ generate improved' traditional
coonernti/x ^ enhance community
indieenon<r-*^ raw materials and endemic or
processins^ri1!!^u"^®* Training programs on handling,
productsatalli 1 marketing of traditional
methods ofred t>e conducted. The appropriate
includino '̂̂ mg insect infestations should be explored
non-food gradTad '̂'-^^^^^^^®^ insecticides, and the use of
of tradition^ '''̂ ^^^^s/preservatives. The development
using low-cost products particularly
improvement of the°effi'̂ °"''' ''r
and facilities processing equipment
enerev sonrrl P*'°"^otion of the use of alternative
indieenn ^ Fmally, research on traditional and/or
technoln^ ^aterials for packaging and use of modem
preserveS! ° cost of packaging and better
LonWk should be conducted. Governments
to reduce^h"^^"^^^^^ establish fish processing centers
traditional proTuctf packaging individual
3.1.5 harvest Technologies and Livelihoods

knrw^thTdSS »°, ~ offood security. The most recognizede ini ion is the one endorsed by the International
Conference on Nutrition (Rome, December 1992) which
state.s that it is 'a state ofaffairs where all people at all

times have access to safe and nutritious food to maintain

a healthy and active life". It is generally recognized that
the root cause of food insecurity is poverty, where people
who are susceptible to food insecurity are predominantly
those living in rural areas, especially in fishing and fish
farming communities. In Southeast Asia, majority of the
fisherfolks who are the primary producers of food fish, are
still underprivileged and live a very poor life. Eradication
of povertyand the maintenance offood security to ensure
food for all are now being given high priority by almost
all of the govemments of the region.

Trade is innate to fisheries, so that the moment a fisher
has more than three or four fish for personal consumption,
there is pressure to exchange the 'surplus' for money or
other goods. Food security from fish has a direct and
indirect dimension to it. Fish as food on the plate, that
is direct while fish as source of livelihood and income,
is indirect. Therefore, in assessing the food security
implications offish trade and processing, these dimensions
should be looked at considering the wide diversity of
fish. For example, some commodities like tuna and
shrimps are for 'luxury consumption' while others like
anchovies and other low-value fish are for 'nutritional
consumption'. For direct food security issues, the latter
should be taken into consideration. Fish contributes
importantly to direct nutritional food security in countries
where staple crop is particularly low in protein. Even a
small quantity offish can contribute to increasing staple
consumption by improving its overall palatability and
adding micronutrients to its nutritive value. However, the
need for food does not adequately translate fish into food
security because this need must be backed by effective
demand in the form of purchasing power, a factor which
is lacking among many potential consumers of fish m
developing countries.

Moreover, even if fish were accessible and affordable,
thereareotherfactors that limit food security. People living
in adverse environmental surroundings that give rise to
poor health conditions cannot absorb such rich proteins.
Therefore, peoplemust have the ability to always access,
afford and absorb the food they wish to eat, the three
basic conditions that must be satisfied in order to achieve
genuine direct food security.

The relationship between fish trade and improved
fish products and food security is more complex than
being thought of and is not necessarily always positive.
Production of fish for the high value market can
substantially enhance the incomes of poor fishers, and
also raises their purchasing power to attain food security.
However, in a country where fish is an integral part of the
culturally conditioned diet of the domestic population,
fish product improvement could reduce the direct food
security of the poor domestic consumers. In such cases.
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the demand is likely related to the inelastic price because
if supply is less than the effective demand by even a very
small margin, the price of fish would sharply increase.
This can lead to undesirable nutritional consequences
especially for the poor fish consumers. Therefore, such
product improvements would still have an adverse impact
on food security for this segment of the population.

There are several issues concerning the production and
use of low-value fish in relation to food security. Firstly,
the continued expansion of aquaculture in the Southeast
Asian region which is dependent on the low-value fish
from capture fisheries for feeds. Although the use of low-
value fish as direct feeds or for the production offishmeal
for aquaculture is economically viable, which is reflected
in the increasing prices of low-value fish, there is also an
increasing conflict between the use of low-value fish for
feeds and for human consumption. This demand from
aquaculture makes the price of low-value fish higherthan
the price that traditional fish processors could afford in
order to generate processed productsthatmanyconsumers
can afford. Even if it has been argued that it would be more
efficient and ethical to divert more of the limited supply
of low-value fish for human food through value-adding,
because the low-value fish as food for domestic consumers
is more appropriate than supplying fishmeal plants for
export, the income oriented aquaculture industry has to
produce high-value commodities for the export market
to improve the economies of the countries. Meanwhile,
improving the abilities of poor people to generateincome
can also increase food security especially that large
numbers of people are employed in both fishing and
aquaculture activities, and thus would eventually get the
beneficial effects. However, mostvalue-added products are
directed for the higher incomeand not to the poor income
groups where low-valuefishwas supposed tosupply them
with affordable fish for consumption.

Secondly, technological innovations, value-adding, and
improving the quality of fish have always been beneficial
to the peoples and the economies but such measures would
require funding in order to get the much needed products,
and in the end there would be winners and losers. As a
whole, a country could benefit through earnings from
export or by supplying more fish to the newly affluent
urban population while the fisherfolk and those engaged
in processing such new products would also gain some
benefits. Value-adding creates employment especially to
the young women who are engaged in thesejobs and who
are from poorer rural areas where other Job opportunities
are scarce, thus, these new Jobs could enhance the food
security of many people.

In some countries, a significant number of women earlier
involved in fish processing for the domestic market
have already been adversely affected since they could

no longer get fish as raw materials for their traditional
processing activities because of their inability to pay for
the high price offered to fishers by altemate processors.
This results in loss of income and food security for these
groups of women. Furthermore, the perspective of the
general consumers on food security could be detrimental
to the food security ofpoor consumers. Many consumers
perceive that as export trade and value adding increases,
the volume offish available for local consumption would
decrease, which could be valid. However, contextualizing
this within the real situation of a country, could give
different scenarios with different wiimers and losers, and
thus, there is a need to analyze further such perception.

Lastly, it is a fact that improved quality, technological
innovations, value-adding, national marketing systems,
and aquaculture as well as regional and intemational trade,
are bound to increase in the future.Althoughsuch situation
could contributegreatly to foodsecurity, butJust thesame
the gains could be skewed to the left or to the right. In
one way, these could enhance food security and on the
other, could reduce food security at the same instant for
differentsegments of the population. Therefore, it is only
through poverty reduction programs that the situationof
the poor segments ofthe society could be improved. Many
govemments and organizations have been undertaking
programs to activate rural fisheries communities and
improve their economic status. SEAFDEC for example,
had introduced an approach through a program known as
"One Village, One Fisheries Product" (FOVOP), which
called for fisheries communities to identify a unique and
differentiated traditional product, and develop a marketing
strategy for such product. However, it was established
that such programs would not work without technical
assistance, infrastructure support, and in some cases
financial incentives. Other management systems such
as the ecosystem approach to fisheries (EAF) has post-
harvest dimensions incorporated into the human aspects
of the systemandplaysa roleindetermining the economic
"push" and "pull" mechanisms in fishing activities, and
also in the social, economic and institutional aspects. Such
factors should therefore be considered and should not be

left out from any fishery management equation.

Addressing these issues would need a number ofactivities
which could include many of theearlier recommendations
as well as those related to marketing, namely: assessment
of the marketing strategies that promote fresh and
traditional fish products in urban communities: finding
ways and means for rural communities to gain better
market access for their products; promoting the FOVOP
scheme, anddeveloping products andmarketing strategies
for this scheme; establishment of a Joint platform to
improve intemational trade competitiveness oftraditional
products; harmonizing data collection and reporting
systems for traditional products; and conduct of studies
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on the distribution and marketing offish and establishing
the means of redistributing the benefits along the supply
chain towards the primary producers.

Additionally, there is a need to improve the use of
incentives/credit schemes to promote the industry and
alleviate poverty by: promoting greater access to credit
for post-harvest activities and greater support for the
development of marketing cooperatives and/or the small
and medium enterprises (SMEs), particularly in fishing
communities as well as for FOVOP or similar schemes;
evaluating the incentives that would foster demand
for higher economic returns and more fish for human
consumption; and investigating the ways and means for
traditional processors to get better access to credit or
micro-credit schemes. Inessence, thegovernments should
as much as possible, decide and take action to alleviate
poverty and improve food security in their respective
jurisdictions.

3.1,6 Post-harvest Quality, Safety and Control
Systems

Quality, safety and control systems are crucial to every
aspect offisheries from capture to consumption, and apply
togovernment and industry catering toboth domestic and
export markets. The whole industry needs quality and
safety management systems to operate, whether through
intuitive knowledge or formal control system or something
in-between. Governments generally operate fish inspection
and control systems through relevant agencies to ensure
t at all products meet the export market requirements, but
most agencies do not have much control over domestic
production except those agencies that take charge of
controlling the areas ofsupply to export processing plants.

Several government agencies including fisheries, health,
commerce and trade, state, municipal, and local authorities
are currently providing services related to the safety and
qua ity offish products. However, in some countries there
IS still lack of coordination among the relevant agencies,
t ereby creating confusion, and setting conflicting
standards and carrying out duplicating roles because
different procedures are applied in different areas of
responsibilities of the different agencies.

Furthermore, importing countries are becoming more
and more demanding in their requirements. In the
cginning, importing countries require exporters to meet

only the safety requirements under the World Trade
Organization's Agreement on the Application of Sanitary
and Phytosanitary Measures (SPS Agreement) through
verification of industry's Hazard Analysis and Critical
Control Point (HACCP) control systems, which can be
audited by the concerned governments. While adapting
to a new global trade environment, new emerging issues

with respect to import requirements have developed,
which should be dealt with to enable the industry to access
the export market, such as traceability and certification
of products for safety, sustainability, combating lUU
fisheries, social issues, and environmental responsiveness
of products from sea, inland waters or from aquaculture.
Additionally, there are other issues that should be
addressed under the new requirements such as testing the
watersand the products for contaminants, toxins, residuals
or for genetically modified organisms (GMOs).

Meeting the requirements of the export market is also
a food security issue considering that increased foreign
exchange contributes to the welfare of the country and
to all workers involved in the industry through income
generation. In the ASEAN Economic Plan, all ASEAN
food inspection agencies including fisheries would be
harmonized by 2015, but would require more work on
the technical aspects of harmonization, specifically in
the harmonization and verification of laboratory testing
methodologies, laboratory procedures and practices,
and developing Good Laboratory Practices (GLP) in the
Southeast Asian region. Asystem ofproficiency testing for
regional laboratories should bedeveloped, while additional
work is still necessary to harmonize procedures between
inspection agencies in the region, and establish equivalency
with inspection systems in importing countries. There are
also other certification issues especially those related to
Halal and organic products. Recently, such harmonization
hasbeeninitiated undertheASEAN mechanism, although
slowly, and addressing some of the foregoing concerns
could support efforts in achieving the goal ina shorter time.

Safety of domestic fish products is vitally important to
food security by ensuring that consumers eat safe products.
During the last decade, much work has been done in
adapting HACCP to SMEs that export traditional products
and todevelop improved operating practices fordomestic
SMEs like the Traditional Processing Establishments
(TPEs) and Pre-Processing Establishments (PPEs) by
incorporating Good Manufacturing Practices (GMP) and
Standard Sanitary Operating Practices (SSOP). At this
point of time, it is not yet practical to apply HACCP to
these industries, but instead GMP/SSOP should beapplied
since it is a prerequisite to HACCP. Up till now, the
implementation of GMP/SSOP is still inadequate in source
suppliers, processors, and transporters due to high costs
involved and lack ofencouragement and support even if
there is the need for its implementation tobe fast-tracked.
The aquaculture industry has also been confronted with
problems due to the inability of small-scale producers to
meet the quality requirements of foreign consumers.

Some othermajor issues concerning international trade in
fishery products in thepastbiennium. and which continue
to affect international trade include the introduction of
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private standards such as those for environmental and private certification schemes could be incorporated into the
social purposes which have been endorsed by major national or regional certification management mechanisms;
retailers; certification ofaquaculture in general; concern and providing aplatform for the sharing of information
ofexporting countries about the impact on their fish among the countries in the region on the implementation
exports dueto theintroduction in2010 ofnew traceability of harmonization activities within the fisheries sector,
requirements in EU markets; process and margins Lastly, there is also the need to improve internal regulatory
throughout the fisheries value chain; the need to enhance control systems and technical manpower by developing
competitiveness of fish products compared with other National Plans ofAction in conjunction with the need for
food products; and perceived risks and benefits from fish coordination and control of all aspects of fish handling,
consumption. For some products and in some countries, processing, distribution, and marketing, by all regulatory
requirements for traceability systems do exist, because agencies; and encouraging the recruitment and training of
many ofthese systems are privately adopted and are not quality management personnel,
all-inclusive. However, there is a need for the varying
systems to be harmonized within a country and in the 4. FISHERIES MANAGEMENT
Southeast Asian region. In view of the strengthening of
the requirements of retailers for selling fish in developed In the SoutheastAsian region, there is agrowing problem
countries, private standards and certification schemes in of overfished fish stocks and excessive fishing capacity,
fisheries and aquaculture are becoming significant features which could be aresult ofthe number offishing vessels and
in the international fish trade and marketing. increased efficiency offishing technologies. This together

, with high levels of Illegal, Unreported and UnregulatedNonetheless, the proliferation of these standards and (lUU) fishing are generally recognized as important
schemes causes confusion on the part of consumers and factors that obstmct all efforts ofthe region to conserve
producer, therefore, amechanism for judging the quality and maintain fish habitats and stocks for long term

! '"m T" " 'f^cfbility systems sustainability. MRAG (2009) estimated that the global
reoinn "h 'a "i ' chain for the economic impact due to lUU fishing could be betweenregion should be developed and which could include US$ 9billion and US$ 24 billion annually or about II
regulations, enforcement systems, and certification million Mland 26 million MI offish. Attempts have been

agement mec anisms. seriously made by coimtries in the SoutheastAsian region,
I'y j r- A. rx' . sccking wuys to improvc fisherics management with the3.2 Challenges and Future Direction objectiveofreducinglUU and destructive fishing activities.

„ _ , . number of important international instruments.In summary, a number challenges need to be worked binding or voluntary that have been developed and agreed
out in order to address the aforementioned issues. These upon globally are providing guidance to countries on
cou inc ude the development of training materials, what measures to take and restrictions to apply in order

° training programs for trainers, and training to achieve sustainability in resource utilization. Sucho t e industry in the implementation of GMP/SSOP; important conventions and other instruments include the
and investigating the ways and means for the industry to 1982 UN Law ofthe Sea Convention (UNCLOS 1982),
access to funds for the incorporation ofGMP/SSOP in their the United Nations Fish StocksAgreement (UNFSA), FAQ
activities. In addition, there is also the need to improve ComplianceAgreement 1993,1995 FAG Code ofConduct
t e methodology for traceability and capacity to deal for Responsible Fisheries, and the 2009 FAQ Agreement
with new emerging export requirements by investigating on Port State Measures,
the various traceability systems that currently exist,
and develop a mechanism to harmonize such systems 4.1 Management of Fishing Capacity and
at the national and regional levels; and investigating Combating lUU Fishing
new emerging issues, and finding the ways and means
of incorporating these into the harmonized certification In response to the global requirements and the rapidly
management mechanism. There is also the need to increasing regional concerns to enhance sustainable
harmonize the inspection systems and standards in the exploitation offishery resources, senior officials and other
region by: investigating the certification and accreditation decision makers ofthe ASEAN countries have increasingly
issues related to Halal and organic products; continuing strengthened their commitment to improve management of
the promotion ol the ASEAN laboratory accreditation fishing capacity and efforts to combat Illegal, Unreported
system, developing methodologies and mechanisms for and Unregulated (lUU) fishing. The issue on management
proficiency testing, and promoting GLP; continuing the offishing capacity and combating lUU fishing has been
process of harmonizing food/fish inspection systems and seriously addressed by the ASEAN Sectoral Working
standards for common products; building capacity in risk Group on Fisheries (ASWGFi), the ASEAN Fisheries
assessment and its implementation; investigating how Consultative Forum (AFCF), the SEAFDEC Council.
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and the RPOA initiative to combat lUU fishing (based in
Indonesia), as well as in the "Resolution and Plan ofAction
onSustainable Fisheries forFood Security fortheASEAN
Region Towards 2020" (SEAFDEC, 2011b) recently
adopted bythe Ministers and Senior Officials during the
ASEAN-SEAFDEC Conference in 2011.

In addition to the afore-mentioned regional initiatives,
there have also been emerging trade-related measures
and requirements aiming to combat lUU Fishing and
enhance responsible fishing practices, among which is
the the European Council (EC) Regulation No. 1005/2008
which established acommunity system to prevent, deter
and eliminate lUU fishing, and the FAQ Legally-binding
Instrument on Port State Measures (PSM). The EC
Regulation aims to restrict the importation to EU and
l^tween EU Member Countries offish and fish products
t at originate from lUU fishing, and the requirements
are in conformity with the FAO/PSM Agreement. In
response, countries in the region have developed their
respective regulations and systems/mechanisms not only
to combat lUU fishing but also to meet the standards and
requirements for trade oftheir fish and fishery products to
these mtemational markets, as well as within the region.

initiatives in combating lUU fishing, in
on M organized an Expert Consultation
in ^ Fishing Capacity to Combat lUU Fishing
ident?^ A Where the Member Countries
and r ®intents for sustainable fisheries management
in fishing efforts to combat lUU fishing
recomm ^sian region. Some of the specific
and in^ included the promotion ofvessel record
ves«if»i inputs to information sharing; fishing
neonlp^ fishing license (vessel, gear and
S a? legal responsibilities including
register documentation schemes toinclude landbj £vesSs^om "hb

landinoc ^ whom and how {e.g. catches,
devpl ' social and labor aspects);development of MCS Networks based on the existing

•tvT ^^ •I'egion ofSoutheast Asia to be linkedwith the Regional Plan of Action (RPOA) to Promote
esponsible Fishing Practices (including Combating lUU

ACP AM as well as with the efforts of theASEAN and SEAFDEC.

4J.J Fishing Vessel Registration and Fishing
Licensing

In order to ensure that the fishing effort be regulated at
acceptable level and enhance sustainable exploitation of
the fishery resources, the FAQ IPQA-IUU specified one
of the responsibilities of Flag State and Coastal State

(,i I

in registering all fishing boats, issuing fishing licenses
and collecting data concerning their fishing activities
in accordance with the modified method for countries.
The SEAFDEC Council during its annual meetings in
2009 and 2010, therefore recommended SEAFDEC to
collaborate with FAO and look at the elements needed to

improve fisheries management, to control fishing effort
and to combat lUU fishing by addressing the issues on
fishing capacity, as well as vessel registration and record.
It is also envisaged that the establishment of good and
systematic schemes for the registration of fishing vessels
and issuing of license would allow countries in the region
to come up with more reliable data and information on the
actual fishing effort, which could further serve as a basis
for the development ofappropriate policy and management
measures to ensure sustainable fisheries in the region.

However, the situation in the Southeast Asian region is very
complicate due to the fact that several hundred thousands
of boats are small and artisanal fishing boats, and are
scattered along thecoasts and in villagesor landingsites.
Furthermore, the fishing gears and practices used by these
boats could also be veiy flexible and change according
to the seasonality and abundance of target species.
Although most countries in theregion have implemented
fishing vessel registration and licensing systems, but the
degree/methods of registration and licensing could be
varied, and the systems mostly focused on large-scale
and commercial fisheries. Different countries also apply
different definitions/classifications of fishing boats and
registration format, which are difficult to change or
harmonize among countries.

Inaddition, noteshouldalso be taken that countries in the
region have different laws, regulations and agencies that
are authorized toundertake vessel registration and fishing
licensing. In some countries, e.g. Malaysia, Vietnam, only
one agency is responsible for registration offishing vessels
and issuance of fishing licenses; while in some other
countries, e.g. Brunei Darussalam, Cambodia, Indonesia,
Lao PDR, Myanmar, Philippines, Singapore, and Thailand,
there are more than one agency involved in the process.
However, the purpose and mandate of these agencies
are generally different, e.g. the fisheries-related agency
is responsible for regulating and ensuring sustainable
fisheries management, while other agencies may focused
onother aspects such assafety at seastandards, pollution
controls, etc. In some countries, the authority to register
smaller vessels even rests with the local government or
other local bodies such as the local government unit in
the Philippines or the local People's Committee in the
case of Vietnam.

During the Expert Consultation organized in 2010,
discussion was also made on the necessity for countries
in the region to strengthen their fishing vessel registration
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and licensing system. However several countries
expressed their difficulties in recording fishing vessels
and registering the fishing boats due to the inadequate
number of officers, the lack ofstakeholder's cooperation,
and the insufficient budget and financial support to
undertake the required tasks. In addition, there have also
been inadequate information and communication from
responsible agencies to enhance the understanding and
knowledge of fishing boat owners and other stakeholders
on fishing vessel registration and licensing and encourage
boat owners to register their boats or obtain appropriate
licenses. The Consultation therefore recommended that,
at the national level, governments should provide various
forms of incentives for fishing boat owners and fishers
who apply for registration; establish routine mobile units
with designated officers for fishing boat registration
and fishing licensing especially in the distant areas;
and establish national data record center responsible
for collecting data from relevant local offices in the
country; while stakeholders' participation throughout the
processes offishing boat registration and fishing licensing
and awareness raising activities should be enhanced. In
addition, at the regional level, a regional network should
be established to promote the sharing of knowledge and
information on effective fishing boat registration and
fishing licensing; and a regional data center should also
be established to facilitate compilation and exchange of
data collected by the national data record centers.

In line with the above recommendations, attempts had been
continuously made by SEAFDEC in collaboration with the
MemberCountries to strengthen cooperation especially in
the development of mechanisms for infomiation sharing
among agencies responsible for the registration offishing
vessels and those that grant the licenses to fish. However, it
isnecessary to make a cleardistinction between a "vessel
registration" in accordance with the International Maritime
Organization (IMO) and international standards, which
allowa vessel to fly a certain flag, and a "recordof fishing
vessels" that have or have not or need not have any fishing
license. The existence of such limitation made it difficult
for the countries to promote the collection and compilation
of information on registration and licenses, especially in
countries with divided institutional responsibilities. It
is therefore necessary to develop a Regional Standard
for vessel inventory, which could include information
on safety requirements since such infomiation could be
referred to when the need arises especially in the aspect
of preventing accidents at sea and implementation of
rescue schemes.

In addition, it was also recommended that legal provisions
and requirements of the countries should be reviewed
to assess their legal and institutional arrangements for
providing support towards the development of national
systems for registration and licensing. It is al.so important

to recognize the extent to which the mandatesare divided
between different agencies to handle fishing vessel
registration and the process of issuing licenses to fish,
and examine the possibility ofhaving only one agency to
handleboth systemsto simplify theprocess. Nevertheless,
irrespectiveofthe system, linkageandcooperation among
the agencies concemed should be strengthened.

In addition to the efforts and initiative as mentioned above,

there is also a new global initiative initiated by FAO to
combat lUU fishing activities, known asthe FAO Global
Record (OR) of Fishing Vessels, Refrigerated Transport
Vessels andSupply Vessels which was designed to include
the provision of unique vessel identification (UVI). The
implementation ofOR is expectedto moveaheadinsteps,
starting with vessels largerthan 100GrossTonnage (GT)
and gradually, to include the smaller vessels. The UVI is
aimed to increase transparency making it more difficult
and expensive for those who would attempt to operate
fishing vessels illegally. Although the implementation of
the FAO GR isat this stage on voluntary basis but in the
future it could bedeclared a global requirement inorder
to monitorlUUfishing activities. It is therefore necessary
for countries in this region to improve their respective
fishing vessel registration system tobe able tocomply with
the requirements that may emerge inthe future including
those of the FAG/GR.

4.1.2 Catch Documentation including Logbook
Systems

The increasing concem and awareness of consumers on
safety and quality of fish and fishery products led to the
growing number of requirements to ensure good food
quality standards. The requirements include compulsory
measures to verify the good quality and environmental
responsibility of the fishery industries and market
organizations through various certification schemes
to ensure acceptable standards for international and
regional trade in support of responsible and sustainable
fisheries. The FAOPSM Agreement and the requirements
of EC Regulation No. 1005/2008 imply further that the
fishery products intended for export especially through
international or regional trade should have verifiable
catch documentation. Under the requirements, producers
should be able to certify the origin, quality, sustainability,
legality of production, production methods including
treatment oflabor force, and social equity among people
involved in the fishery production. These requirements
are increasingly well recognized among the countries in
the region as could be seen in the "Resolution and Plan
of Action on Sustainable Fisheries tor Food Security
for the ASEAN Region Towards 2020". The main
emphasis in the context of catch documentation is to be
able to "validate' that the information contained in the
documents are reliable. Since countries should now take
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the opportunity and consider market-based measures as
tools to promote their products, combating lUU fishing
shouldbecontinuously pursued including thepromotion of
certification andlabeling schemes including theprocesses
to validate the information provided. The promotion of
branding" could also beinitiated asacost-effective option

to promote products that are produced legally based on
environmentally and socially sound practices.

The validity of registration documents and licenses
including documents on crew members, are among the
basic documents to be provided at fishing ports together
with the catch documents. These documents will also be
scmtinized during port inspection with, among other things,
the objective ofcombating lUU fishing. Considering that
some countries intheregion aremuch more farahead and
a vanced in initiating the implementation ofprocesses to
register fishing vessels and to issue licenses to fish (vessel,
gear and people), the September 2010 Expert Consultation
sug^sted that the experiences of such countries could
e s are with other countries in support ofthe efforts

to update and modify their respective registration and
licensing systems.

3 Port Monitoring and Port Inspection

Md '"vf
countrip« • " been increasingly recognized. All
conslr fisheries need trseriously
of0^1 respect to tnonitoring
part in support of essentialthe FAO Aff ^^^tive fisheries management. In 2009,
Deter and Measures to Prevent,
Fishing (PSM ^^legal, Unreported and Umegulated
binding instrumenTwithr^ approved as alegallyillegally caueht objectives ofpreventing
through ports a H ®titering international markets
preventing IfJtj.c ^^^^®ssing the role of port states in
transshipment ves ^i landing sites, in ports and on"port". The PSM A^^ ^̂ hich are being considered as first
21 November 201 opened for signature until
depositing the 25'h
approval or ratification, acceptance,
only 23 states became?"' ^011.
Indonesia as the onlv\ Agreement with
although Myanmar signatory,
based on infr. • acceded to the PSM Agreementbased on information from the FAO Legal Office.

in the highlights the role of the port State
nort monit ^ ^l '̂sctive measures through effectiveoring and stringent inspections as needed

^ control the legality ofcatches beinglanded. As an important step towards complying with the
hC Regulation, the PSM Agreement could set an example
on how the principles could be incorporated in national

c. '

legislations. Nevertheless, in order to verify the legal
status offishery products landed in the ports of the region,
practices and procedures for port monitoring and port
inspections should be developed to ensure that these meet
intemational standards as well as the aspirations of the
ASEAN Community development and the development
of the ASEAN Economic Community which envisioned
to promote increased trade among the ASEAN countries.
Therefore, it is crucial for the Southeast Asian region to
have efficient and reliable port monitoring/inspection
mechanism that would ensure the sustainability ofmarine
resources and maintain sustainable trade as well as combat
lUU fishing.

Inestablishing andenhancingport monitoring mechanisms,
it is necessary to strengthen the cooperation among
all relevant sectors and institutions, as well as among
neighboring countries. It is important to recognize
that during port monitoring, local and foreign vessels
are monitored to be able to validate and support the
increasing requirements for catch traceability and other
documentations. Infacilitating the process, supportshould
be provided to countries by building upon their existing
well-managed ports to be developed as a model for the
country and establish protocols relevant to the laws and
regulations of each country. Furthennore, landings by
vessels in neighboring ports require special consideration
in the process of validation of the legal status of landed
catches, especially with regards to artisanal fisheries as
indicated in the PSM Agreement. Initially, this could be
followed up in relation to cross-boundary relations with
regards to areas such as in the Gulf of Thailand between
Cambodia and Vietnam, Cambodia and Thailand and in
the area between Malaysia and Thailand. Similar efforts
should be explored for border areas in the Andaman
Sea, such as between Myanmar and Thailand and in the
southem part between Indonesia, Malaysia and Thailand.
Therefore, close cooperation should be enhanced among
the countries in the Southeast Asian region and around
sub-regional seas where countries sharecommon interest
in sustaining the benefits derived from productive fisheries
and eventuallyeffectively combat lUU fishing.

Ideally, port monitoring should include all fishing ports
and landing sites, district and provincial, bearing in mind
the places where fishery products are landed, which are
considered as important andcritical control points. Good
port monitoring and port inspection is not only important
tocombat lUU fishing but is needed to control the quality
of fishery products passing through the ports. In this
regard, control of the socio-environmental standards of
the ports is necessary since it is through the catch and
landingdocuments provided at the ports and landing sites
that the relevant authorities could appropriately assess the
country's earnings in terms of taxes and other revenues.
Presentlv, port monitoring in the Southeast Asian region
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is basically or primarily done to monitor the management
of ports and landing sites without putting much focus on
systematic monitoring and validation ofcatch documents
and documents linked to the operation of the fishing
vessels (e.g. registration, licenses, crew, other relevant
documents) as stipulated in the PSM Agreement.

One critical challenge in port monitoring and inspection is
to validate the legal status ofcatches from traditional small-
scale fisheries, which becomes even more "challenging"
because verifying the origin of landingsespecially forthe
small-scale fishing boats in border fishing ports is a very
difficult task to undertake in view ofthe limitedmonitoring
efforts and no records of their catch. One possible solution
couldbe through the application of"cluster arrangements"
whereby authorities at the landing sites can verify and
validate the combined landings from a "cluster" of small
boats in accordance with national laws and ensure that
landings have been fished in a sustainable manner. As an
option, clusterarrangements couldalsobe used to certify
products from small-scale aquaculture. With regards to
artisanal landings across boundaries. Article 3, Para Part
b of the PSM Agreement provides the necessary guidance
viz: "EachParty shall, in itscapacity asa port State, apply
this Agreement in respect of vessels not entitled to fly its
flag that are seeking entiy to its ports or are in one of its
ports, except for (a) vessels of a neighbouring State that
are engaged in artisanal fishing for subsistence, provided
that the port State and the flag State cooperate to ensure
that such vessels do not engage in lUU fishing orfishing
related activities in support of such fishing".

Another challenge is to be able to validate the legal
status of catches from areas where fishing vessels have
two flags and double registration that would allow them
to operate in waters of two countries. Recording of such
catch becomes an issue because the catch might have
been landed in ports which are most convenient for the
bestpriceof the day. Furthennore, institutional structures
could actually obstruct allattempts to implement good port
monitoring since in most instances, a numberof agencies
are involved with the fish landing and more often than
not, cooperation for sharing of information among such
agencies is very limited contributing to the hindrance for
adequate enforcement.

4.1.4 Monitoring^ Control andSurveillance System
and Netyvork

Effective monitoring, control and surveillance (MCS)
capability is a fundamental component of fisheries
management which could strengthen all efforts to manage
fishing capacity and reduce lUU fishing. However, for
MCS system to be effective supportive legislation would
be neces.sary. The MCS capacity of the Southeast Asia
countries varies depending on the level of technology

and on how advanced the systems used in the country
could be. While generally monitoring may not be well
developed, in some coimtries, controlhasbeenimdertaken
through the use of Vessel Monitoring Systems (VMS)
for monitoring fishing activities within the respective
EEZs. Many countries also attempt to strengthen law
enforcement in order to improve fisheries management,
but the effectiveness of such initiatives varies among the
countries. The high maintenance cost ofsurveillance assets
is a critical factor that contributes to the slowing down of
the development of MCS in the Southeast Asianregion.

Therefore, as a result of the prevalent ineffectiveness of
national govemance structures and varyingMCScapacity
to control fishery activities ofnational and foreign fishing
vessels as well as combat lUU fishing, the efficiency
of MCS could differ widely especially that regional
structures to coordinate data collection and assessments

to guide regional management are also lacking (Morgan
et al., 2007). While structures are being developed and/
or improved inthe respective countries, the varying legal
mandates and/or regulatory systems among the countries
make it difficult to harmonize policies and legislations in
fisheries. Limitedeffortsindatacollection andcompilation,
and varying levels and quality of existing research also
make it difficult for managers to monitor and discern the
real status of the fishery resources. Moreover, relevant
government agencies, although not directly concerned with
fisheries, e.g. environment authorities, national defense,
coast guard, customs, and immigration, should take part
in dialogues on matters relevant to determiningpriorities,
allocating resources and sharing of information for the
development ofMCS networks (Awwaluddin etal.,2011).

As a regional approach to the development of MCS
networks, common understanding should be created
including the perspectives on the new "requirements that
highlights the importance ofcooperation in MCS activities
and efforts to combat lUU fishing. In the SoutheastAsian
region, establishment of more "sub-regions" could be
pursued asthese could form basis ofcooperation especially
in areas where countries have common interests towards
the development of MCS networks (SEAFDEC, 2010b).
In this connection, the efficiency and effectiveness of
fisheries-related MCS activities should be improved
through enhanced cooperation and coordination, and
improved information collection and exchange among
national organizations and institutions responsible for
fisheries-related MCS activities. Moreover, cooperation
should also be strengthened in the sub-regions involving
the ASEAN countries and as applicable, non-ASEAN
countries (e.g. Arafura-Timor Sea between Indonesia,
Timor-Leste, Papua New Guinea, and Australia). A
number ofregional, sub-regional and bilateral cooperative
initiatives onMCS activities already exist inthe Southeast
Asian region, which could be grouped into two categories.
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namely; a) joint patrol, and b) sharing of information,
which provide clear contribution to capacity-building in
MCS.Countries like Indonesia,MalaysiaandPhilippines,
for example,havebeen involved in sub-regional initiatives
or tri-lateral agreements to combat lUU fishing in the
Sulu-Sulawesi Sea. Such initiatives include the "Marine
Eco-region Program" of WWF, the RPOA to promote
responsible fishing, andthe Coral Triangle Initiative.

In addition, Indonesia, Malaysia, and Singapore through
trilateral agreement, conduct regular collaborative
seaborne patrol activities under the MALSINDO program
and the joint eye in the sky" air reconnaissance program to
combat lUU fishing in the Malacca Strait (Poemomo etal.,
2011). However, human and financial resources are critical
components of any MCS program. Even the capacity of
MCS officers who are highly competent with high degree
o integrity and professionalism in the implementation of
MCS still needs to be strengthened. Moreover, as another
means ofenhancing MCS, community-based fisheries
monitoring systems could be promoted as carried out
in Indonesia, where community groups undertake the
observation at sea and land, and report to the proper
authonties mtheir communities any suspected fishers and
vessels conducting illegal fishing.

4.1,5 Legal andInstitutional Matti
ers

reauirp?I!^^+° mtemational and regional instruments,
and EC R agreements, e.g. FAO PSM Agreement
the IMO working conditions under
for h.niH- andASEAN"Blueprints"

review
legal legislations, and the institutional and
could form ASEAN countries as the results
opportunities dialogue and recognition of the
recognition ' ^^"^^^ations ofsuch legal structures. Such
of cooperati important basis for the enhancement
and maritim^^ among institutions involved in fisheries
of fisheries '̂activities. Since the characteristics
commercial "^^^a is very complex with
and small-scalt. a wide range of traditional
considered c "^"Iti-gear fishing activities
be a great t. ii regions' economies, itwould
implications of '"at'tutional
agreempnt • various instruments, requirements and
should revtw'u "ooessary that the countries
as needed make regulatory frameworks and
their rp«np ^• adjustments to be able to improvetheir respective fisheries management.

gthe 2010 Expert Consultation on Managing Fishing
apacity to Combat lUU Fishing, the need to build up

peisona and institutional capacity in all aspects especially
in terms ofimproving fisheries management and capacity,
including port monitoring and MCS related matters had

(>•4

been highlighted (SEAFDEC, 2010b). To improve the
effective cooperation on M, C and S, a synthesis should
be developed on the common needs for each sub-region as
basis for the development ofMCS networks. The synthesis
should take into consideration the legal and institutional
opportunities or limitations embedded in the relevant
legislations of each country.

The legal and institutional implications in developing
an MCS network and in embarking on a regional
cooperation wouldmean increased emphasis on port state
responsibilities and further pressure onflag states asbasis
for cooperation and information sharing. In the process of
facilitating consultative dialogue legal officers should be
involved in the process ofregional cooperation considering
that the countries have different laws and regulations.

Lawyers and legal officers should help in assessing the
opportunities and limitations of the legal structure of
each country to find out the common elements as basis
for cooperation, including technical aspects reflected in
national legislations. In order to adapt to rapid changes
based on new requirements including those required
for the building of the ASEAN Community, countries
should learn from each other's experiences and exchange
information among countries in the region to facilitate the
development ofastructure that fits with national regulatory
and institutional frameworks that could be adapted to
common perspectives. Information-sharing should be
enhanced while capacity building should be continuously
promoted to improve institutional capacity.

4.1.6 Future Direction

In the Southeast Asian countries, being major producers
offish and fish products, efforts are continuously made
to improve various aspects relevant to the management of
fishing capacity including efforts to reduce lUU fishing
in the region. Countries should now start looking beyond
international agreements and conventions on combating
lUU fishing, by taking suitable actions in support of
improved management of fishing capacity, e.g. fishing
vessel registration and licensing system, MCS, port
monitoring, catch documents for fisheries management,
and control of fishing efforts in the region. However,
considering national policies and procedures, there is a
need for capacity building and strengthening of relevant
institutions to enable the countries to implement the
abovementioned measures and requirements.

Furthermore, considering the ASEAN Community
building which is envisaged to come into force by
2015, it is important to consider appropriate actions
to facilitate cooperation among neighboring counties
through bilateral and tri-lateral arrangements. Such
arrangements couldstrengthen and provide basis for more
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effective implementation of international instruments
and agreements. To boost the regional approach and to
facilitate cooperation, options should be explored in finding
common ground for the management of fishing capacity
and in enhancing efforts to combat lUU fishing in the
region. Moreover, cooperation among such organizations
as the Association of Southeast Asian Nations (ASEAN),
the Asia-Pacific Fisheries Commission (APFIC), Southeast
Asian Fisheries Development Center (SEAFDEC), and the
Secretariat of the RPOA to Promote Responsible Fishing
Practices (including Combating lUU Fishing), should be
enhanced in order to improve the working relationship with
the countries based on the respective on-going and planned
initiatives that would secure benefits for the countries and

ensure the sustainable utilization of the fishery resources
in the Southeast Asian region.

4.2 By-catch Reduction and Management

At the international level, the temi "discards" is frequently
synonymous with "by-catch", even eonsidering that "by-
catch" is usually the main source of discarded catch in
many fishery activities, especially from industrial fisheries
in the temperate countries. Since "discards" are generally
regarded as an important result of the negative impact of
fisheries, various attempts have been made around the
world to minimize "by-catch". Unfortunately, the temi
"by-cateh" as used in tropical areas including the Southeast
Asian region, could result in misunderstandings about
fisheries of the region. The major part of fisheries in the
Southeast Asian region can be categorized as small-scale
coastal operations exploiting a large number of tropical
species. Therefore, three factors could differentiate the
fisheries in the region from those of the temperate zones.
These are: (a) most fishery operations in tropical waters
are small-scale and conducted from one to few days,
taking into aecount the economic value of the catch; (b)
by the characteristics of tropical ecosystem, individual
speeies in tropical waters have relatively small stock
size compared with those in temperate areas; and (c) the
inherent flexibility ofmarkets in tropical areas traditionally
handle a wide range of catch species each of which is
relatively in small volumes.

Therefore, the international definition of"by-catch" could
be modified for it to be applicable to fisheries in Southeast
Asia, but should not be understood as source of discards.

Thus, for the Southeast Asian region, "by-catch" could be
associated with the target catch although such tenn is not
used in all fisheries in the region and "by-catch" could be
used for industrial fisheries. However, a more appropriate
working tenn for by-catch in the region could be "unwanted
catch" or "trash fish" which comprised the low- and no-
value species, and under-sized commercially valuable
species. Another major issue that should be addressed is
the estimation of the scale of discards by fisheries in the

region. For in general, the amount ofdiscards in Southeast
Asia could be relatively small, consideringthe nature of
small-scale fisheryoperations, but the increasing demand
for aquaculture feeds encourages fisheries to land non-
edible small-sized catch.

The collection of data to estimate the scale of discards

might not be a priority issue for the SoutheastAsianregion.
However, since collection of accurate data on discards

requires enormous efforts and still mightgiveunreliable
resultsdue to the smallvolume, more practical anduseful
approach should be developed through the conduct of
appropriate research directed towards the development of
management actions to reduce discards. The first important
step that could be immediatelyundertakenbythe countries
is to identify the fisheries withdiscards problems through
research that focuses on the reduction of "by-catch" or
"unwanted catch".

Under the present fishery regime, it may be difficult to
convince fishers to be responsible in their operations
through the use of selective fishing devices or by-catch
reduction devices such as the Turtle Excluder Devices
(TEDs), and the Juvenile and Trash Excluder Devices
(JTEDs) which have been specifically designed to reduce
by-catch. Fishers should also be made aware that such
devices are important for the development of practical
selective fishing methods which, in conjunction withthe
implementation of right-based fisheries, will eventually
minimize the "unwanted catch".

Considering that reduction ofby-catch is a new initiative
in the SoutheastAsian region, demonstrations on the use
of JTEDs have been conducted in the region through
the SEAFDEC and FAO collaborative programs on

Responsible Fishing Technologies and Practices, and By-
catch Reduction Technologies and Change ofManagement
(REBYC) which exhibit therationale for the adoption of
JTEDs as technical tool and as platform to initiate other
management measures. In order that the adoption of
JTEDs in the region would be sustainable, the Southeast
Asian countries are encouraged to develop their respective
national policieson the use of JTEDs and otherselective
fishing devices or by-catch reductiondevices.

4.3 Community-based Fishery Management
Approach in theSoutheast Asian Region

Fisheries in Southeast Asia are complex and any one
single community-based fisheries approach may not
be applicable, although it has been recorded that co-
management approach has been progressing well in
Malaysia, Thailand and Cambodia. The experiences of
these countries indicate that effective and well-defined
partnerships of NGOs and government take some time
to establish, while the fisher groups or community
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organizations need encouragement from the government regulations with minimum advice and assistance from
and NGOs to adapt sustainable fisheries management. the government.

The region's fisheries could be considered as among the Organized fishers groups are the central elements in
most productive and biologically diverse resources in co-management intervention with local institutions as
the world, where more than 300 million people depend important prerequisites for effective co-management,
significantly on fish as source of protein (SEAFDEC, because these institutions are to make decisions and
2001) although approximately 35% of the people live undertake collective actions (Kalikoskic/t//., 2002; Noble,
below the poverty line (Pomeroy and Viswanathan, 2008). 2000). The participation offishers and other stakeholders
The region's fishery resources had been known to be reduces the negative economic, social and cultural impacts
depleted due to increased fishing pressure, unregulated that are traditionally borne by the fishing communities
fishing efforts, continued use of destructive fishing (Lane, 2001). Pomeroy and Ahmed (2006) cited that
methods such as mechanized push-net, trawlers, cyanide the potential benefits of co-management could include
and d^amite seriously destroying the fish habitats and a more open, accountable, transparent, and autonomous
reducing the fish stocks. It has been reported that over management process which is more economical as it
t epast 40 years, the standing fish stocks in the Southeast requires less cost for administration and enforcement. In

sian region have been reduced to less than one-fourth of the process of co-management, community awareness
levels (Pauly e?a/., 2002; Pauly a/., 2005). should be enhanced through information, training andecurrent fishery crises therefore pose critical threat to education, allowing local communities to share power

saina le fisheries and the livelihoods of millions of with political and economic elites and government
peop e who depend on these resources especially those agencies The social unity among fishers groups in local
ivmg in the coastal areas. communities should be improved in order to minimize
yu £ , social conflicts. Effective co-management framework is

^ management system that has been practiced usually envisioned to generate benefits for the resource
man^ communities' conservation efforts, and
fishe^r?"^^ subsequently under the co-management arrangement,
svstem"T^!i ^ fishery management poverty and resource degradation could be reduced (Brown
system u top-down and centralized e/a/., 2005).
bLer reviewed and subsequently changed to
consid^er^^T"* systems. Co-management has been Generally, community organizations in the Southeast
and exDl ^ approach for the management Asian region are rather weak especially in the aspect of
Commun^i^^K^" resources. Specifically, co-management, which could be because co-management
centered Co-management (CBCM) is apeople started to develop in Southeast Asia only in the early
Partnersh'oriented, and resources-based 1990s. Pomeroy (1998) found out that few groups of
thecommun-?^7r^^ government agencies, fishers in the Philippines had opted to either formally
stakeholder^j resource users, NGOs, and other organize or seek to implement institutional arrangements
the decision f̂ responsibility and participate in on their own. In the village organizations in Lao PDR,
(Kuperan p/ management ofthe fisheries there are no specific local organizations that focused on
Pomerov anH w ^2001; resource management.
Mustanh Sen and Nielsen, 1996; Nik"stapha 1998).

fishe^ '̂̂ '̂ h^^ co-management is to empower Various initiatives on co-management have been
e' a/ 2^00 ^ undertaken by the Southeast Asian countries, but the
h'lana' Meanwhile, Community-based Fisheries scale for co-management arrangements varies agreat deal
role ^ ^hich the substantial in terms of people, ecology and level of management,
depend o management of the resources they Fisheries are considered common pool resources and
support ^dhin aframework ofgovernment characterized as open access. Traditional top-down
•s aproc ^^^"^gcment is not an end point because it management approach could not provide incentives to the
concerned^ '̂ ^ relationship among the parties fishers to reduce fishing effort. Therefore, there is aneed
hierarch^ constantly changing. However, there is a to address the important issues in co-management which
fishers ^ co-management arrangements where the include: unclear property rights, undefined role of NGOs,are initially consulted by the government, but later homogeneity characteristics ofcommunities, poverty in

. w en regulations are introduced fishers are involved fishing communities, and sustainability ofco-management.
m csigning, implementing, and enforcing laws and
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The main problem in fisheries management generally most successful in organizing thepoor. In thePhilippines,
lies among the fishers themselves because of unclear a CBFM program started with a small aquaculture project,
property rights over the fisheiy. Although property rights which had expanded through the help of local NGOs
arrangements exist, these are complex where fishers and and local govemment. Similar lessons leamed about the
community members have generally low motivation to importance of NGOs in fisheries co-management have
contribute to community fishery. Without seeing any also been documented in Thailand,
tangible benefits, community members are unwilling to
invest time and elTort in the management. Even if fishers Ithasbeenobserved thatcommunities thatarehomogeneous
recognize that community management can reduce are more likely to establish effective community-based
illegal fishing which is attributed to the establishment fisheries management. There are many communities in
of the community fisheries, but it is still unclear to them Thailand, Indonesia andthe Philippines, where successful
whether community-based fisheries could really provide co-management was dependent onthe high level ofsocio-
them benefits in tenns of increased income from fishing, economic and cultural homogeneity ofthe communities.
Although local and municipal level governments could However, co-management project could also be successful
play active role in fisheries management, each country even in socio-economically and culturally heterogeneous
has their own different ways of handling problems communities, such as in the village of San Salvador in
related to legal authority of co-management institutions, the Philippines where co-management in fisheries has
The government's role in granting legal authority is the been successful despite marked differences in ethnicity
basis for the 'constitutional rules' that determine who can and fishing gears. Fishing is an activity oflast resort or
exercise legitimate local management functions which as a safety valve for the poor, i.e. people who fish for
include detennining access rights to the resources. subsistence are already poor. However, at this point in

time, it might still be early to determine whether CBFM
The community fishery potentially offers the govemment could really have astrong role in rural poverty reduction,
a low-cost and effective means of improving compliance even if food security and poverty reduction had always
with rules and regulations, for example in banning of been the key agenda of the Southeast Asian countries,
illegal fishing gears. Considering that individual and The easy entry into artisanal fishing by the poor results
community empowerment is a central element of co- in the vulnerability ofthe aquatic resources to biological
management, empowering the communities would free and economic over-exploitation, making it impossible to
them from many bureaucratic requirements ofgovemment use the exploitation ofresources as routes for people to
agencies. Based on some countries' experience in co- get out ofpoverty,
management, NGOs have played very important role in
facilitating the establishment local co-management, by The sustainability of institutional arrangements under
focusing on building fisher community organizations that co-management arrangement is still to be determined,
canmanage their fisheries through active interaction with Although ithas become clear that establishing sustainable
the government. Although the involvement of NGOs in co-management in any one fishery requires some
establishing anappropriate co-management approach may time, meanwhile, the locally organized communities
not always be equal, it is expected that individual NGOs should be developed as sustainable organizations with
should not also be rigid to adopt their own approach legitimate decision making body to decide on the access
but should make limited modifications to fit with local and use of the fishery. Eventually, the fishers' feeling of
circumstances. However, several NGOs have different ownership would automatically come through their active
approachesand in some cases, do not want to changetheir participation in the communities' fishery activities. The
strategies and adjust to the local or project needs. most important factors that hamper the establishment of

CBFM are extemal forces such as threats and conflicts.
Based on the experience of the Philippines and other Improving the political will and commitment ofthe fishers
Southeast Asian countries, enhanced capacity building groups would be needed to counter the pressure from elite
strengthened the confidence and sense ofempowemient groups, because when local but influential people and
of the resource users and partners, and NGOs have been politicians are involved with personal gains in mind and
the appropriate groups for organizing local communities, control the fishing rights, it would be difficult to solve
In Thailand, some NCiOs network emerged and succeeded the problem. In the communities where political elites are
in organizing the local resource users. However, it has not included in the process or are opposed to the project
come to a point that co-management in Thailand is for some reasons or another, all interventions could not
heavily dependent on NGOs in terms of organizing local be sustained after the completion ofany project. Since
communities and raising the awareness of community adequate financial resources isrequired in order to support
members on the aspect of resource management. Asimilar the co-management processes, oftentimes co-management
situation emerged in Bangladesh where the NGOs were projects which are initiated and funded by external
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financial sources fail when the project is completed due
to the inability of the local partners to continue funding
the activities.

Co-management in the SoutheastAsian Region

InSoutheastAsia, co-management and community-based
natural resources management has started to develop
through the initiatives of people, NGOs, government
and international agencies, as ways of involving the
resource users in fisheries management. The history of
co-management in this region shows a shift from CBFM to
co-management(CM). In the Philippines,natural resource
management had been top-down and non-participatory for
centuries, and with itslong history of traditional fisheries
nghts and allocation, community-based coastal resource
management (CBCRM) was initiated inearly 1980s. The
country is now the only country in the region that has a
wide range ofexperiences in terms ofCBCRM and co-
management (Pomeroy and Carlos, 1997). Since the late
1970s, the country's fisheries was defacto open access and
subjected to overexploitation but in 1975-1998, fisheries
management had been implemented in accordance with
t e Philippine Presidential Decree 704 series of 1975,
and in order to reduce fishing effort, licensing system was
introduced. Nonetheless, in spite ofthe number oflaws and
regulatory frameworks for integrated coastal management

were introduced in the Philippines, none ofthese were
reed properly (Eisma, Christie and Hershman, 2005).

to Philippine Govemment recognized the need
and ^ stakeholders' participation in management
levels eontrol over resource access to local
policv policy and institutional reforms. Such
strenLI® included decentralization of authority,
and ® '"8 the enforcement of fisheries laws,
govern°m community-based initiatives. Thus, the
resources!" I management of natural
under it r° "8'̂ °'"m"nities and municipalities
prosnect! f""®' ^ode (LGC). Thus, good
lar I i co-management in the Philippines startedgeiy due to the changes in the political climate of

e country, specifically the move to delegate more
responsibilities to local governments and NGOs involved
2000^*^ community development (Nik Mustapha,^ 2). Since then, over 180 CBCRM projects have

®cn implemented by the government, NGOs, fishing
academic and research

msritutions.

Evidences ofthe implementation ofco-management have
P^R Thailand, Malaysia, Cambodia, LaoVietnam. The governments ofthese countries are
exerting efforts in order to sustainably utilize the fisheries
and improve the socio-economic conditions ofsmall-scale
ftshing communities through the CM approach. SEAFDEC

for its part has developed regional guidelines for all
Member Countries to formulate fisheries policy supportive
to co-management or community-based management
approach. From 2001 to 2009, co-management pilot
projects have been implemented in Thailand, Malaysia
and Cambodia under the ASEAN-SEAFDEC collaborative
mechanism with support from the Trust Fund of the
Govemment of Japan (JTF). During the implementationof
thepilotprojects, the participatingcountries made certain
adjustments in theCMapproachto ensure its applicability
in the concerned countries and sustain its implementation
after the completion of the relevant funded projects.

The first pilot community-based fisheries management
project was started in Thailand by its Department of
Fisheries (DOF) withthe involvement of local fishers and
other stakeholders. In Thailand, it has become necessary
to adopt the CBFM approach because commercial fishing
vessels had been encroaching in the prohibitedareas3 km
from the shoreline and using destructive fishing gears.
The main objective ofthe pilot project was to improve the
livelihoods ofcoastal fishing communities by reducing the
fishing pressure. Many important activities were conducted
under the project which centered on enhancing local
employment and income through capacity building and
improved participation of local fishers in the management
of the coastal resources through sustainable utilization
and at the same time generate alternative income for
sustainable livelihoods. As part of the project activities,
fishers groups were organized and had been involved
in fisheries conservation such as releasing juveniles,
establishing crab banks, installation of artificial reefs,
among others. This pilot project has been successful in
managing fishing activities, monitoring, andenforcement
of regulations to combat illegal fishing.

The centralized fisheries management system provides
limited scope for co-management of the fisheries in
Malaysia. Thus, the Locally Based Coastal Resource
Management (LBCRM) project was implemented in
Langkawi Island from 2001 to 2007, where a model
Fishermen Economic Group was formed, and later
this model group had been adapted in several fishing
communities in Peninsular Malaysia. Considering the
nature of the functions of the group, it was laterrenamed
in July 2007 as the Fishery Resource Management
Community. Therefore, the fisheries management approach
has moved towards a more holistic and ecosystem based
approach (SEAFDEC, 2009).

During the implementation of the LBCRM in Malaysia,
all administrative and technical support was provided
by the Department of Fisheries Malaysia (DoFM). Co-
management approach was initiated in Kuala Teriang,
Langkawi with the active participation of the staff of
DoFM and members of the local fishing community.
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The local people were actively involved in fisheries
conservation activities in the project area such as re
plantation of mangroves, installation of artificial reefs
and selling fish-based food products. The institutional
arrangement for the project implementation was done with
the strong role ofSEAFDEC and DoFM, while a fisheries
resources management committee was formed under the
supervision of the DoFM and Fisheries Development
Board. The organized fishers group was able to prepare
their own fisheries resource management plan (FRMP).
However, there was a problem in the implementation of
the planned activities due to inadequate number of DoFM
staff in the project site (SEAFDEC, 2009).

A traditional community-based approach had been
implemented in Sabah, East Malaysia over the past 20
years. Locally called tagal, the system prohibits fishing
by concerned eommunities in a river for a certain period.
Since 2001, the Department of Fisheries Sabah (DoFS)
has extended support to promote this approach in order
to conserve and protect freshwater riverine fisheries. As
a result, more than 240 tagal fisheries groups have been
established in various locations in Sabah. The DoFS

and local community had worked jointly in this co-
management project. Only local people with traditional
use rights are included in the tagal fisheries groups,
which have established fish sanctuaries and introduced

restrictions on using fishing gears such as gill net in
particular fishing area in the river. Eco-tourism activities
have also been promoted very successfully in many tagal
projects. Although in general, the tagal eo-management
approach is promising, but in some areas this system has
not been successfiil due to weak institutional arrangements
and lack of enforcement.

InCambodia, riverine fisheries are open accessespecially
in the upstream provinces near the Mekong River Basin.
In 2000, the Royal Government of Cambodia, through
the Fisheries Administration (FiA) refonned the fisheries

policy of the whole country by empowering the local
communities to manage the resources by themselves,
known as the "community fisheries" or CF. However, the
process of CF establishment and implementation varies
and relies on the supporting organizations and government
agencies. A co-management pilot project implemented
in 2005-2009 by the FiA with funding support from the
Japanese Grassroots Level Aid, focused on community
organization, capacity building and empowerment of
local fishers in order to ensure their participation in the
management of the resources and improve livelihoods
through alternative income earning opportunities. In the
process, the organized local community groups were
able to prepare their own Community Fisheries Area
Management Plan (CFAMP) which together with other
related documents such as Internal Law, By-Laws, and
the community fisheries zoning map were endorsed by the

local administration to the Govemor with the Community
Fishing Area Agreement for approval. Under the co-
management project, the Community Fishers (CF) and
Local Enforcement Unit (LEU) were establishedin 2002.
Although community management is a very new concept
in Cambodia compared with that the other coimtries in
the Southeast Asian region, the country has an excellent
opportunity to practice sound community management
because the Cambodian Government encourages the
fishers to be actively involved in community resource
management.

In Vietnam, communities arenotyetregulated bytherule
of law, which is very important for sustainable resource
use. The legal framework is not yet clear on how much
the local government can be creativeand proactive in the
decision-making and planning of the local community.
Based on traditional methods and practices along with
the lessons learned and experience gaines, Vietnam could
have thereal chance to implement successful community-
based management if the government would only remain
highly supportive and would continue to encourage the
stakeholders to implement such scheme.

4.3.2 Future Direction

Thus in the Southeast Asian region, community-based
management and co-management arrangements infisheries
areconsidered asfeasible options forbringing together the
relevant levels of the government and users inpursuing a
common set of goals to improve the resource and socio
economic conditions of the communities. More than two

decades of research have provided sufficient conclusive
support for co-management and community-based
management as approaches for effective enforcement
and equitable access for the poor and often voiceless
fishers (Dey and Kanagaratnam, 2008). Nevertheless,
in the context of small-scale fisheries in Southeast Asia
which iscomplex, one single community-based fisheries
approach may notbeapplicable everywhere, considering
thatcommunity-based co-management approach involves
continuous consultation, negotiations, information
sharing, and conflict management among stakeholders
for the improvement of theexisting management systems.

4.4 Habitats Protection and Coastal Fishery
Resources Enhancement

4.4.1 Issues and Concerns

The coastal waters of Southeast Asia comprise a rich
ecosystem characterized by the existence ofareas with
extensive coral reefs and seasonal up-welling, as well
as the presence ofdense mangrove forests enriched
with nutrients from land. These areas are critical to
a broad range of aquatic organisms during their lite
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cycle from breeding, spawning, nursing and growing, resources. However, note should be taken that the use of
hosting the feeding zones of aquatic species that are ARs can result in positive social and economic benefits
economically important, and serving as important source if fishing effort is regulated, but it could result in further
of recmitmentof a wide diversity of fish species. In view overfishing if uncontrolled. A combination of integrated
of the economic benefits that these areas could provide, programs usingARs, closed season, limited entry, habitat
human settlements have mushroomed in coastal areas protection and restoration, fish sanctuaries, mangrove
leading to the significant deterioration of the quality of reforestation; and increased community awareness of
the ecosystem as a result of continued and increasing the need toconserve the resources is therefore necessary,
human activities. More specifically, the commercially AR programs also need proper planning and management
important fishery resources inthe region have declined due atthe national and regional levels while the implementation
to many factors that include overfishing, illegal fishing, of any AR-related activity must be based on scientific
use of destructive fishing practices, and environmental knowledge and multi-discipline expertise. In the process, it
degradation. Massive clearance ofmangrove forests for is necessary to strike abalance between the objectives and
aquaculture, urbanization, industrialization, wood fuel, benefits ofthe AR projects in tenns of the environmental,
timber and the like, could bring about large temporary economic and social aspects in fish production for food
economic benefits to certain groups of people or the security,
governments but in the end, the breeding, nursery and
feeding areas ofmany aquatic species such as fishes, 4.4.2 Use ofBig-size Artificial Reefs: Malaysian
crastaceans, and mollusks have been destroyed and lost. Experience
For example, sand mining destroys the natural habitats of
many commercial fish species while the use ofdynamites Focusing on the efforts of Malaysia, its ARs program
in fishing could seriously destroy the coral reefs which which was started in 1975, aimed to promote fish
serve as the natural habitats for the highly economic and sanctuaries, recover seriously depleted coastal fishery
commercially important demersal fishes such as groupers, resources and prevent the encroachment of trawlers into
humphead wrasse, snappers and others. the prohibited inshore areas. The country's ARs program

started with the use of discarded car tires and later, under
In addressing such concems, most countries in this region the Ninth Malaysian Plan in 2006, the Department ofave eployed artificial reefs (ARs) to restore the depleting Fisheries Malaysia focused on the design and construction
coasta fisheries resources, prevent encroachment of of big-sized reinforced concrete ARs suitable for
jaw ers, reduce conflict between commercial and installation in hard and soft bottom sea beds. The structures
a itional fishers, and increase the opportunities for small- considered various factors such as the fish behavior, marine

sea e shers to improve and sustain their incomes from engineering aspects, physical oceanography, and the target
s ing. Other measures have also been promoted such species. The structures were constructed according to the

as e installation offish enhancing devices, promotion British Standard 8110, and until the end of2010, fifteen

°f ®J|hancement through re-stocking, development new designs of concrete ARs weighing about 6-42 MT/
a d^t of breeding grounds, module and measuring 1.6 to 3.8 m(length, width and
na F" niarine protected areas or marine height) were produced. The various ARs had their specific
defi ^H spatially and geographically functions, for example the cuboid bio-active ARs, anti-ne inland, marine or coastal areas in which specific trawling ARs, juvenile ARs, soft bottom ARs (2 designs),
management measures are applied to sustain important tetrapod ARs (2 designs), recreational ARs (2 designs),
species (fisheries resources) during the critical stages of cube ARs (2 designs), cuboids ARs (2 designs), and lobster
t eir life cycle. The establishment offish refugia had been ARs (2 designs),
intensified in Thailand, Vietnam and Cambodia. Other
man-made structures including aquaculture facilities, The experience and knowledge gained since 1975 was
breakwaters, oil platforms, oil and gas pipe lines, used to improve the planning and management ofthe ARs
stationary fishing gears, and jetties have also enhanced program during the Ninth Malaysia Plan (2006-2010). New
the biodiversity ofaquatic organisms including fish. Thus, objectives were set-up which included the development of
strengthening the linkages between resource enhancement new AR sites and deployment ofadditional AR modules
activities and integrated coastal fisheries management at the existing/present sites for resource enhancement;
Jit particular emphasis on decentralized rights-based conduct of research and compilation of information on
s eries has been promoted in the Southeast Asian region suitable AR designs, durability ofmaterials, and suitable
or the sustainable development ofcoastal fisheries for sites oflocal fishery resources; development of new AR

food security. designs which can deter the encroachment of unfriendly
fishing operations especially trawlers into traditional

Fish refugia and ARs can be complementaiy tools for fishing grounds and specific zones; and providing
conservation, management and enhancement of fisheries substrates for corals to grow.
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During the Ninth Malaysia Plan (2006-2010), ARs
program was implemented in all states of Malaysia for
the first time since 1975 using funding from the federal
and state govemments. The research and development
program focused on design and constmction of big size
reinforced concrete ARs for installation in hard and soft

bottom seabeds taking into consideration fish behavior,
marine engineering, physical oceanography and target
species (Zaidil Abdilla et al., 2010).

Construction using reinforced concrete grade 30-50 was
started in 2006. The structures constructed included soft

bottom ARs measuring 3 m x 3 m x 3.6 m (18-22 MT/
module); cube and cube juvenile ARs 2.5 m x 2.5 m x
2.5 m (14-14.5 MT/module); cuboid and cuboid juvenile
ARs, 2 m X 2 m X 3 m (10-10.5 MT/module); tetrapod
ARs, 2.655 m x 2.655 m x 2.385 m (8 MT/module);
lobster ARs, 1.65 m x 1.65 m x 1.65 m (5-6 MT/module);
recreational and recreational juvenile ARs, 1.85 m x 1.85
m X1.85 m (6-6.5 MT/module); and juvenile soft bottom
ARs and anti-trawler ARs, 3.4 m x 3.4 m x 3.75 m (35-42
MT/module). The construction work followed the British
Standard 8110, where concrete covers at least 50 mm,
column and beam rcbar make use of 4 rod of Y12, link
uses R8 (cv^ 200mm c/c and slab reinforcement uses BRC
A10. Ready-mix concrete from batching plant grade 40
was used for all designs except for the soft bottom ARs,
anti-trawler ARsandjuvenile softbottom ARs. Since these
designs were quite big and heavy, ready-mix concrete
grade 50 was used. Cube test was conducted 7 and 28
days after construction at the government and private
laboratory. Curing was implemented for at least 28 days
before deployment. Any module which didnot follow the
specification as stated in the quotation or tender documents
was rejected (Zaidil Abdilla et a/., 2010).

The newlydesignedARs for soft and hardbottom seabed
were deployed in 2006, where a total of33 modules ofsoft
bottom ARs were deployed in Pulau Payar Marine Park,
Kedah for research purposes and another 16 modules in
Kuala Langat, Selangor for resource enhancement. Forty
tetrapod AR modules were also deployed on sandy bottom
inTerengganuand Pahang. A series of visual observations
by SCUBA diving was conducted tostudy the fish behavior
especially their interaction to the ARs structures, while
information on the bio-fouling on the ARs surface was
also recorded. Minor modifications were made from year
to year until the most suitable design was materialized in
2010 (Fauzi, 2010).

In2007, the project was expanded to another 10new sites,
especially making use of the tetrapod ARs to deter the
encroachment of illegal trawlers into traditional fishing
grounds in Kelantan and .lohor. while soft bottom ARs
were also deployed in Kedah and Selangor, and ARs for
recreational anglers deployed in Terengganu and Pahang.

In 2008, the ARs project was implemented in all states
except in Sabah and Sarawak. Another 19newsiteswere
identifiedand a new designfor lobsterARswasdeployed
in the Federal Territory of Labuan. The success of big
size ARs in enhancing coastal fisheries resources as well
as hindering illegal trawlers had encouragedthe Federal
Govemment to allocate additional budget for the project
in 2009.

Thus, another 38 new sites for ARs were identified in
2009. The project was continued in 2010 with another
35 new sites identified and by the end of 2010 a total
of 105 new sites were deployed with the appropriate
ARs, where each site had 12-134 modules depending on
the available budget. Thus, Sabah had 17 new sites for
reinforcedconcreteARswhileTerengganu had 15,Kedah
(12), Federal Territory Labuan (9), Kelantan and Perak
(8), Pahang and Selangor (7), Negeri Sembilan and Johor
(4), Malacca and Penang (3), and Perlis two sites. From
2009 until the end of 2010, a total of 237 recreational
concrete ARs and anti-trawling ARs were deployed at
12 sites in Sabah. Management and monitoring of all
AR sites are under a co-management approach between
the DoFM and local fishers. Meanwhile, the Department
of Fisheries Sabah (DoFS) put up a condition that ARs
would be deployed near the fishers' fishing villages
only if local fishers are willing to take part in the Local
Artificial ReefCommittee which fimctions and commits to
protect, monitor and harvest fish in a sustainable manner
from theAR sites. Theapproach introduced by theDoFS
has succeeded in protecting the resources in theAR sites
from dynamite and cyanide fishing by illegal fishers. In
addition, the DoFS also prescribed that only angling is
allowed while other gears are prohibited to operate near the
AR sites. The Marine Police and the Malaysian Maritime
Enforcement Agency also participate in the activities that
aim to protect the AR sites from illegal fishing. The local
fishers inSabah that have ARs projects near their villages
are now very happy to have such big concrete artificial
reefs deployed because the structures function not only as
resource enhancement but also prevented trawlers from
encroachinginto their inshore areas.

Site selection is an important component in the deployment
of ARs. Thus, a series of surveys were carried out in
the waters of Malaysia using echo-sounder for seabed
topography, grab or divers for collecting sediments, and
current meters for information on direction and speed of
current. Divers also used to explore and film the seabed
areas to obtain baseline information especially on the
topography, substrate stability, proximity to natural coral
reefs, and the biological resources within the immediate
vicinity ofthe site. Bamboo traps, and hooks and lines were
also used to gather preliminary indication of the fishery
resources of the selected sites.
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Considering the heavy weights of the ARs, pontoon or
barge was used to transport and deploy the concrete ARs
to the selected sites. During the installation processes, free
fall deployment method was applied using 44-100 MT
crane. Special mechanical device was constructed which
worked very successfully during the deployment process.
Each module was placed on the sea bed at 2-3 meters apart
from each other. After the completing the deployment,
several divers inspected the position of each module and
all information was recorded by video camera for future
reference (Zaidil Abdilla et al., 2010).

Monitoring activities are conducted regularly every 3-6
months after deployment to record the changes in fishery
resources as well as the physical stability of the reef
modules by the Penang-based DoFM staffofthe Fisheries
Research Institute, staff of SEAFDEC/MFRDMD in
Terengganu, and from the Fisheries Research Institute
Sarawak Branch. Several survey methodologies were used
and this included intersectedtransect method for sessile,
fouling and encrusting organisms, and visual observation
via transect, fixed stationary points as well as search
patternfor fishes. Information on the encrusting, sessile
and fouling organisms, fish assemblages, fish composition,
as well as physical, chemical and biological parameters
were recorded and analyzed. Several research activities
were conducted in collaboration with local universities
involving the undergraduate as well as post-graduate
students. Mapping oftheAR locations were also conducted
using side-scan sonar.

Results ofthe monitoring by SCUBA diving showed fast
development of the resources that had been enhanced
and various organisms had immediately encrusted the
structures while all surfaceareas have been covered with
bio-fouling, sessile and encrusting organisms within six
months after deployment especially for ARs deployed on
sandy sediments. Generally, the surfaces ofmost ARs have
been covered with mollusks, barnacles and multi-species
corals. In Kuala Terengganu, an average of 364 tails of
fish was estimated at each module for cuboid ARs after
six months ofdeployment. These included 45 juveniles
of high quality grouper (Epinephelus coioides and E.
areolatus). After 11 months, the mean count/module was
increased to 1839 tails and mostly dominated by the bigeye
snapper, Lutjanus lutjanus andyellowtail scad, Atule mate
(Mohammed Pauzi etal., 2010). Fauzi (2010) reported that
big size ARs deployed in the coastal waters ofPeninsular
Malaysia in 2006 has become a nursery and breeding
ground for lobsters and crabs, especially the fully gravid
animals which were found within the AR structures during
the series ofvisual observations conducted by DoFM
researchers. The structures also function as substrate for
many marine fauna and flora to grow, and also proved
successful inhindering illegal trawlers especially because
the cod-end ofa trawler could beentangled with the AR
structures.

In the latest findings in 2010, more than 1GO species of
fish were recorded at the AR sites in Terengganu, Kedah,
Sabah, Sarawak and Federal Territory of Labuan. Among
the species found were the highly commercial species
such as groupers, red snappers, sweetlips, lobsters, and
coral fishes such as banner fish, anemone fish, lion fish,
bat fish, chromis, among others. Tetrapod ARs deployed
near the Mak Daerah turtle nesting beach in 2006 has
become a safe resting place for green turtles during their
inter-nesting period. Adult green turtle Chelonia mydas
was observed resting closed to the ARs in July 2010. This
place is now a safe temporary habitat for this reptile away
from trawling activities. A study in May-June 2010 by the
DoFS on ARs deployed in Tempurong and Lok Nunuk
in 2009 recorded 22 species and among them are high
grade snappers {Lutjanus spp.), groupers {Epinephelus
spp.and Cephalopholis spp.), Carangoides {Caranx spp.),
stingrays, and spiny lobster {Panulirus spp.).

The DoFM has imposed prohibitions against fishing in
the immediate vicinity of up to a radius of 0.5 nm of the
ARs, the locations of which had been suitably indicated
by marker buoys (Jothy, 1986; Wong1991; Abdul Razak
and Mohamed Pauzi, 1991). However, all marker buoys
were lost due to vandalism and from forces of nature. In
Sabah, the DoFS enforced a policy or condition that only
local fishers who are committed to take active part in the
Local Artificial ReefCommittee to protect and monitor the
AR sites from dynamite and cyanide fishing, overfishing,
from net and trap fishing with only angling allowed, will
be considered as ARs project beneficiaries and where ARs
would be deployed near their fishing villages.

Generally, the ARs program of Malaysia in 2006-
2010 has achieved its objectives of deterring illegal
trawling activities into the coastal waters. Moreover, the
involvement and commitment of local fishers in protecting,
monitoring and managing the ARs from illegal fishing
and overfishing had been the most effective form of
management in the AR sites. The DoFM also gathered
valuable experiences that will serve as guide through its
future undertakings in habitat enhancement as well as
on the suitable materials, appropriate designs, size and
strength thatwillprovidethe best performance ofthe ARs.

For example, the large concrete artificial reef modules
currently being promoted by DoFM have the strength,
design and size which are most suitable in terms of
creating new habitat, resisting environmental conditions
and also withstanding the onslaught of the illegal trawlers'
malpractices. The DoFM is continuing its efforts to find
new designs for concrete ARs that will be able to closely
imitate the natural reefs, preferably those that could
protect young juveniles of marine organisms and at the
same time provide niche for a host of marine organisms.
Nevertheless, various issues have also arisen during the
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implementation of the ARs project in Malaysia in 2006-
2010. These include: (a) perceptions of most people and
policy makers that ARs are constructed for fishing, and as a
consequence AR sites outside Marine Park areas are fished
without control; (b) fishers' management responsibility of
the ARs is unclear because many government agencies
are directly involved in the constmction and deployment
of ARs; (c) conflict of interest among user groups
especially between drift net and anglers in the AR areas,
especially that drift nets are always entangled with the
AR modules and are left unrecovcred; (d) inadequate
technical knowledge among officers involved in ARs
project especially in marine engineering construction
and physical oceanography; (e) insufficient facilities and
infrastructures such as jetty, pontoon, crane and concrete
batching plan; and (f) limited funding for the scheduled
monitoring activities.

4.5 Responsible Fishing and Practices in
Southeast Asia

Promotion of the concept of responsible fishing is not
new in global fisheries as it can be traced back to the
Convention on Fishing and Conservation of the Living
Resources of the High Seas in United Nation Law of
the Sea (UNCLOS) 1958 which explains the global
concem of sustainable utilization of the marine fishery
resources. Similar message was reemphasized in the
articles of UNCLOS 1982 which concerned more on the

conservation and utilization of the living resources, and
especially the stocks occurring in the exclusive economic
zones of two or more coastal States or transboundary or
highly migratory species. However, the fishery resources
had gradually declined year by year and in order to
address the problems on stock decline, the Committee on
Fisheries (COFl) organized the International Conference
on Responsible Fishing in 1992 (The Cancun Declaration
1992) to consider the draft of the Code of Conduct for
Responsible Fisheries (CCRF). Finally, the global CCRF
was adopted in 1995, providing general principles and
international standards for responsible fisheiy practices
worldwide. Recognizing that the implementation of the
CCRF is very important in ensuring sustainable fisheries
inSoutheastAsia, SEAFDEC also sustained its campaign
for the implementation of the CCRF in the region. In
orderto encourage the Southeast Asian countriesto adopt
the CCRF, it was necessary for SEAFDEC to provide
clarification on the requirements spelled out in the CCRF
taking into consideration the specific situation of the
Southeast Asian region.

The different fishing scenarios and issues that exist within
the region, especially those related to multi-species,
multi-gear and small-.scale nature of fisheries are rather
dominant and unique, but it is unfortunate that these
issues were only superficially covered by the global

CCRF. Thus, it was deemed important for SEAFDEC to
address the specificity offisheries intheregion through its
program on the Regionalization of the Code of Conduct
for Responsible Fisheries (RCCRF) starting in 1998.
RCCRF aimed to: clarify the requirements of the CCRF;
identify and prioritize the required actions; identify the
issues that require special consideration from the regional
point of view; formulate regional policies that would
help the ASEAN Member Countries in implementing
the global Code of Conduct for Responsible Fisheries;
and facilitate the formulation and implementation by the
ASEAN Member Countries of nationalcodesof practices
for responsible fishing operations, fisheriesmanagement,
aquaculture, and post-harvest practices and trade. While
the RCCRF focused on the Southeast Asian region's
specific context, encompassing its culture, its fisheries
structure, and the region's fishery ecosystems, the result
was a compilation of regional guidelinesaccommodating
the specificregionalconcemsthattheglobal CCRF failed
to highlight, and where the issuesof particularimportance
to Southeast Asia havebeenamplified andelaborated on
under the framework of the global CCRF.

4.5./ KeyIssues Related to Responsible Fisheries

In order to sustain the marine fishery resources and
maintain marine capture fisheries in the Southeast Asian
region, the RCCRF attempted to put more emphasis and
strengthen Chapter 8 of the CCRF, while the hindrances
confronting the development of sustainable fishing
were identified. Two main issues were then focused, i.e.
depleting fishery resources coupled with environmental
deterioration, and climatechange that impacts on fishing
operations and safety of fishers at sea. Since the impacts
of fishing operations and practices both legal and illegal
had been identified as the maincauses of thedepletion of
fishery resources and deterioration of the environment,
these issues were discussed thoroughly during the
Regional Workshop on the Reduction of the Impacts
of Fishing on Coastal and Marine Environments in the
Southeast Asian Waters organized in Thailand in January
2009, and scoped into specific issues that include: over-
fishing; destructive gear; on-selective gearand practice,
lUU fishing; ghost fishing; and use of fossil fuel. In
addition, the2009 Workshop also identified major fishing
practices that could bring negative impacts on the coastal
and marine environments hindering all efforts to achieve
sustainable fishing especially in the Southeast Asian
waters. These included: light fishing; use of stationary
gears (^.g., tidal traps, stow-net, fyke net, Japanese set net,
Muro-ami, Choko-ami); use of active gears (c^.g., trawls,
dredge, push net); use ofsemi-passive gear and small-scale
fishing gear (c^.g., pot, gill net); longline fisheries; and
purse seine operations associated with fish aggregating
devices (FADs).
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Moreover, considering that the impacts ofclimate change
and the consequences ofunpredictable weather conditions
had been the main hindrances in sustaining responsible
fishing activities and safety of fishers at sea, efforts are
being made by the Southeast Asian countries to mitigate
the impacts offishing operations to the environment. The
SEAFDECFisheryStatisticalBulletin2007 reportedthat
thenumber offishing boats inSoutheastAsia both powered
and non-powered could reach about 1,500,000 units,
reflecting the fact that the fishing sector israpidly growing
and could be a major source ofgreenhouse gas emission
and thus, shouldbe addressed as part of the international
climate change mitigation framework. Furthermore,
reports have also shown that some 2.5 million out of 4.3
million vessels used in fisheries worldwide are powered
by fossil fuel buming engines that consume some 42-
45 million MT of fuel per year. The increasing use of
fossil fuels by fishing boats led to increased emission of
CO, providing the information on carbon footprints of
fishing boats. Since the boat's carbon footprint is directly
proportional to the amount of fuel burned, it is therefore
necessary to reduce the use of fossil fuel to minimize the
fishing boat's carbon footprint and subsequently reduce
the emission ofCO,, amajor greenhouse gas (GHG) that
contributes heavily to global warming.

SEAFDEC recognizes that strengthening responsible
hshing and practices is an approach that could sustain
marine fishenes in the SoutheastAsia region. In this regard,
three mam issues have been considered which should be
addressed in future R&D activities, i.e. investigating
the destructive manners of fishing gear and practices,
optimizing energy use in fisheries, and enhancing safety
at sea for small-scale fishing boats. The 2009 Workshop
noted that destructive fishing gears and practices are being
operated in the Southeast Asian region and thus, countries
were asked to mitigate the impact to fisheries resources
and ecosystem. On light fishing for example, research on
appropriate use oflights in fishing (optimizing and saving)
hsh behavior in response to the light, visual physiology and
impact on socio-economic as well as alternate light source
technology should be undertaken. The outcome of such
effort could be adraft policy on the use oflights in fishing.

For active fishing gears (trawl net, dredge, push net), action
plans for the development ofstrategy on the promotion
of JTEDs in trawl fishing in Southeast Asia should
be strengthened, while observers program for trawls,
dredgers, and push nets should be initiated. Assessment
of the impact of dredge, push net and other active gears
should be conducted, the results ofwhich could be used
mthe development ofappropriate policies. Action plans
h^r longline fisheries should be developed to include the
development ofstrategy for adoption ofthe circle hook in
^r)ngjine fishery and secure reliable supply ofappropriate

hooks, promotion of best practices for longline fisheries,
onboard observers programs as well as assessment of by-
catch in pelagic longline fisheries.

Moreover for stationary fishing gear (tidal trap, stow net,
Japanese set net), the action plan could include assessment
ofthe impact ofstationary gear, establishment ofregional
expert network to promote further extension of set net
technology in the region, and dissemination and promotion
the manual on good practice. For small-scale gear (gillnet,
pot/trap), future R&D activities should aim to enhance
sustainable fisheries, and could include: assessment of
the impactofsmall-scale gear to marine fishery resources,
mortality risk assessment of small-scale fishing activities
to marine mammals, development ofmitigation measures
for ghost-fishing and use of non-selective fishing gears,
development of management model for small-scale gears,
and development of awareness building materials to
mitigate by-catch insmall-scale gears. As for purse seine
in association with FADs, activities that had been initiated
in the region should be enhanced, e.g. survey on the use
of drifting FADs and fixed FADs in Southeast Asian
countries, assessment ofthe impact offixed FADs on tuna
stock, materials and designs for eco-friendly FADs, and
awareness building on the impacts of abandoned drifting
FADs and on the use offixed FADs in purse seine fishing.
In addition, the development of best practices for drifting
FADs and fixed FADs should also be pursued.

In line with the efforts of the Southeast Asian countries to
reduce the impact of fishing practices to the coastal and
marine environments, the establishment of the Network
forReduction ofImpact ofFishing on Coastal andMarine
Environment in Southeast Asian Waters (IFCOME-
Network) has been initiated by SEAFDEC to facilitate
thesharingand disseminationof infomiation on programs
and initiatives related to the reduction of the impact of
fishing, and monitor the developments to be used as basis
in improving the design offishing gears and promotion of
responsible fishing practices. The main role ofthe Network
is to provide information and recommendations that could
contribute to improving thecurrent fishing gear technology
and practices to reduce the impacts from fishing activities;
enhancing inter-agency and inter-sectoral coordination at
the national, regional andintemational levels forachieving
sustainable fisheries management and development in
the Southeast Asian region through proper development
offishing gear technologies and practices; strengthening
regional cooperation on R&D, technology transfer,
and resources capacity building on the issues related to
reduction of impact of fishing practices; and wideningthe
network ofpeople, government, organizations for reducing
the impact of fishing practices to the coastal and marine
environments.
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4.6 Optimizing Energy Use in Fisheries

Considering the large number ofpowered fishing boats in
the Southeast Asian region, it has become imperative to
reduce fuel consumption in order to contribute to savings
on operations costs as well as reduce CO, emission to the
environment. In the capture fishery sector, introduction of
good engine maintenance including the use of alternative
energysource for example the use ofsails for small fishing
vessels, natural gas such as the liquefied petroleum gas
(LPG) or compressed natural gas (CNG) or the liquefied
natural gas (LNG) commonly used in natural gas vehicle
(NGV) has been promoted to reduce pollution and CO,
emission from boats' engine. Modification of fishing
gear construction and design should be pursued to reduce
resistance during fishing operations or reduce travel time
from shore to fishing grounds.

Furthermore, it is also vital for the Southeast Asian
countries to advance the production of fish and fisheiy
products in tenns of safe and good quality standards in
order to promote the region's fish and fishery products
in the world market, and eventually boost the flow of
foreign currency into the region's economies, as well as
increasing the availability of fish and fish products for
human consumption. Therefore, sustainable development
infisheries post-harvest technology could alsobe enhanced
by minimizing the fuel consumption for refrigeration
or that of the boat's auxiliary engine through good fish
handling processes and presei-vation onboard, and proper
local knowledge practices. The use of ice and chilled sea
water, practicing traditional method of fish processing
such as the use of solar energy, should also be advanced
to reduce the use of charcoal and fuel in processing.

4.7 Safety at Sea and Standards for Fishers in
Southeast Asia

The global Code ofConduct for Responsible Fisheries has
prescribed in 8.1.5 that; "States should ensure that health
and safety standards are adopted for everyone employed
in fishing operations. Such standards should not be less
than the minimum requirements of relevant intemational
agreements on conditions of work and seiwices". Taking
into consideration the situation in the Southeast Asian

countries, the Regional Guidelines for Responsible
Fishing Operations in SoutheastAsia (SEAFDEC, 2000)
specifically stipulated in (8.1.5 (1)) that: '"Since the
minimum requirement in relevant international agreements
including SOLAS and IMO is only applicable to vessels
larger than 24 m LOA, and considering that majorit}' of
fishing boats in the region is smaller than this size. States
should be encouraged to elaborate special safety standards
and policies with emphasis on smaller boats''\

Taking into consideration the small-sized fishing boats in
the Southeast Asian region, the Regional Workshop on
Safety at Sea for Small Scale Fishing Boats in Southeast
Asia held in 2003 and 2010 (SEAFDEC, 2010c),
recommended that "Since safety at sea is a seriousproblem
in developing countries, the initiatives of respective
Southeast Asian countries in improvingsafety at sea for
smallfishing boats should be reviewed taking into account
the international and regional initiatives on safety at
sea''. The 2010Workshop alsomade special focus onthe
establishment ofa mechanism for recordingthe accidents
at sea for fishing boats, and on the need to improve the
fishers living conditions onboard fishingboats (Box3).

Moreover, even if the Southeast Asian countries have

been implementingmeasures to improve safety offishing
boats and fishers, there is still a need to generate political
will in order that such efforts could be further enhanced.

Thus, the 2010 Workshop called upon the governments
to mainstream the safety issues into national policies in
order that safety at sea couldbe integrated in the overall
fisheries management with the recommendations during
the 2010 Workshop (SEAFDEC, 2010c) as the overall
framework, andthatappropriate programs onSafety atSea
should also be pursued by the Southeast Asian countries.

Note should also be taken that in order to promote and
address safety atseaincluding working condition onboard
fishing boats toensure thattheconsideration that appeared
in Box 3 are addressed, a series of activities have been
initiated and implemented in the region. These include,
among others, development of regionally harmonized
forniat for recordingaccidentat seaofsmallfishing boats;
productionof awareness building materials forpromoting
safety at sea of small fishing boats; development of the
regional guidelines on safety at sea and working standard
for small fishing boats; establishment of the regional
network to strengthen inter-agency coordination on
safety at sea and working standard offishing boats in the
Southeast Asia.

5. AQUACULTURE

Aquaculture contributed 38% tothe world's total fisheries
production of 145 million MT in 2009, and has become
the fastest growing food producing activity in the world
with an average annual growth rate ofmore than 8% from
1970 to 2008 (FAO, 2010). Aquaculture has also grown to
be a robust and vital industry providing about 46% ofthe
fish consumed globally, and with its ancillary industries,
engaging about 11 million people and spumng global trade
of fish and fishery products.

While global accounts show remarkable milestones for
aquaculture, the scenario in Southeast Asia suggests a
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Develop appropriate incident reporting and investigation
systems for the purpose of improving safety at sea, taking
into account the following considerations:

The draft Guidelines to Competent Authorities in
Implementing an Accident Reporting and Analysis
System for Small FishingVesselscurrently being
developed by FAO;
The possible establishment of incentives for fishers,
indemnity programs, registration systems for fishing
vessels, MCS systems and subsidies to the fishing
industry; and

- The objective of the systems which should be
appropriate to the size of vessels and types of fishing
operations or facilities onboard.

Promote the registration of small fishing boats.
Promote and ensure that safety aspects, including
considerations on the working conditions and socio
economic development, are incorporated and addressed
by concerned authorities while improving monitoring and
control of the status and useof small scale fishing vessels.
Strengthen local authorities and local organizations and
promote the application ofsafety at sea standards among
the coastal communities.
Promote technical and financial support from authorities,
including subsidies, at all levels for issues of safety at sea,
including considerations on working conditions and socio
economic development.
Identify and promote the basic requirements for safety at
sea in the following areas:
- Research on the design and construction of small

fishing boats including the modification of traditional
types of boats;
Safety equipment including fire fighting and live-
saving appliances, regular maintenance and repair of
boats, gearand equipment; and
Development of regular boat inspection systems.

Implement training and education programs for all
stakeholders including the fishers, family members, boat
builders and others, for basic requirements of:

Boat design and construction;
Equipment and its correct use (including avoidance of
dangerous fishing practices);
Search and rescueoperations;

- Occupational health, working conditions and safety
awareness; and

- Awareness of the environmental factors.
Promote awareness among policy makers, central
authorities and the broader public on thesafety hazards
facing people involved in fisheries in order to:

Attract more attention and resources to be allocated
to safety at sea aspects;

- Provideknowledge on the working conditionsand
hardships faced by fishers (which are increasing
following the impacts of climate change); and
Raise political will to address safety at sea and in
strengthening the local organizations.

Develop and promote the use of appropriate
communication systems for:

Weather forecasting information; and
Search and rescue systems.

more challenging appraisal. Aquaculturc in theregion has
undeniably cased the supplyand demand gap for fish for
domestic consumption, and has also benefited the export
sector that revved upeconomic development inthe region.
Of the world's aquaculturc production of 55 million MT
in 2009. about 91% came from Asia, of which 17% was

produced by the Southeast Asian countries (SEAFDEC,
2010). While direct engagement in aquacullure is not
the only indicator of its contribution to the economic
development, aquaculturc in the Southeast Asian region
is expected to contribute towards the holistic development
of rural communities.

5.1 Integrating Aquaculturc in Rural
Development in Southeast Asia

The incidence of poverty remains high in the rural areas
ofmany Southeast Asian countries (Table 58). Thus, most
rural development programs are generally envisioned to
address poverty, food insecurity, nutritional deficiencies,
insufficient livelihood alternatives, limited human skills
and environmental degradation that drag economic
growth and hinder improvement of the societal welfare
in rural communities. Therefore, the role of aquaculturc
in contributing towards rural development needs
critical analysis while relevant strategies for integrating
aquaculturc in mral development should be detemiined
and implemented.

Considering the scientific and technological breakthrough
attained in aquaculture for the past three decades, the
sub-sector is being challenged on its role in uplifting
the welfare, and in particular, securing food and the
livelihoods of rural folks. The most common questions
being asked these days arc: Has acjiiacuhurc hcnefited
the marginalizedfisherfolk who depends on the aipiatic
resources for their food and livelihood? Are there
specific policies that address the issues ofenvironmental
degradation and social inecjuities in rural communities
resulting from the rapid development of acpuiculture?
How is the impact of climate change in rural ac/uatic
communities being addressed by R&D institutions and
government policy makers? Nonetheless, there seems to
be more questions than answers considering that data and
information remain limited and yet to be organized for
most countries in the region.

S.I.I Aquaculture and Rural Development in
Southeast Asia

Why is aquaculture being challenged to pay attention
to rural development in Southeast Asia after decades ot
remarkable production growth rates and profitability?
What has transpired in the sector? FAO (2010) noted
that the level of development of aquacullure has varied
widely across nations, with positive bias towards countries
and localities where private entrepreneurs have been
successful or where growth was driven by the capital-
rich private sector. A review of literature in aquacullure
conducted through a commissioned sludy by FAO in
1997 "Aquaculture Economics in Dev eloping Countries:
Regional Assessments and an Annotated Bibliography"
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Table 58. Incidence of poverty in selected economies in
Southeast Asia, 1997-2002 (%)

Cambodia 1999 35.9 18.2 40.1 93.8

Indonesia 2002 18.2 14.5 21.1 70.3

Lao PDR 1997 38.6 26.9 41.0 80.7

Malaysia 1999 7.5 3.4 12.4 69.3

Myanmar 1997 22.9 23.9 22.4 70.4

Philippines 2000 34.0 20.4 47.4 72.4

Thailand 2002 9.8 4.0 12.6 91.3

Vietnam 2002 289 6.6 35.6 92.3

SourceMs/an Deve/opmenf Bank (2004)

(Charles et al., 1997) revealed that majority of the studies
focused on the evaluation of aquaculture production
systems or farm-level economics that aimed to find the
most efficient techniques to culture fish. Various culture
techniques have been developed and vcrilied either in
paddies, fresh and brackishwater ponds, reservoirs,
irrigation eanals, tanks, cage nets and pens in freshwater
and marine water bodies. Various species combination
and agri-aquaculturc integration have also been studied.
The most economically efficient methods under different
culture scenarios have been determined and promoted
through aggressive extension methods. Credit packages
have been offered to national governments down to
local entrepreneurs to boost aquaculture investments
and development. Rural areas have been host to various
aquaculture systems and have witnessed the conversion
of its landscape to suit the most technologically suitable
and eeonomically viable aquaculture operations.

Despite the increase in world aquaculture production, the
benefit distribution from aquaculture was not a prominent
consideration in rural development planning not until
the onset of the new millennium. The human dimension

of aquaculture has since then became a focus of policy
and government programs to concurrently address the
food security and poverty question more upfront than in
previous years. Most governments in Southeast Asia began
providing institutional and infrastructure support to rural
communities to enable access to resources such as land and

water, integration of production systems {fish breeding,
nursery and grow-out), (iovernments in the region also
got involved in the development of input markets and
post-harvest and value-adding facilities that arc accessible
for resource poor households in rural areas (Ahmed and
Lorica, 2()()2). The issues of environmental degradation
and the resource use confficts of the late 1980s and early
1990s had governments re\ iewing their policies and taking
steps to address such issues.

Possibly arising from this redirected attention, a more
recent study noted some contradictions to what has been
suggested in earlier literatures about the inequalities
brought about by aquaculture. Irz, et al. (2007) noted
that aquaculture demands a large number of relatively
unskilled labor which in the context of rural communities

ofTer opportunities for employment, either directly or
indirectly in fish farming and post-harvest activities. Poor
households engaged in aquaculture obtain larger portion
of their income from fish fanning than the non-poor and
those doing other fonns of fanning. Since aquaculture
is suggested to be inequality-reducing, policy-makers
and local government units in inland aquatic and coastal
communities who aim to counter poverty should give
attention to the effects of adopting new policies and
aquaculture technologies. Nevertheless, theseresultscould
be limited to situations where aquaculture is donewithout
compromising the environment, as this will change the
impact of evaluation outcomes.

Furthermore, recent gender studies in the mid-1970s
to early 1990s showed evidences aquaculture provided
avenues to enhance the role of women in rural areas as

owners and managers ofaquaculture enterprisesaswell as
active participants in community-management of fishery
resources aside from being homemakers. Although issues
on environmental degradation and resource use conflicts
of the late 1980s and early 1990s had been reviewed
by the governments, valuation assessment of natural
resources that could influence policies on sustainable use
of fishery and aquatic resources in rural setting remain
insufficient. Issues on how climate change will impact
people and aquaculture in rural development should also
be studied, requiring equalattention considering thevery
fragile but important connections between people and the
environment in airal communities.

5.1.2 Integrating Aquaculture in Rural
Development: Issues and Opportunities

Expressedin gi'oss domestic product (GDP), the economic
growthinSoutheast Asiaduring thepastdecades hasbeen
remarkable, with GDP in 2002 of 4.7% compared to the
whole ofAsia (3.2%) andthe world (2.4%). In 2000-2002.
the average contribution ofagriculture including fisheries
to GDP was 13.8% which was much higher than the whole
ofAsia (7.9%) and the world (5.1%). Empirical data show
that although economic growth reduces poverty, however,
poverty still persists in rural Southeast Asia, where about
70-90% ofthe poor come from the mral areas. Moreover,
in most fishing communities in Southeast Asia, the rural
poor have limited access to land and water resources,
technology, services, capital, markets, and centers of
governance.
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Aquaculture has big potentials in alleviating poverty
and attaining food security, as it can provide food
of high nutritional value especially for women and
children, livelihood and "own-enterprise" employment
opportunities, and incomes from sale of relatively
high-value species. The sustained promotion and wider
adoption of aquaculture among fishing families will
resultinpositiveimpactsespeciallyimprovinghousehold
food security. Thus, aquaculture as a supplier food and
tradable goods has the potential of improving the food
and nutritional security ofpeople inthree ways, namely:
(1) adoption-income linkage; (2) adoption-employment
linkage; and (3) adoption-consumption linkage (Ahmed
and Lorica, 2002).

Although adoption ofappropriate aquaculture technologies
may beslow among the rural folks, empirical evidence in
Vietnam, Philippines, and Lao FDR shows that aquaculture
has been providing additional income to the poor. The
impact of aquaculture on employment including wages
is not well documented except for some aquaculture
economic analysis that indicates a ratio of onetechnician
^ every 5ha ofponds. In one Mariculture Park in southern

technician ishired forevery 1-5 unitsof
s cages. Self-employment in seaweeds farming has also
emonstrated abig potential, especially considering that

amost all seaweed farms in the Philippines and Indonesia

th^ Abundant labor in rural areas can
b tapped to supply the needs of aquaculture,
u ® for hired labor in aquaculture enterprises

should be documented.

The consumption effects ofaquaculture depend on many
factors such as price, and consumer taste and preferences.

ig value species such as crustaceans is more price
elastic and has high rate of substitutability compared to
ow value species like tilapia. The consumers, especially
in developed western countries have become health
onscious in their eating habits. Fish is considered as a
ealth food and consumption is expected to increase in

both fish producing and fish importing countries. Home
consumption of aquaculture production is estimated to
be 30-40% in Bangladesh (Gupta in Ahmed and Lorica,
2002), while in Tonle Sap in Cambodia, small-scale
aquaculture provides food for families and incomes from
excess production for sale.

Traditions and practices associated with aquaculture in
rural areas generate some important nutritional benefits
or households that engage in various ways in aquaculture.

^ practice of allowing the collection of "free fish"
or residual and non-target species after harvest by the
young and the poor in the communities happen to provide
fish food and nourishment. These benefits are highly
appreciated by many rural residents in the Philippines,

although occasional and limited (Irz et al„ 2007). This
shows an example of non-market mechanisms in the
practice of aquaculture in rural communities making fish
available and improving the nutrition ofpoor households.

Many of the developing countries have moved away
from the centralized strategic approach to development
that received heavy emphasis in the 1950s and 1960s.
Since government services and control have not reached
remote areas especially the fishing communities, such
situation led to mismanagement and destruction of
the fishery resources. As a result, paradigm shift from
central governance to a decentralized form of resource
management has been adopted by many Southeast Asian
countries {e.g. Philippines, Indonesia, Thailand, and
Cambodia). The shift to devolve government control of
fishery resources is a responsive act towards addressing
the issues regarding property rights arrangements over
bodies of waters for fishing and aquaculture.

Since marine and freshwater bodies are technically state-
owned, theybecome an"open access" property whereany
individual or entity can undertake personal and enterprise
activities. The open access nature of the fishery resources
does not augur well for the security of small-holder fish
farmers. With devolution and decentralization, local
govemment units are now in better position to provide
policy support in the management the coastal waters and
inland bodies of water through enactment of ordinances
indicating the zone for exclusive use of fisherfolk for
aquaculture livelihood. In addition to policy support,
government should provide technical and extension
services, market accessing and guides to micro-financing
schemes, anddisaster-preparedness mechanisms because
of the vulnerability of coastal dwellers to the impacts of
climate change. As a matterof fact, one of the key reasons
for the flourishing aquaculture industry driven by the
private sector in one jurisdiction but not in the others is
governance (FAO, 2010) because in the past two decades
considerable progress has been made in addressing
aquaculture governance issues. This progress has been
made possible by an international corporate effort and
by several nations that have pushed for the aquaculture
agenda forwards in an orderly and sustainable manner
through good governance.

One of the major impediments in promoting aquaculture
for food and livelihood in rural Southeast Asia is the
inaccessible and unaffordable financial packages for
small-scale fish farmers. Some governments in the region
have provided subsidies such as interest-free loans to
farmers to boost adoption of agricultural technologies.
However, many such programs are not self-sustaining and
subsequently failed because of poor repayment rates. The
traditional collateral-based lending schemes ofbanks also
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donot meet the financing needs ofrural fanners, especially
the fishers in island communities without material and

financial assets (Farrington ct a/.. 1997). A relatively recent
development is the entry of NGOs in the lending ofcheap
and accessible loans to break the barriers faced by the rural
poor in accessing formal financing packages. The micro-
financing innovations introduced by some NGOs appear
to be more promising than previous attempts to induce
lenders to serve this clientele group, where the scheme
heavily relies on the social assets of individual borrowers
and the community. Such micro-financing scheme
engages a group of 5 to 15 individuals, each of them
accountable to the loan repayment failure of any member
of the group. This scheme has generally worked and has
induced collective action among the group ofborrowers in
protecting the group's interest. The loan is usually short-
termwhich covers the production cost for one production
runwhere its utilization is often supeiwised by the lending
agency. For example, to avoid misuse of loans, some
NGOs supply the inputs (seed and feeds) needed bysmall
fish farmers the costs of which are charged to the loan,
which is payable upon harvest. This way, loans are used
for fish farming livelihood activities insteadof other non
productive purposes which could result to non-payment
of the loans. Nevertheless, one big challenge is for the
government and private sector to invest in infrastructure
and ancillary services, cold storage, processing
plants and other downstream investment to support the
marketing of the produce of aquaculture farms, big and
small. Public-private partnership investment modalities
should be encouraged for long-term capital investments
to upgrade production and processing facilities to meet
the growing global fish market.

Mainstreaming the rural communities into the aquaculture
industry will require building their capacities to adopt
appropriate aquaculture technologies. However, most
countries in the Southeast Asian region are constrained
by many factors, which include; ineffective govemment
extension programs; lack of facilities and logistical
support; inadequate and ill-prepared extension workers
because of the lack of skills and knowledge on new
aquaculture technologies; lack of "easy-to-understand"
information materials on aquaculture and ineffective
delivery systems to the rural folk; and remoteness of rural
areas from knowledge centers such as government and
private facilities.

In 2008, SEAFDEC" with support from the ASEAN
Foundation initialed and implemented a project on
"Human Resources Development (HRD) for Poverty
Alleviation and Food Security by Fisheries Intervention
in the ASEAN Region", which had rural aquaculture as
one of the thematic areas. Under the rural aquaculture
portion, training was conducted on two phases, with the

first phase focusing on "Trainers' Training" conducted at
the Tigbauan Main Station of AQD in Iloilo,Philippines
for selected senior fisheryextensions workers representing
the Southeast Asian countries.

The second phase involved on-site training courses in
eight countries, which had been facilitated by the Senior
Extension Officers who participated in the Trainers'
Training with experts from AQDproviding the technical
assistance. Moreover, AQD also implemented a project
on "Institutional Capacity Development for Sustainable
Aquaculture (ICDSA)" topromote appropriate aquaculture
technologies for improving the livelihoods of fishing
communities through strategic partnership with "on-
the-ground" institutions such as local govemmentunits,
fisherfolk organizations, NGOs,micro-financecompanies,
and schools of fisheries. A "Season-long Training"
approach was adopted in order that the fisherfolk could
experience the full aquaculture production cycle including
post-harvest and simple value-adding techniques. An
important component of the training program is the
establishment of demonstration set-ups {e.g. fish culture
in cages, pondsandothersystems) where theaquaculture
system to be introduced to communities could be
demonstrated for its technical and financial viabilities.

Impact assessments are then conducted to determine
the effectiveness of technology transfer strategy to rural
folks in adopting aquaculture as a sustainable livelihood
altemative and source of food.

Climate Change

Sea level rise is expected to reach 1.0 mormore by2100
due to global warming, glacier melting, and accelerated
decline in polar ice sheet mass. The resulting disastrous
impacts on low elevation coastal zones are certain, but the
ability ofsociety to cope via adaptation remains uncertain.
Moreover, observations on climate change show that
rapid environmental change has coincided with shifts in
the food web fi"om its base to the apex. This complicates
the management and protectionof marine resources that
havedirectnegative impacts oncoastal communities. The
climate change phenomena havebeen observed in many
SoutheastAsian countries through flash floods, increase
in sea levels andtemperature, stronger waves, and longer
dry season. Therefore, there is a need to conduct social
research on the vulnerability and resiliency ofthe small-
scale fish fanners on the impacts ofclimate change which
will not only affect their aquaculture livelihood but may
endanger the safety of their families. In order to know
the adaptive mechanisms for reducing or mitigating the
effects of climate change, technical research should also
look into the aquaculture systems and species that have
better chances of withstanding the negative impacts of
climate change.
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5.1.3 Perspectives in IntegratingAquaculture in
Rural Development

Taking into consideration the issues and constraints
faced by the aquaculture industry, especially on the need
to enhance the role of aquaculture in securing food and
income which is critical in rural development in the
region, iht ASEAN-SEAFDEC Conference on Sustainable
Fisheriesfor Food Security Towards 2020 "Fish for the
People 2020: Adaptation to a Changing Environment"
in June 2011 in Bangkok, Thailand adopted the new
Resolution and Plan ofAction on Sustainable Fisheries
for Food Security for the ASEAN Region Towards
2020. Included in the new Plan ofAction is a provision
on aquaculture which stipulates the guideline for the
development of programs, projects and activities for the
implementation of thenew Resolution. The provisions in
the Plan ofAction specific for aquaculture are expected
to compliment and update existing technical guidelines,
policies and regulations in the practice and promotion of
aquaculture in the Southeast Asian region (SEAFDEC,
2011b). Thus, the relevant future directions in the new
Plan ofAction could broadly beclassified into: enhancing
support for sustainable aquaculture in national through
to local programs and policies; motivating governments
to mainstream aquaculture in rural development; and
applying precautionary and ecosystems approach in
aquaculture. The new Plan ofAction also enjoins that
national programs and policies on aquaculture in the

outheast Asian countries should address the pressing
social, economic and environmental aspects ofsustainable
aquaculture that directly impact rural development, i.e.
t at aquaculture programs should contribute to improved
ood security, livelihoods, employment and poverty

alleviation. Such programs should envision to: provide
t e mechanisms and enabling environment for good
aquaculture practices, efficient markets and fair trade;
strengthen the capacity ofsmall-holder farmers; and
promote inter-agency collaboration.

Meanwhile, measures to manage the sustainability of
aquaculture will include the implementation ofstrategies
at the national and local levels to monitor and regulate
aquaculture operations, prevent its over-development,
and ensure that aquaculture practices are conducted in
a nianner that will not compromise the environment
(^FaR-philMINAQ, 2007). In particular, governments
ft all levels have been encouraged to integrate aquaculture
'"to rural development planning within the context of
"joltiple uses of land and water resources, as well as
the strengthening of inter-agency coordination in policy
"•""lulation, project planning and implementation,

stakeholders consultation, extension services and
technology transfer. Mainstreaming aquaculture in rural
development requires the participation and support ofthe
governments to regional initiatives that will assess the

S'

role ofaquaculture in poverty alleviation for better policy
formulation. In addition, in order to realistically integrate
aquaculture activities in community development plans,
compliance to national employment practices, facilitation
offinancial incentives and credit schemes, and promotion
ofinvestments in ancillary and other support structures to
motivate aquaculture enterprises are also stipulated in the
new Plan ofAction. Moreover, public-private modalities
to catalyze integration ofaquaculture in rural development
are also encouraged.

Recently, the FAO together with regional and national
partner agencies has been promoting the precautionary
approach through the ecosystems approach to fisheries
management (Christie et al., 2007). This principle in
effect applies a preventative approach to safeguard
the environment from rapid development of offshore
aquaculture, and likewise consider development of
regional guidelines on responsible marine (inshore and
offshore) aquaculture. In rural development scenarios,
a precautionary and ecosystems principle will benefit
protective and conservation measures that are critical
in the practice of aquaculture in fragile environments.
Natural resources are very critical and often fragile, assets
being used for generating economic benefits in rural
communities. Ecosystems approach therefore beneficially
magnifies the interconnectedness between the human
and ecological dimensions in the utilization of natural
resources in aquaculture in rural areas.

The fundamental way forward in integrating aquaculture
in rural development in the Southeast Asian countries
is to collaborate through organizational networks in the
promotion and implementation ofthe new Plan ofAction.
The technological breakthroughs and economic benefits
from the growth and success of aquaculture in the region
cannotbe emphasized if aquaculture cannot significantly
contribute to rural development. For several decades now,
aquaculture technology has been introduced in many
communities in inland aquatic resources and coastal
areas in the region. However, the social dimension of
aquaculture in improving the welfare ofthe poor in rural
communities has been below par. Thus, while CCRF
which stipulates sustainable aquaculture development in
Article 9, remains to seek voluntary compliance, where
govemments at the national through to local levels would
benefit from referring and adhering to the recommended
aquaculture practices (SEAFDEC, 2005).

For most countries in Southeast Asia where rural
development in inland aquatic and coastal areas
is hampered by overfishing and lack of livelihood
opportunities, the options could be diverse but should
be coordinated. Since there is a need for aquaculture
to be mainstreamed in the rural development planning,
govemments and development planners at the national
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through the local level should hamioniously ensure that
their fisheries and aquaculture development policies
include the need to: encourage optimal use of harvest
from capture fisheries; reduce post-harvest losses;
and enhance aquaculture benefits by engaging and
supporting rural communities in farming and processing
fish to generate local nutritional and economic gains.
Support from governments should also include: cohesive
and comprehensive policies and guidance to promote
responsible aquaculture including generous measures
for mitigating impacts of climate change to small-holder
aquaculture livelihoods initiatives; development and
implementation ofsupervised micro-financing schemes for
small-holder aquaculture entrepreneurs; and aggregation
of small-scale producers to facilitate participation in
market and trade.

5.2 Good Quality Seeds for Aquaculture

World fisheries production was estimated to have reached
145.1 million MT in 2009 ofwhich 55.1 million MT came
from aquaculture (FAO, 2010). In addition to China,
the major contributors to global aquaculture production
from Southeast Asia are Vietnam, Indonesia, Thailand,
Philippines, and Myanmar. Production from Asian
aquaculture accounted for about 89% ofworld's production
from aquaculture. Although noted to bea relatively young
food production sector, annual aquaculture production has
rapidly increased from 1.0 million MT to 50.2 million MT
after six decades (FAO, 2010). Aquaculture production
covers not only freshwater and marine fishes, cmstacean
and molluscan species but also includes aquatic plants,
mostly seaweeds. Breeding and culture requirements for
most of the commercially important aquaculture species
especially those found in freshwater environments have
been well studied (Siriwardena, 2007) thus accounting for
a steady growth in production. Ironically though, in many
Asian countries, several species that are economically
valuable are not indigenous. Tilapia for instance, is a
major national aquaculture product in the Philippines,
Indonesia, Thailand, Malaysia, and China. In the last five
years, apart from tilapia, the whiteleg shrimp {Penaeus
vaunamei) from the U.S.A. became a major culture
species in Southeast Asia replacing the black tiger shrimp
(F! monodon). The interest in whiteleg shrimp can be
attributed to the fact that the shrimp industiy was in need
ofaspecies which when cultured, can earn profits that may
be enough to compensate for the losses in tiger shrimp
production brought about by disease problems.

5.2.7 Status ofSeed Production

Aquaculture production is mainly reliant on seed
availability. Seedstocks for the aquaculture of different
species could be obtained from the wild or from captive
stocks in hatcheries (Appendix 2). For species with

undetermined or no established breeding technologies,
and possibly low seed production capabilities, thesource
of seedstock will be a limiting factor as commercial
production would depend entirely on wild seeds. Seed
production is primarily affected by several factors, fi^om
genetic to non-genetic or extrinsic causes such as the
presence ofdiseasesand sub-optimal hatcheryandnursery
methods or extreme changes in the environment. However,
low seed production in the hatchery can be improved
particularly if appropriate interventions are made. For
some species such as catfish in Cambodia, milkfish
and grouper in Indonesia, tilapia in the Philippines and
Malaysia, grouper and sea bass in Thailand as well as in
Vietnam, and shrimp in Malaysia,MyanmarandVietnam,
aquaculture productionis constrained by seedsupply and
quality (Hishamunda et al,. 2009).

5.2.2 Issues and Concerns

A logical solution to the issue of decreasing aquaculture
yield caused by poor survival and slow growth is to use
goodqualityseedstocks. Quality seeds arefish fingerlings,
crustacean post-larvae, molluscan spats oraquatic plantlets
that are robust or hardy apart from having the same
beneficial traits suchas thecapacity to grow fast, tolerate
stress and feedefficiently as thecasemaybe.Good quality
seeds can be intentionally produced through the use of
good quality spawners; suitable broodstock maturation
diets; appropriate broodstock management methods that
can minimize inbreeding; conventional selection suchas
hybridization, mass selection, within family and family
selection, or combined selection; genetic manipulation
methods; and improved hatchery and nursery rearing
protocols.

For aquaculture in the Southeast Asian region, genetic
methods have been employed through major selective
breeding programs and several of these technologies
have been known to generate improved stocks that are
either in the process of field testing or have already been
disseminated. For example, the Nile and red tilapias,
some carps, Clariid catfishes, penaied shrimps, abalone
and seaweed species have been the subject of genetic
improvement research in Asia although in varying levels
of development and adoption (Appendix 3).

Nevertheless, some countries have considered genetics
as an important component in improving quality ofseeds
and as such have designated national genetic improvement
centers to undertake research to further improve aquatic
breeds. Indonesia forone, has assigned institutes specific to
species, e.g. Sukabumi Aquaculture Development Center
and Bogor Research Institute for Freshwater Aquaculture
are designated to do genetics research on tilapia, catfish,
carp and gourami, and other centers to engage in grouper,
seaweeds and tiger shrimp improvement. Apart from these

K1
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research centers, broodstock multiplication centers and
a nucleus breeding center especially for non-indigenous
species such as the whiteleg shrimp have also been
established mainly to reduce dependence on imported
broodstock (Sugama, 2011). Except for tilapia, the impact
of the numerous genetic programs that aimed to develop
growth-enhanced, stress tolerant and/or disease resistant
species have yet to be evaluated in terms of their direct
impact on increased aquaculture production and the
gains derived from using the improved seedstocks on
commercial farming need to be quantified.

It is recognized that improved reproduction and
consequently, good quality seedstock are likewise
achieved by nutritional intervention. SEAFDEC/AQD
through its numerous research and verification studies
involving fish and shrimp feed development, has
determined thenutritional requirements intheformulation
offish/crustacean broodstock diets that promote enhanced
reproduction. This also contributes further to the fact that
apart from genetics, appropriate or best management
protocols orthe adoption ofoptimal husbandry techniques
for rearing potential broodstock as well as for hatchery
and nursery operations also help improve seed yield and
quality.

Challenges and Future Direction

Aquaculture seedstock are produced by both public and
Pnyate hatcheries. In many SoutheastAsian countries, fish
and prawn hatcheries are normally based on small- and
backyard- scale operations (Tayamen, 2007). Traders serve
as the link between farmers and hatchery operators where
often when the seedstocks available from one hatchery do
not meet the requirements or demand from prospective
grow-out farmers, the trader procures seedstocks from
various sources. This arrangement inevitably affects seed
quality as seeds would come from different farms and
subsequently on-farm performance and yield would not be
what the farmer would expect. To ensure quality of seeds
that would be in compliance with industry standards, seed
certification standards should be defined and imposed, a
concern which some govemments in Southeast Asia are
now trying to address. Countries like the Philippines,
still need to formulate and implement seed certification
standards while Vietnam and Indonesia, have been
imposing regulations to ensure seed quality. Hatcheries
such as those operated by large-scale investors, implement
strict seed quality standards and dissemination schemes
as required by genetically enhanced stocks. In addition to
seed standards, these farms follow biosecurity measures
on-farm, and this is especially true for disease-resistant
und disease-free shrimp seedstock. Ideally, to protect

genetic integrity of premium seedstocks developed

s '

through known genetic improvement programs, grow-out
farms which receive the improved seedstock would need
to ensure that there would be no other unselected stocks
on-farm to avoid unintentional mixing of seedstocks for
culture. One of the main challenges in the production
and distribution of quality seedstocks would be keeping
the genetic quality and integrity of the seeds used in
aquaculture (Romana-Eguia and de Jesus-Ayson, 2011)
and addressing most of the problems in the development
and production of quality seedstocks in the Southeast
Asian region (Appendix 4).

As reported, an estimated 10% of the seedstocks used in
aquaculture technically come from known genetically
enhanced stocks. The lack ofbetter seeds or lack ofaccess
to the same could either be due to flaws in the distribution
chain inthatfarmers stillhave limited accessto genetically
improved seedstocks. It is also possible that knowledge
about potential sources ofgood stocks or strains, optimal
breeding, hatchery and nursery methods, selective
breeding techniques or simply efficient broodstock
management schemes to maintain genetic integrity in farm
stocks, has not reached the farmers who are the ultimate
end users. One way of addressing these issues would be
to build and/or further strengthen public-private sector
partnerships. Establishing and maintaining links among all
the major players in the seed production and distribution
chain would basically be part of the responsibility of
national govemments.

Grow-out operators who can afford the better seeds
which are sold at premium prices can choose to get
them from private/commercial hatcheries that are able to
adopt advanced genetic technologies. Meanwhile, both
small-scale farmers and hatchery operators can seek the
assistance of the government for capacity building to
facilitate farmers' adoption of new simple technologies,
access to quality broodstock and seeds produced through
farmer-friendly broodstock management methods, and
establishment ofeffective distribution linksor channels to
enable continuous production and profitable dissemination
of better seeds (Mair, 2002).

Finally, the best way toproceed would befor scientists to
pursue research on existing genetic resources, particularly
on how to improve the seeds to be used in aquaculture.
For all the key players, from researchers, individual
farmers and farmer clusters, academic organizations,
industry and govemments, there is a need to establish
links to collectively address genetic issues, support sound
policies and promote the implementation of better farm
management practices to improve the supply of quality
seeds and sustain aquatic food production in the region
(Little et al., 2004; Little et al., 2007; Siriwardena 2007).
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5.3 Disease Diagnosis, Control, Monitoring
and Surveillance of Aquatic Animals

Aquaculture has always been a major part ofthe economic
strategy adopted by many Southeast Asian countries for
reducing poverty in view of its great potentials to fill the
gap between supply and demand for fish and fish products
especially the role that it has maintained as an important
producerofhigh quality protein for domestic consumption
as well as a major generator of export earnings. However,
the continuing population growth, the decline in marine
fishcatch, and the widespread poverty in the rural areas of
the region make it imperative that sustainable aquaculture
be promoted to ensure food security. In fact, aquaculture
in Southeast Asia has grown very rapidly especially
during the last two decades, but due to irresponsible
introduction of aquatic species that allegedly carried
pathogens, a large number of infectious diseases have
emerged threatening the sustainability of aquaculture in
the region. The occurrence of aquatic diseases has not
only led to low production but has also threatened food
security and raised alarming environmental concerns
(Ogata, 2009). In a brave attempt to address the issues,
a regional project on fish disease was implemented at
SEAFDEC/AQD in lloilo, Philippines since 2000 with
funding support from the Trust Fund Program of the
Government of Japan's Fisheries Agency (JTF). Phases
included in the Project are the Development of Fish
Disease Inspection Methodologies for Artificially-bred
Seeds which focused on the development of diagnostic
methods for important viral diseases ofaquatic animals in
theregion and Development of Fish Disease Surveillance
System which aimed on the development of surveillance
system for diseases of aquatic animals. Also, another
phase of the project which is still on-going is the Food
Safety of Aquaculture Products. Through this Regional
Fish Disease Project, trading of healthy and wholesome
aquaculture products has been promoted in the Southeast
Asian region (SEAFDEC, 2008a).

5.3.1. Status^ Issues and Concerns

Important findings from the Project have been disseminated
to the countries in the region through hands-on training
and infonnation dissemination. Meanwhile, the countries
mthe region are alsoexerting efforts incontrolling aquatic
diseases to safeguard the quality of their products which
are meant not only for domestic consumption but also for
theexport markets. For its part, SEAFDEC would continue
to provide the means in order that the objectives of the
countries are attained and to ensure that the requirements
for safety and quality of the customers especially the
international markets are being complied with. However,
this would depend much on the available re.sources at
SFAFnFf

Development ofDiagnostic Methodsfor Important Viral
Diseases ofAquatic Animals

Through the SEAFDEC Regional Fish Disease Project,
diagnostic methodshave beendeveloped to ensurehealthy
and wholesome trading of aquaculture products in the
Southeast Asian region. Generally, there are 3 levels of
diagnostics: LevelI, whichprovides thefoimdation andis
the basis of higher diagnostic levels. It includes production
site observations, record-keeping andhealth management;
Level II includes the specialization of parasitology,
histopathology, bacteriology and mycology; and Level
III includes advanced specialization like immunology
and molecular techniques (Bontad-Reantaso et ai, 2001).
The SEAFDEC Regional Fish Disease Project focused
more on Level III diagnostics. As a matter of fact, the
implementation ofthe Projectwas alsoanopportune time
to prevent the spread and control of an emerging viral
diseaseof common carps known askoi herpesvirus (KHV)
which almost devastated carp production in the region.
The timely efforts of SEAFDEC to address such concern
had ensured the sustainability of carp culture, a major
economic livelihoodin manySoutheast Asian coimtries.

The main activities of the Project aimed to address the
concerns related to the reported viral diseases including
emerging ones in cultured shrimp and fish in Southeast
Asia, such as the white spot syndrome virus (WSSV),
monodon baculovirus (MBV) of the black tiger shrimp
{Penaeiis monodon). the taura syndrome virus (TSV)
and infectious myonecrosisvirus (IMNV)of thewhiteleg
shrimp {Penaeiis vannamei) (Nagazawa, 2004). WSSV
was in fact one of the root causes of the devastation of
the shrimp culture industry thatbrought acute economic
slow-down in Southeast Asia in the 1990s and even
until now. This epizootic probably began in China then
subsequently spread to Japan, Taiwan and the rest of
Asia. Outbreak will cause a high and rapid mortality
which may reach 100% within 10 days from the onset
of clinical signs. Host range extends widely into other
marine and freshwater crustacean species, including
annelids, copepods and even aquatic insect larvae. This
persistence in wild crustacean species in the vicinity of
shrimp farms may make the disease difficult to eradicate
from affected aquaculture areas. Through the Project,
Level III diagnostic method such as the polymerase chain
reaction (PCR) was optimized and standardized for WSSV
(de la Pefia et ai. 2007). MBV is exemplified by problems
related toinfection that isusually encountered in hatchery
and grow-out operations because its outbreak can slow
the growth of the cultured animals. Level III diagnostic
methods have also been optimized and standardized for
MBV and hepatopancreatic parvovirus (HPV) in shrimp
(Catap et al.. 2003; Catap and de la Pena, 2005; de la
Pena et al., 2008). TSV was first recognized in Ecuador
in earlv 1990s where the disease caused heavy losses

S\ ^
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with a very high cumulative mortality rate ofaffected harveyi, acommon bacterial disease that has also heavily
cultured P. vannamei. It was not reported inAsia until after affected shrimp aquaculture in the Southeast Asian region,
introduction of P. vannamei in Taiwan in the late 1990s were also developed as alternatives for chemotherapy (de
ai^ was subsequently reported firom mostAsian countries Castro-Mallare et al., 2005). Results from the standardized
w ere Rvannamei were imported for aquaculture. IMNV diagnostic and husbandly methods for disease control have
IS co^i an emerging viral disease and its outbreak been disseminated tothe region through hands-on training

documented inBrazilian P. vannamei farms and massive information dissemination,
m2002. The virus caused low but steady mortality leading
to ^cumulated losses up to 70%. In mid-2006, IMNV E-learning on Principles of Health Management in

was reported in Indonesia (Flegel, 2009; Taukhid Aquaculture
and Nut ami, 2009). The legalization of the importation
ptjij several Asian coimtries including the Since 1988, AQD has been conducting classroom-based
estaW^h^^^ or aquaculture hastened the efforts for the face-to-face training courses on health management
PCRf^ diagnostic methods such as RT- in aquaculture on a regular basis at its main station in
are vew ° fi 1* ^^^S*tostic methods Tigbauan, lloilo, Philippines. Later in the early 2000s,
imported^tocks^*^ Po^t-border screening of the teacher-student face-to-face setting had been changed

into a distance-learning mode, which AQD considered
In marine fish ii u more convenient and practical for a learner to acquire
affect the an ' diseases that severely knowledge and skills in health management at his own
nervous region are the viral place and at his own time. This new learning experience
koi hemesvin?^iridovirus and also the via information technology was developed for the AQD
considered ^ freshwater fish. VNN is AquaHealth Online, which covers up-to-date knowledge
marine fish devastating diseases of on fish and crustacean diseases, the causal organisms and
stages wherein^*^*^ juveniles are the most affected the methods of disease prevention and control (Lavilla-
Iridovirus mav^ cause up to 100% mortality. Pitogo and Torres, 2004). Targeting full-time workingsuch as red seabr^ marine fish professionals, AquaHealth Online aims to introduce the
may reach 60% fi groupers wherein mortalities principles of health management in aquaculture, and is
Methods to detect and market-sized fish, envisaged that by the end ofthe course, online participants
in marine fish hat' control VNN infection should be able to recognize diseased shrimps and fish,
established (Paki ^ developed and identify the cause(s) of the diseases, explain how the
Pefia, 2010). Leve^fi/H^ 2010; de la diseases develop, apply preventive and control measures to
optimized and stand lessen the risks posed by the diseases, and use appropriatear ize or iridovirus. techniques for the preparation of samples for disease
The first outbreak of th id' diagnosis. The AquaHealth Online was developed to train
carp {Cyprinus car ' ^sease in koi and common a large pool of geographically dispersed participants at
disease (KHVD) waT'̂ herpesvirus minimum costs. Since its first session in 2002, AquaHealth
carps in Indonesia in 'mm caused mortalities in Online has trained more than 150 e-leamers not only from
potential threats f ^d* mJapan in 2003. With Southeast Asia but also from other regions in the world,
countries, SEAFDFr^vf^ Southeast Asian Based on the feedbacks from the e-leamers, AquaHealth
Project initiated str t ^ Ptsh Disease Online has proved that a state-of-the-art online coursethe KHVD. Kan ^ or the prevention and control of can be as effective as the face-to-face training. However,
incurred by (2005) cited that in 2003, the losses AquaHealth Online requires that participants should have
US$ 15 millionto the KHVD was more than basic knowledge of written English and competency in
important considering that common carp is an using the computers and browsing the Intemet.
Asia,Tha,T Southeast
studies on KHvr??^f• AQD to conduct Fish Disease Surveillance System
and devast^n virulence
sector. Lio-Po e/ freshwater aquaculture The Regional Fish Disease Project also focused on the
studies on KHVd' h ^ results of the development of Fish Disease Surveillance System in
Asian coiintri«„ u ncted at AQD that targeted five Southeast Asia to assist its Member Countries in theiri^sian countries; h a ' — uvc ouuineasi /\sia lo assist its jviemoer v.ouniries in lucn

the disease in th ^ P^^vided basic data on the status of efforts in fish health management. Both general and
transboundarv ^ prevention of the targeted surveillance were implemented; thus, anetwork
addition 'nSoutheast Asia. In of the region's resources and facilities for fish health
ornrobiofirc ^®^^niques (e.g. use of live bacteria diagnosis has been established while human capacityornrobiotics d" ^"*6' uiagnusis nas uccii csiaonsiicu wniit: iiunian capauiiy, j gj'cen water" culture system) to control building has been enhanced. During the implementationc uminous vi rosis caused by rih/io spp. such as Vibrio ofthe Project, AQD has continued to refine the diagnostic
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methods to be able to develop new prevention methods for
aquatic animal diseases. More importantly, a surveillance
system for important viral diseases for shrimps in the
region has been instituted. As a result, the countries have
developed a well-coordinated network for the timely
and efficient reporting on any outbreak of any aquatic
disease in the region as e.xemplified in the reporting of
KHVD which spared the region's freshwater aquaculture
sector from total economic collapse. As one of the most
significant outcomes of this Project, the countries in
the region can now boast of its regionally-recognized
reference laboratory for speeifie aquatic diseases.

In order to review the emerging fish diseases and to
keep the region abreast on the advances in pathogenesis,
diagnosis, epidemiology, and surveillance of emerging
diseases of aquatic animals the International Workshop
on Emerging Fish Diseases in Asia was convened by
SEAFDEC in December 2007 in Bangkok, Thailand.
Attended by more than 70 participants from 17 countries
including the Southeast Asian region, the information
obtained from the Workshop has largely contributed to
the promotion of responsible aquaculture in the region.
Moreover, the knowledge gained by Southeast Asian
countries on newly emerging aquatic diseases could boost
their efforts in preventing the occurrence and spread of
any aquatic diseases. Moreover, AQD has also updated
information related to fish disease management based
on considerable research findings achieved through the
implementation of the Project (Lio-Po and Inui, 2010).
This would then ensure that aquaculture products from the
region are safe and wholesome for human consumption.

Monitoring Residual Chemicals in Aquaculture Products

The expansion of aquaculture farming activities over the
years has made the health of the culture animals under

constant threat from bioagressors such as viruses, bacteria,
parasites and fungi. In an effort to control the oecurrence
of such bioagressors, many farmers use antibiotics and
other chemicals without knowing that some could be
toxic to humans and pose danger to the wellness of
the environment. Improper use could also induce the
development of resistant pathogens in the cultured aquatic
species, the human consumers and the environment (Platon

aL, 2007). Considering that the presence of chemical
residues in aquaculture products poses threats to human
health, SEAFDEC through the Regional Fish Disease
Project has developed and standardized detection methods
for residual chemicals such as pesticides and antibiotics in
aquaculture products. This is aimed at securing safe and
healthy aquaculture products from the Southeast Asian
region.

With the cooperation of the Singapore-based SEAFDEC
Marine Fisheries Research Department (MFRD), studies

have been conducted to develop detection methods of
residual antibiotics in aquaculture products. Oxolinic acid
(OXA) and tetracycline (TC)arethemostextensively used
antibiotics in aquaculture and in order to determine the
residue levels of OXA and TC in aquaculture products,
high perfomiance liquid chromatography methods had
been developed (Tanet a!., 2005).Moreover, a compilation
of the methods for chloramphenicol and nitrofuran
residue testing were prepared by MFRD and AQD and
disseminated to the region's fish disease laboratories
(Ruangpan and Tendencia, 2004; Borlongan and Ng,
2004). Furthermore, evaluation methods for residual
chemicals in aquaculture products have been established
to secure the safety of aquaculture products while the
use of antibiotics in the region's aquaculture industryhas
been closely monitored (Borlongan, 2005;Ruangpan and
Pradit, 2005).

5.3.2 Challenges and Future Direction

Recognizing that aquaculture which is an important
contributorto food security intlie region hasbeen severely
threatened, efforts have been made by SEAFDEC in
collaboration with the Member Countries towards its

sustainable development through the effective control
of diseases by developing technology and techniques
tor disease identification, quick and reliable field-
side diagnosis and harmonized diagnostic procedures
specifically on Level 111 diagnostic methods; establishing
regional and inter-regional referral systems including
designation of reference laboratories; reducing risks of
negative environmental impacts, loss of biodiversity,
and disease transfer by regulating the introduction and
transfer of aquatic organisms; and establishing quality
standards and take measures to reduce or eliminate the
use of hannful chemicals.

Considering that theoccurrence ofdiseases inaquaculture
is attributed to irresponsible management practices
that bring about deteriorated culture conditions, some
innovations have been adopted by many countries in
the region that aimed to prevent disease outbreak. This
includes the installation of effluent reservoirs which has
been foundeffective incontrolling viraldiseases (Platon et
aL. 2007). Also included is the concept oftotal biosecurity
system which comprises the installation of disinfection
baths, dedicated paraphemalia per pond, screening of
postlarvae for diseases, presence of reservoir ponds,
water filtration and treatment for incoming and outgoing
water and proactive monitoring ofthe animals and rearing
water during the culture. In addition, strategies have been
formulated to control fish diseases in aquaculture systems
(Platon et aL. 2007) as well as address the issues on
healthy and wholesome aquaculture (Toledo et aL. 2011)
which should be considered specifically in the further
development and refinement of the various methods and
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techniques for fish disease prevention and control, taking
into account the various preventive measures that are now
being advanced that could inhibit the use of chemical
inputs in aquaculture.

More importantly, AQD would continue to focus its
activities inaddressing theareas ofconcern ofresponsible
aquaculture development guided by the priorities
especially on the development ofresponsible aquaculture
technologies and practices, responsible use of genetic
resources for the purpose of aquaculture, adoption of
measures to avoid environmental degradation, and
promotion of environmentally sound culture methods
and commodities. There is certainty that if uncontrolled,
irresponsible practices in aquaculture would continue
to threaten food safety and create negative impacts
on the ecosystem. It is for this reason that AQD has
been promoting the concept of healthy and wholesome
aquaculture, which is a holistic approach to fish disease
management for food safety and security. This concept
also promotes the use of efficient feeds which are cost
effective and low-polluting in order to optimize production
and healthy famed aquatic animals with the least negative
impact to the environment (Toledo et al., 2011).

5.4 Development ofSustainable Aquaculture
Feeds

out eastAsia is amajor producer ofaquaculture products
an aquaculture production has been steadily increasing
with concomitant increase in the demand for aquafeeds

^ Fishmeal (FM) and fish derived productss) such as fish oil (FO), fish hydrolysates, fish protein
concentrates, fish processing by-products, and fish soluble,
are t emajor components ofaquafeeds that would satisfy
nutnent requirements and acceptability. However, FM and

sare not always available and market prices could be
unsta e. Hence, these have big impacts on aquaculture
activity and its sustainability.

Aquaculture feeds with lesser dependence on these
eedstuffs are being developed to sustain growth of

aquaculture in the SoutheastAsian region. Decreasing the
levels ofFM and FPs in aquafeeds has been the objective
of many feed formulators and feed millers. Therefore,
research effort should emphasize on determining the
lowest levels of FM and FPs in feeds formulated for
specific aquaculture species in their stages of growth
without loss in efficacy and on protein production. This
has been achieved to acertain extent, for example in the
compounded feeds for some species using alternative
protein sources and nutritional interventions. Improvement
and refinement of formulations, however, should be
continued together with technologies that make alternative
protein sources commercially available and cheap.
Moreover, the culture of species with low requirement

for FM and FPs such as the low value with high volume
aquaculture species should be encouraged and to a certain
extent environment regulations should be put in place.
In addition, there is a need for greater involvement of
governments to expand the market and promote consumer
acceptance of low value species.

5.4.1 Use ofFishmeals and Fish-based Productsfor
Aquafeeds

Production from fed aquaculture is 54% oftotal production
in Asia (FAO, 2008). In 2009, the Southeast Asian region
which is a major producer of aquaculture products, the
volume ofproduction was 12.5 million MT valued at US$
14.8 billion (FAO, 2010). The amount ofraw materials that
goes into aquafeed production in the region is significant
and the impact is tremendous on non-renewable resources
or on the raw materials with limited supply. The collective
impact of market forces, research results, and pressures
of environmental issues lowered the inclusion levels of
FM as a source of high quality protein and minerals as
well as that of FO as a source of omega fatty acids, the
second most valuable among the FPs in compounded
feeds for aquaculture. Global reported data showed that
these ingredients are expected to decline from 1995 to
2010 in the levels of FM and FO in compounded feed
of milkfish (Chanos chanos) from 15% to 3% and 3% to
1%, respectively.

Except for catfish, a similar trend is also reported for
shrimps, marine fish and tilapia. The compounded feeds
forthese species have become less dependent on FM and
FO as lesser amounts are used, and are also increasingly
efficient as shown by lower average FCR values from
1995 to 2010. The decreased levels of FM and FO in
aquafeed imply that there is now less pressure on the
manufacture of FM and FO. However, fish production
from aquaculture in the Southeast Asian region has
increased and more fish farmers are using efficient
compounded feeds inaquaculture, increasing the demand
foraquafeed production and thus, increasing also the total
requirements for FM and FPs. For instance, the volume
ofaquafeeds used in the culture of milkfish between 1995
and 2007 has more than doubled while that for the other
species groups has quadrupled (Table 59). In 2010, the
estimated volumes of total feeds for the culture of these
speciesalso increased. Thus, with increased aquafeed use
in aquaculture production in the Southeast Asian region,
the demand for FM and FPs will continue to increase.

5.4.2 Issues and Concerns

Aquaculture production in the Southeast Asian region has
been increasingly dependent on aquafeeds and this trend
will continue as long as resources for the feed poduction
are available. However, FM and FPs which are significant
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components of aquafceds arc finite resources, and as such

feed producers and feed ibrmulators are optimizing the
use of these fccdstuffs in aquafceds. There is a lower limit
to the inclusion of these feedslulTs in compounded feeds
for specific species for culture without loss of efficiency.
The pressure on FM and FPs would be greatly alleviated
by finding the right resources as alternatives for protein
and oils in aquafceds. These alternative resources should
come in adequate supply, cheap, effective, and acceptable
to consumers. The use of alternative protein sources
in aquafceds has been done successfully to a certain
percentage of the protein coming from FM. The common
sources arc those coming from plants which are high in
fiber and contain some anti-nutrients. Soybean which is
the most important plant protein source in aquafced is
highly digestible to most species for culture. However,
its use in aquafceds is constrained by its application in
the livestock industry, for human consumption, and for
the production of cthanol and biodiesel. The importance
and acceptability of soybean meal, however, as a major
plant protein source (also a source of lecithin and oil) has
long been recognized.

As a result, products with soybean as the basecomponent
are coming out in the market with enhanced protein
level and amino acid profile. These enhanced products
are not cheap and so their utilization is constrained by
the economics of aquafeed manufacturing. The use
of genetically modified soya and com in aquafeed is
also a concem for some sectors of the industry. Plant
protein sources such as com, peas, Leucaena leafmeal,
the leguminous meals, and copra meal are commonly
found in the region and these have been increasingly
used infish diets, thus, decreasing reliance onthe use of
protein from FM. The other plant sources such as rice
bran, wheat, palm kemel meal, ground nut cake which
are used mainly as sources of carbohydrates in aquafeed
contains small amounts of proteins andthus, FM protein
is substituted to a lesser extent. Through fermentation
processes, the nutrients in these plant sources can be
made more available, however, constraints in the use of
these feedstuffs could include keeping their quality and
acceptance by fish.

Agricultural by-products including rendered products of
terrestrial animal origin and dried grains as by-products
of fermentation and distilleries have also been effectively

Table 59. Fishmeal (FM) and fish oil (FO) uses and efficiencies (1995), and
estimates based on expected growth (2007-2010) in milkfish and four species
groups

Milkfish

1995 30 2 15 3 220

2007 41 2 3 1 499

2010 44 1.9 3 1 572

Shrimp

1995 75 2 28 2 1,392

2007 93 1,7 18 2 5,603

2010 95 1,6 12 2 7,170

Marine fish

1995 50 2 50 15 498

2007 72 1.9 30 7 2,311

2010 73 1.8 24 6 2,797

Tilapia

1995 70 2 14 1 984

2007 82 1.7 5 0 3,590

2010 85 1.7 3 0 4,953

Catfish

1995 85 2 5 1 345

2007 72 1.5 8 1.7 2,080

2010 73 1 5 6 1.7 2,923

Source: Data Irom Tacoii and Metian 2008
' Esumatecl percentage ol milkfish ami total species groupfedon aquafeeds
' £sf/ma(edtotal aquafeed used
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used in aquafeed formulations but the inclusion level is
limited. Rendered by-products are cheaper and those that
have been successfully used in aquafeeds production as
protein sources are blood meal, meat and bone meal,
feather meal, and poultry by-product meal. Furthermore,
dried grains have high fiber content but may not be
always palatable to fish. Many studies have shown the
use of these by-products in aquafeeds, but the reduced
digestibility of these products in fish is a constraint. In
addition, poor market acceptance has limited the use of
rendered products.

Plant-based oil which is cheaper than marine fish oils
have also been used in aquafeeds. The sources of plant
oils are sunflower, olive, coconut, corn, and palm,
but the use of these oils is limited by their fatty acid
profiles and degree of un-saturation. Nevertheless,
these characteristics benefit most freshwater species
for culture. The combination of plant-based oils with
marine oils has been known to improve feed utilization
by cultivable marine species. Other feed ingredients that
can be used as FM and FPs substitutes include fermented
plant protein, single cell protein, krill, and by-products of
seafood processing (Naylor et al., 2009). These are good
and suitable substitutes but they are not yet produced in
commercial quantities and, in the case ofkrill, the adverse
ecosystem impacts. Numerous fishery products are used
as feed ingredients in aquafeed and probably not all can
be substituted by alternative sources. The most important
ones are FM and FO, and these are the focus of much
research effort for many species. These investigations
also include other rich sources ofDHA and EPA such as
marine algal resources.

Research had also been done on the use ofleaf meals as
alternative protein sources in commonly cultured fish in the
region. Although substitution ofFM is possible to acertain
eve ut processing leafmeals would be expensive and, in

contain anti-nutritional factors. In the continuing
e orts to develop new formulations using non-traditional
eed ingredients, the use of beneficial microorganisms

in the gut of aquaculture species have been explored to
ferment common feedstuffs to increase their suitability
for use in aquafeeds, while other fermentation methods
such as solid state fermentation, are also being explored
to process non-traditional feed ingredients.

The cultivation of low-value with high-volume fish
species is being promoted because they require lesser
amount ofFM and FPs in the feeds compared with the
high-value with low-volume species which are mostly
marine carnivores. In this case, farmers prefer to grow such
species because ofthe profitability offarm operations or
incentives given by the government. However, the use of
high amounts of FM can be limited to the larval feeds and
lesser amounts canbe included inthe feed for later stages

ss

ofaquaculture. The fast growth of aquaculture sector has
spurred a great demand for aquafeed and most importantly
on FPs as important ingredients in aquafeed production.
This has resulted in some cases in the adulteration and

indiscriminate addition ofchemicals in these commodities

to avoid spoilage, increase bulk weight, retain freshness,
and to improve fish health and growth. Adulterations
in fishmeal had been reported and governments of the
Southeast Asian countries should take important steps to
curtail this activity since it undermines the use of FM, the
efficiency of the aquafeeds, and the safety of aquaculture
products.

The use or application of basic nutritional infonuation
in the formulation of aquafeeds by formulators in the
aquafeed industry is critical in improving the efficiency
of the feeds and sustaining aquaculture. However, more
research still needs to be done to improve the understanding
offish nutrition and feeding management, as for example
in the use ofenzyme complexes to reduce FM required in
aquafeeds to give the same or even improved performance
in fishes which seems to be feasible. Much research efforts

on FM and FPs substitutions in aquafeed have been done
and presently being done, where valuable results should
be made accessible to people who are responsible for the
adaptation and use of such infonuation.

5.4.3 Challenges and Future Direction

Moreefficientcompounded feeds with lesser inclusion of
FM and FPs are presently produced compared with the
situationa decade ago. Therefore, efforts to continue such
initiatives should be sustained through the involvement
of other sectors of the industry. For the sustainability
of the industry in the region, a more aggressive and
multidisciplinary effort in finding adequate substitutes in
aquaculture feeds should be pursued, while the various
challenges should be addressed. The major challenge
in the use of conventional feed ingredients for aquafeed
formulations are commercial availability, quality, and the
adequacy of nutrients to meet the requirements ofspecific
species. In addition to cost, there is competition for these
resources from other users such as the food producing
sector. Government subsidies and incentives will help
bring down the cost, but, stringent regulations should be
in place to safeguard quality. Furthennore, for effective
FM and FPs substitution in aquafeeds, research shouldbe
conducted on feedstuff digestibility for important species
for culture, as well as intervention should be in place in
ordertoachieve nutrientbalance, palatability, and stability
in compounded feeds to enhance the FCR.

Commercial quantity is also a constraint for the non-
traditional feed ingredients. However, it is crucial to
establish efficacy through research to enable the other
sectors of the industry to follow with the commercial
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production of these feed ingredients. Aquaculture products
grown on non-traditional feedstutTs should also be assessed

for acceptable sensoiy characteristics such as odor, color,
taste, and texture. Traceability, etTect on human health,
and impact on the environment are significant issues to
be addressed in the use of non-traditional ingredients.
Databases are available on feed ingredients that include
their nutrition composition, usage in industrially- and
farm-made aquafecds, quality criteria, limitation of
use, as well as documented feeding studies (Tacon et
al., 2009; Hcrtrampf and Pascual, 2000). Databases
should be updated to contain the current information
on feed ingredient including those on non-traditional
feed ingredients, and should be made available to feed
manufacturers, researchers, fish farmers, policy makers,
and other stakeholders.

The use of alternative substitutes for FM and FPs has
some setbacks such as poor palalability, poordigestibility,
essential amino acids deficiency, high fiber content, and
limited inclusion level. Technological innovations are
therefore needed to effectively use these in aquafeeds.
Genetic engineering can improve amino acid profile
in legumes and increase DIIA/EPA levels of plant-
derived oils. In addition, with technological innovations,
concentrated and hydrolyzed protein products can be
made cheaper and bone content in meat and bone meal
can be adjusted to reduce calcium levels. In addition,
genetic selection can be done for strain.s/stocks that can
efficiently utilize plant derived non-traditional ingredients.
It isapparent that the demand for aquafced will continue
to increase in the region as more aquaculture operations
will be producing fish through fed aquaculture. The
development of efficient aquafeeds with less dependence
on FM and FPs should be pursued aggressively and
with more multidisciplinary research efforts. Some feed
ingredients with potentials for use as substitutes for these
resources arc already found in the market. Their efficacy
to substitute FM and FPs in aquafced including those of
non-traditional feed ingredients can be increased through
technological innovations.

5.5 IMiniinizing Impacts of Aquaculture on the
Environment

Aquaculture is the fastest-growing food production
system globally, with about 9% increase in production
per year since 19S5 {Diana. 2009). On the average, Asia
which is known as the birthplace of aquaculture (Tacon
et a!., 1995) provides (range: 59-91%) of the total
world aquaculture production, 14% of which conies from
Southeast Asia (Fig. 38). Indonesia and the Philippines
contribute the most to aquaculture production in Southeast
Asia at 23-42% and 2()-45"() of the total production from
aquaculture. respectively (Fig. 39). With the increasing
demand for fish and lishcry products coupled with the

dwindling supply of wild aquatic resources, aquaculture
has been projected to compensate the declining fishery
production and considered a reliable solution to food
security problems. However, as aquaculture production
intensifies, a lot ofproblems have been linked with it.

The phenomenal growth of aquaculturein the recentyears
has caused modification, destruction or complete loss of
habitat; unregulated collection of wild broodstocks and
seeds; translocation or introduction ofexotic species; loss
of biodiversity; introduction of antibiotics and chemicals
to the environment; discharge ofaquaculture wastewater,
thus coastal pollution; salinization of soil and water;
and dependence on fishmeal and fish oil as aquaculture
feed ingredients, to name a few (Chua et al, 1989;
Iwama 1991; Beveridge etal, 1994; Naylor etal, 2000;
Primavera, 2006). Efforts have been done by the countries
in the region to increase production and at the same time
minimize impacts of aquaculture on the environment.

5.5.1 Status, Issues and Concerns

The many advantages of aquaculture provide a strong
and credible argument for its continued implementation.
Aquaculture continues to provide valuable food supply
and economic support for many countries. However, the
industry has its own share of problems that need to be
addressed, the most important of which is its impact on
the environment. In order to limit the potential negative
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environmental impacts ofaquaculture effluents, studies are
being conducted, policies and laws are being formulated,
and there is a concerted effort ofthe scientific community,
academe, policy makers, farm owners, and government
authorities to come up with approaches that could help
reduce production of aquaculture wastes or mitigate its
impact.

The specific strategy for mitigating the negative effects of
aquaculture will depend on local conditions. Among the
basic approaches arechoosing a location with high flushing
rates and deep water, and using dry, easilydigested feeds
that will help reduce the potential negative impacts
(Iwama, 1991). In addition, treating farmeffluents prior to
discharge; limiting the concentration of specificdissolved/
suspended inorganic/organic materials and/or nutrients
contained within the effluent discharged from the fann;
establishing maximum permissible amounts of specific
nutrients (such as total nitrogen or phosphorus) that the
farm isable todischarge over afixed time period; limiting
the total number of licenses that can be issued and/or size
of farm, depending upon the vicinity of other farming
operations and the assimilative environmental carrying
capacity of the receiving aquatic ecosystem; limiting or
fixing the total quantity of feed the farm is able to use
over a fixed time period; fixing maximum permissible
specific nutrient levels within the compound feeds to be
used to rear the species in question; banning the use of
specific potentially high-risk feed items such as fresh/
trash fish and invertebrates; banning the use of certain
chemicals and antibiotics; prescribing minimum feed
performance criteria; requiring the use ofspecific Codes
of Conduct, including appropriate Best Management
Practices (BMPs) for farm operations; requiring the
development ofsuitable farm/pond sediment management
strategies for the storage and disposal ofsediments; and/
or requiring the implementation of an environmental
monitoring program have been suggested by Tacon and
Forster (2003). However, most fish farmers still do not
follow these approaches at present, and thus, continuing
implementation ofonly some but not most, would mean
that the environment continues to suffer.

Coastal aquaculture is a traditional practice in Southeast
Asia, and prior to the establishment of SEAFDEC/
AQD in 1973, Indonesia has been the top aquaculture
producing country in the region (Fig 40). Five years after
SEAFDEC/AQD was established until 2004, Philippines
led the Southeast Asian countries in terms of aquaculture
production. However, as aquaculture development in the
region accelerated, it has created negative environmental
impacts. As one ofthe leading institutions for aquaculture
research and development in Southeast Asia, SEAFDEC/
AQD needs to continue developing management
measures to mitigate deteriorating coastal water quality

90

and the adverse environmental impacts of aquaculture
development, important issues that have become a matter
of urgency to the Southeast Asian region.

Among the coastal ecosystems, mangroves are the most
greatly affected by aquaculture. The positive feedback
of aquaculture in boosting production and compensating
losses from capture fisheries is usually coupled with
negativefeedback ofconverting mangroves to aquaculture
ponds. Southeast Asia used to have the widest and the
most diverse mangroves in the world but between 1980
and2005 it suffered a decline ofmore than 26% (Spalding
et al., 2010), where most of the losses were due to
conversion of mangrove areas into milkfish and shrimp
ponds (Naylor et al., 2000). Looking at the countries as
major contributors to aquaculture production in Southeast
Asia, Indonesia which had the widest mangrove cover
worldwide (Giri et a!., 2010; Spalding et al., 2010), began
large-scale mangrove conversions for extensive milkfish
ponds called tambaks, as early as the 1950's (Fast and
Menasveta, 2003). The country reportedly converted
269,000 ha of mangroves to shrimp ponds between I960
and 1990 (Harrison and Pearcc, 2000 in Thornton et al.,
2003) and which remains a major threat to its mangroves
(Spalding et al., 1997).

From 1951 to 1988, almost half of the 279,000 ha of
Philippine mangroves were developed into culture ponds
with 95% of brackishwater ponds in 1952-1987 derived
from mangroves (Primavera, 2000). From 1975 to 1993,
the mangrove area in Thailand was halved from 312,700 to
168,683 ha. Mangrove conversion for shrimp aquaculture
began in 1974 but accelerated in 1985 when shrimp farm
areas expanded from 31,906 to 66,027 ha and number
of farms increased from 3,779 to 21,917 in 1983-1996
(Barbier, 2003). Vietnam has reportedly lost more than
80% of its mangrove forests over the last 50 years and
shrimp aquaculture is considered to bethe greatest threat
to the remaining mangroves (Thornton et al., 2003).
These conversions result in loss of goods and ecosystem
services generated by mangroves including plant andwood
products, provision ofnursery habitat, coastal protection,
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flood control, sediment trapping and water treatment
(Macnae, 1968; Bandaranayake, 1998; Ewele/rz/., 1998).
In Southeast Asia, mangrove-dependent species account
forroughly one-thirdofyearlywildfish landings excluding
trash fish (Naylor et al., 2000). A positive relationship
between fish and shrimp landings and mangrove area has
beendocumented in Indonesia (Martosubroto and Naamin,
1977), Philippines (Camacho and Bagarinao, 1986) and
Thailand (Barbier, 2003). Aside from losing these goods
and services, converting mangroves into aquaculture ponds
transforms an open access fisheries with multiple users
to a privatized fami resource of few wealthy individual
investors and business enterprises.

The impacts of aquaculture on biodiversity are rarely
positive, sometimes neutral, but usuallynegative to certain
degree (Beveridge et al., 1994). Loss of biodiversity is
one of the consequences of habitat modification or its
complete destruction to give way to aquaculture ponds.
Globally, mangrove biodiversity is highest in the Indo-
Malay Philippine Archipelago with 36-46 ofthe 70 known
mangrove species occurring in this region. However,
the region has one of the highest rates of mangrove area
loss at an estimated of 30% reduction in mangrove area
since 1980 (Polidoro et al., 2010). Although mangrove
species diversitymay be low, faunal, microbial and other
associated species diversity can be high (Alongi, 2009).
Thus, losing mangroves means losing a highly complex
system that serves as nursery or pemianent residence for
a range of organisms, both from the terrestrial and the
aquatic environments (Macnae, 1968; Alongi, 2002).
The interdependence of mangroves with sea grass beds
and coral reefs is apparent in the movement of fish and
other organisms observed between these three adjacent
systems (Gillanders et al., 2003; Sheridan and Hays,
2003). Losing one of these habitats will affect all three
ecosystems and everything that dwells in them. Aside
from habitat modification, unregulated collection of
broodstock andwildseedsforuseinaquaculture facilities
may eventually threaten the wild population. The same
could also happen to fish species harvested for use in
fishmeal and fish oil production. Regardless of purpose,
indiscriminate harvesting of wild stocks has negative
impacton biodiversity.

As the world's fastest growing agriculture industry,
aquaculture has heightened public concerns about
pollution, water quality degradation, health and other
violations of the public trust (Costa-Pierce, 1996).
Aquaculture wastewater outputs and loads vary widely,
depending upon the species cultured, farming systems
employed and aquatic environment utilized (Tacon and
Forster, 2003). Aquaculture wastes are mostly derived
from excess feeds and fecal matter, and continuous
discharge of wastewater without treatment could result in
a chain of undesirable events, that include serious oxygen

deficit caused by the decomposition oforganicsubstances;
sedimentation; eutrophication or algal bloom caused
by the accumulation of organic nutrients like nitrogen
and phosphoms; changes in energy and nutrient fluxes,
changes in pelagic and benthic biomass and community
structure and fishstocks; low productivity; andsometimes
disease outbreak. Moreover, inadequate handling of
wastewater has serious consequences for hiunan health,
the environment and economic development (Caoet ai,
2007). This past decade, fish kills have been a recurring
phenomenon in the Philippines. The most serious among
the recent ones was in Taal Lake, Batangas last 28 May
2011 which resulted in the death ofabout 752.6 MT offish
with an estimated value ofUS$ 1.3 million. Fish kills in the
country havebeenattributed toeutrophic waters and algal
bloom (Azanza et ai, 2005; San Diego-McGlone et ai,
2008) which could be linked to uncontrolled proliferation
of fish pensand cages to more than double the allowable
limit (Yap etai, 2004; San Diego-McGlone etai, 2008).

Aside from wastes, aquaculture also introduces various
chemicals to the environment in the form oftherapeutants,
disinfectants, water orsoil treatment compounds, algicides
and pesticides, fertilizers, and feed additives. The
excessive use of these chemicals can result in toxicityto
non-target populations, human consumers and wild biota,
and the accumulation oftheir residues (Primavera, 2006).
Antibiotics such as tetracycline, oxytetracycline, oxolinic
acid, furazolidone, and chloramphenicol have also been
used excessively the result of which could lead to the
development ofbacteria-resistant populations (Tendencia
and de la Pena,2001; Hoaet ai, 2011).

5.5.2 Challenges andFuture Direction

There is an urgent need to change the present aquaculture
practices in order to minimize its environmental impact
and preserve the remaining habitats which may eventually
be affected as aquaculture continues to intensify.
Aquaculture had intensified because ofdiminishing wild
stocks, but there are other ways ofreplenishing depleted
stocks, such as regulating the fishing effort, restoring
degraded nursery and spawning habitats; or enhancing
the stocks (Blankenship and Leber, 1995).

In the case of aquaculture, habitat rehabilitation or
restoration should be more focused on mangroves which
suffered most because ofpond construction. The review
paper ofEllison (2000) suggested that although most ofthe
objectives ofrestoration projects were for forest products,
coastal protection and stabilization, two Southeast
Asian countries have set their goals for maintenance or
sustainability of fisheries (Malaysia) and provision of
habitat for wildlife (Vietnam). Rehabilitating nursery
habitats is effective in restoring populations of naturally
occurring species and considered as one ofthe approaches
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in enhancing fisheries (Welcomme and Bartley, 1998).
This has been observed in mud crabs, Scylla spp. in the
reforested mangroves in Kalibo, Aklan in the Philippines
(Walton et ah, 2007) and mangrove recolonized abandoned
pond in Dumangas, Iloilo also in the Philippines (Lebata-
Ramos, unpublished data).

Stock enhancement using individualsreared inaquaculture
facilities is becoming a popular methodofsupplementing
depleted stocks (Bert et ai, 2003). Bell et al. (2006)
discussed two of the most successful stock enhancement
initiatives, which are the augmentation of scallop fishery
in Hokkaido, Japan causing a four-fold increase in annual
harvests; and the 20-year shrimp release program in
China which achieved a 7 to 10-fold retum ofinvestment.
The success in stock enhancement depends on setting
the management goals and identifying the right species
for release. Once these are determined the ten essential
components of a "responsible" enhancement program
suggested by Blankenship and Leber (1995) can be
distilled into three critical issues, namely: 1) understanding
the nature of the system or the habitat for release; 2)
producingrobust, compatible individuals forrelease; and
3)evaluating the effects ofreleases (Blaylock etal, 2000).

Most stock enhancement activities have failed because
of lack ofproper habitat for released juveniles. Stock
enhancement can be very effective if accompanied
with habitat restoration because it will be of no effect
in situations where recruitment is limited by the lack of
sufficient nursery areas (Bell et al., 2006). Although stock
enhancement activity may change the status quo of the
ecosystem, given the substantial damage these ecosystems
have suffered due to anthropogenic activities and the
depletion offisheries resources due to overfishing, the
impact of adding juveniles which is aimed at improving
production of the target species should not be a cause of
great concern, provided that this activity is conducted
responsibly and that this will not cause further degradation
to the ecosystem and its diversity (Lebata, 2006). Contrary
to most beliefs, mangroves and aquaculture are not
necessarily incompatible (Primavera, 2006). Marginal
coastal sites such asdenuded and over-exploited mangrove
areas and unproductive or abandoned fishponds can be
made productive and economically profitable through
aquasilviculture, the integration of aquaculture with
silviculture orthe harmonious co-existence ofaquaculture
species and mangrove trees (de laCruz, 1995).

This mangrove-friendly aquaculture technology had
been applied in shrimp ponds (Primavera et al., 2007)
and mud crab pen culture (Trifio and Rodriguez, 2002;
Primavera et al., 2010) in the Philippines; mariculture
in Taiwan (Su et al., 2011); shrimp-mangrove farms in
Vietnam (Binh et al., 1997); and milkfish pond culture,
milkfish and shrimp polyculture (Fitzgerald and Savitri,
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2002), and shrimp pond culture (Shimoda et al., 2006) in
Indonesia. A forestry program was initiated in Indonesia
by the state forest enterprise in 1976 integrating forest
management with fish production. Popularly known as
the 'tumpang sari', the program allows for crops to be
grown while protecting the forest and optimizing land
use, filling 80% of the ponds with trees and leaving 20%
for fish production (Adger and Luttrell, 2000). Aside
from integrating aquaculture into the mangroves, culture
species, i.e. seaweeds, mussels and oysters, and fish can
also be reared in mangrove waterways.

The concept and practice of integrated aquaculture is
well-known in inland environments in Asia, but much

less reported in the marine environments. In the recent
years, the idea of integrated aquaculture has been
often considered a mitigation approach against the
excess nutrients/organic matter generated by intensive
aquaculture activities particularly in marine waters.
Integrated marine aquaculture can cover a diverse range
of co-culture/farming practices, including the integrated
multitrophic aquaculture (IMTA) and aquasilviculture.
IMTA explicitly incorporates species from different
trophic positions or nutritional levels in the same system
for bioremediation and economic returns (Soto, 2009).
Integration can be directly beneficial to farmers either
through additional valuable products, improved water
quality, prevention of diseases, habitat conservation, or
increased allowable production volumes through waste
reduction (Troell, 2009). Neori et al. (2004), for example,
reported that annually, a 1-ha land-based integrated sea
bream-shellfish-seaweed farm can produce 25 MT offish,
50 MT ofbivalves and 30 MT fresh weight ofseaweeds or
55 MT ofsea bream or 92 MT of salmon, with 385 or 500

fresh weight ofseaweeds, respectively, without pollution.
Modem integrated systems are bound to play a major role
in the sustainable expansion of world aquaculture. IMTA
seems to be the direction of aquaculture which appears to
be economically and environmentally sustainable.

Most aquaculture wastes are usually dietary in origin.
Aquaculture feeds and feeding regimes can play a major
role in determining the quality and potential environmental
impacts of fish and crustacean farm effluents (Tacon and
Forster, 2003). Optimized local feed management together
withfurtherdevelopment offish feed in tenns of increased
digestibility of feed components will lead to greater
profitability to the farmers and also minimize aquaculture
wastes (Kolsater, 1995). Among the best management
practices (BMPs) related to feeding management, Boyd
(2003) suggested that fertilizers should be used only as
needed especially to maintain phytoplankton blooms.
Moreover, it is also important to use high quality and
water stable feeds that contain only the required amount
of nitrogen and phosphorus than necessary; and apply
feeds conservatively to avoid overfeeding and to assure
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thatas much of the feed is consumed as possible. Feeding 6. ADAPTATION AND MITIGATION OF THE
maybe also improved through the use ofautomatic feeder IMPACTS OF CLIAAATE CHANGE
andby employing compensatory feeding. An experiment
involving three automated feeding systems gave FCRs of Capture fisheries and aquaculture are the most beneficial
0.94, 0.93, and 1.05, providing good control of feeding livelihood sources in coastal communities. However, the
and helping in the improvement of feeding efficiency sustainability ofthese sources is being subjected to various
(Myrseth, 2000). threats and pressiues especially during the past decades.

In the advent of these serious fisheries and aquaculture
In a feeding experiment on Pangasius bocourti, there concerns coupled with environmental changes, the
was no significant difTcrence in the final weight among people's dependence on fisheries in the Southeast Asian
the five groups tested indicating complete compensation region for economic growth is in question. Considering
in the fish experiencing restricted feeding. Improved feed that nowadays, extreme meteorological events have
conversion efficiency was experienced in the juveniles increasingly occurred with frequent and more severe
of F! bocourti when restricted feeding was conducted manifestations. Therefore, itisvalid toanalyze how people
(Jiwyam, 2010). Atlantic halibut reared ona repeated 5/10 involved in fisheries react and adapt to existing climate
week starvation/re-fed regime for 3years led to full growth fluctuations (Daw et al, 2009). It is noteworthy that
compensation, higher feed conversion efficiency, lower climate change affects fisheries and aquaculture directly
male maturation, and improved flesh quality (Foss et aL, by influencing the fish stock and the global supply offish
2009). In one of the compensatoiy feeding experiments consumption, or indirectly by influencing fish prices or
conducted by SEAFDEC/AQD, biomass of milkfish the cost ofgoods and services required by fishers and fish
reared in brackishwater ponds and fed every other day farmers (WFC, 2007).
was comparable to stocks fed daily resulting to one-half
of the usual FCR and 50% savings on feed inputs (de In particular, strategies and interventions to mitigate
Jesus-Ayson, unpublished data). Based on these results, the effects of climate change to the fisheries industry
feeding regimes may be manipulated in such a way that should be established. In aquaculture for example, the
feed inputs to the environment may be minimized without impacts of climate change to the various culture, and
sacrificing production. its effect to the cultured species and their vulnerability

to the environmental changes as well as to the wild
Aquaculture may be the ultimate solution to the problem stocks targeted by capture fisheries, should be assesse .
ofdwindling fishery production. Since most ofthe time. Environment friendly strategies to lessen the sectors
aquaculture does nothing good to the environment, and in impacts to the environment should also be develope ,
order to compensate the diminishing fishery production which also pertains to the efforts to reduce the car on
and meet the demands of fishery products for the human footprint of fisheries. These efforts should be taken wit
population which continue to grow, aquaculture must be serious consideration considering that many peop es in
redesigned to minimize its impact on the environment the Southeast Asian region are increasingly epen en
and make it more environmentally and at the same on the fishery resources as evidenced in t ®
time economically sustainable. Scientific studies on consumption that reached a new a time ig ( ,
how aquaculture has destroyed habitats, polluted the 2010a).
waters, threatened non-target species, and a long list
ofother impacts; and how aquaculture should be done Since these resources come mostly from our vulnerable
to make it sustainable and environment friendly are coastal areas, it is therefore important and urgent to
readily accessible. However, despite the easy access to integrate fisheries management in resource exploitation
such information, aquaculture continues to pollute the with the objective ofensuring sustainable utilization ofthe
environment. Therefore, scientific findings should be very important resources, protecting vulnerable areas and
properly and widely disseminated to fish famiers, hatchery species, and eventually mitigating the effects and ensuring
operators, feed suppliers, policy makers, and government the stakeholders' adaptation to climate change,
agencies to make them understand that protecting the
environment is not the task ofjust one person but should 6.1 Vulnerability of Coastal a i a s
be a joint effort of everyone producing from it, using it,
and living in it. Science should be strongly supported by It is most certain and widely recognized that the effects
policies that are strictly implemented and enforced in ofclimate change are (but not limited to) sea-level rise,
order to achieve the goal of having a better and cleaner seasonal monsoon/rainfall variations, increased and
environment in the future. stronger incidence of storms and typhoons, increased

land-based run-offs, and sea-surface temperature (SST)
rise. These effects highly influence the productivity ofthe
coastal habitats where most of the fishery resources are
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confined. The SoutheastAsian region has been considered
as one of the most vulnerable areas to environmental

variations caused by climate change because of its long
coastlines and dependence in seasonal monsoon patterns,
and where most coastal dwellers depends on fisheries
for sustenance (IPCC, 2007 as cited Santos et al, 2011).
In addition, poverty is still recognized as widespread
in the Southeast Asian region especially along coastal
communities (FAO, 2010a) where the people in these
communities are most vulnerable to environmental
changes brought about by climate change. At certain
degree, habitats exhibit minimal natural recovery
responses to climate change, but constant pressure from
other anthropogenic activities and natural calamities
hardly presses their integrity and recovery.

In coral reefecosystem, SST rise is the main factor which
hasthemostdirect adverse effect asmanifested inmassive
coral bleaching that started in 1998 and followed by
subsequent similar events throughout the region up to the
present, e.g. Andaman Sea and Aceh, Indonesia in 2010.
The level ofrecovery in the coral bleaching events varies
depending on the subsequent water physical conditions,
availability of spats andfood resources forcorals to feed.
Similarly, climate-related effects on mangroves will be
highly manifested due to sea level rise as well as the
frequency and intensity of strong surges. Sea level rise
will have the most direct impact to these habitats and
will dictate mangrove landward migration (Oilman et
al., 2007). Likewise sea grass beds are affected by SST
rise particularly impinging on the plant growth and other
physiological functions. Distribution pattern of aquatic
species would most likely shift due to temperature
variations and sea-depth. Changes in terms ofproductivity
in deeper areas will also be manifested (Short and Neckels,
1999).

6.2 Impacts of Climate Change on Capture
Fisheries

Climate change is modifying the distribution and
productivity of marine and freshwater aquatic species
(Appendix 5) and is already affecting biological
processes and altering food webs (FAO, 2009). Since
fish are cold blooded animals, their adaptive capacity to
the environment is highly affected by changes of water
temperature. Changes in habitat temperature greatly affect
their growth rate, metabolism, reproduction seasonality
and efficacy, susceptibility to diseases and toxins and
their spatial distribution (Lehody, 1997 as cited by Santos
et al., 2011). Fish may tend to move to cooler tolerable
waters thuschangingtheirmigratory pattems andknown
availability. This has been observed on migration of
skipjack tuna, an economically important tuna species
in the Coral Triangle area, which move to cooler Central

')4
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Fig. 41. Schematic representation of the impacts of climate
change and fishing activity on the marine ecosystem and its
fish component
{Source:http://vmw.pnas.org/content/104/50/19709. full)

Pacific region thus making a decline ofstocks in this region
(Alcala, 2010 as cited Santos et al., 2011).

Changes in the distribution through migration (either
spawning and/or feeding) of stocks will ultimately affect
the ability offishing to detect target species at certain place
and time. Other profound effect to stocks is the availability
of food which could already affected by climate change.
Warming ofsea surface deepens the thermocline layer and
disrupts the upwelling due to SST, and warming could
likely influence primary productivity. In addition, ocean
acidification affects the formation of calcium-carbonate

phytoplankton shells and skeleton which are primary
elements of the ocean's food chain.

The changes in global climatic patterns and season, will
affect fish recruitment and population. The warming of
river basins and estuarine waters could affect yields from
fisheries either positively or negatively depending on the
resulting dissolved oxygen concentrations and aquatic
productivity. It is likely that species distribution will occur
according to the adaptability of the species involved.
Salinity changes in the coastal waters also encourage
species re-distribution but the net effects on fisheries yields
are unlikely to be significant as shown in Fig. 41 indicating
the representation of impacts ofclimate change and fishing
activity on the marine ecosystem and its fish components.

6.3 Impacts of Climate Change on
Aquaculture Development

As aquaculture requires water as culture media for its
operation, any climate change however short tenn will have
an impact to the overall operation. In particular, changes
in water temperature could influence stocks growth rate
and metabolism prolonging period ofculture and increase
production inputs. The variability of weather conditions,
prolonged hot conditions, intense/stronger stomi surges
are just but a few that would most likely influence fish
stocks vulnerability. A rising water temperature and
adverse rainfall patterns will affect the physical, chemical
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and biological quality of the water sueh as the dissolved
oxygen, salinity, pH, nutrients and plankton dynamics. As
such, greater impact will be experienced for those activities
in the open environment like floating net cages in lakes
and estuaries as well as in the open sea. Rising sea level
poses great threat to the pond production system in the
estuarine environment by flooding the land. Among the
possible effect is water would have low carrying capacity
which means lowerproductivity foraquaculture operation.
Higher temperature will reduce oxygen solubility in water
but raise the oxygen and food demand of fish following
increased metabolism. Associated rise in gill ventilation
rates can lead to increased uptake of aquatic pollutants,
rendering the fish unfit for human consumption. Higher
water temperatures can also favor the multiplication and
survival of bacteria and parasites. Inaddition, thefrequent
change in water parameter is likely to create increased
turbulence hence higher cost to install or maintain
infrastructures to hold the fish.

6.4 Adaptation Strategies

SEAFDEC has been implementing programs for
adaptation and mitigation of theeffects ofclimate change
in the Southeast Asian region, while the SEAFDEC
Member Countries have also initiated individual efforts
to lessen the impacts of climate change. In order to assess
the individual countiy's efforts specifically focusing on the
emerging regional policy issues related to climate change,
SEAFDEC in close collaboration with the Member
Countries through ASEAN Fisheries Consultation Fomm
(AFCF) has consolidated all activities tobeimplemented
that are aimed at mitigating the impacts of climate
change. The countries in the region have also widely
recognized the concept of Climate Change Adaptation
and that development of mitigation strategies should at
all time be integrated in every fishery related programs
and frameworks. Participatory approach in vulnerability
assessment of climate change in coastal communities
should be considered a simple device yet practical
technology in the conduct ofvulnerability assessment and
simulations. Since environmental changes and seasonal
variations are best observed at the people's level, local
knowledge would come handyand helpful infomiulating
strategies for adaptation.

Furthermore, awareness programs on the short- and
long-term effects of climate change to the environment
should also be taken into consideration, and efforts
should be solicited to mitigate such effects. Programs
for livelihood diversification to lessen dependence on
current income sources among fisherfolks should also be
considered. Provision of other means of income among
artisanal/subsistence fishers gives them opportunities
and lessen their dependence on fishing, thus, lessen their
vulnerability to environmental changes. Risk reduction

among fishers working in harsh offshore conditions as
well as the small-scale fishers in coastal waters is cmcial.
Likewise, governments should exert efforts to strengthen
adaptive measures and provide safety at sea tools to
fishers. Thus, wide range, reliable, accessible and up to
date meteorological services should be in place in the
Southeast Asian countries. Resource enhancement and
rehabilitation activities should also be continued and
appropriate strategies should be widely promoted in the
Southeast Asian region.

In aquaculture, research and development initiatives
should respond to the impact of climate change. In
particular, assessment of culture media to the effect of
climate change and development ofadaptation strategies
should be encouraged. Current researches should also
aear towards culture stocks/strain development focusing
on wider tolerance stocks to environmental changes.
Alternative feed sources for aquaculture should be sought
to lessen dependence to fishmeal. In particular, to lessen
the impact of climate change on aquaculture activities,
countries could implement appropriate action plans to
safeguard the respective national aquaculture mdustiy.
Such action plans could include: a) regular monitonng
of water quality parameters within aquaculture zones )
study the impact of water parameter change to dynamic
of growth and survival of traditional aquaculture
organisms; c) conduct programs on domesticatiM and
selective breeding for aquaculture species d) h'ghl g"
Tnd encourage land-based and indoor-closed system
aiXe operations; and e) implement surveillance »d
Snating with meteorological department on weather
changes for early warning adaptation and improve safety
at sea standards for fishing operations.

6.5 Reducing Carbon Footprints from
Fisheries

It has beenaglobal consensus and concern that dependence
on fesil fiiels/non-renewable energy sources should be
srgnTficantly reduced in the coming decades by tapping
rifemative^d renewable energy sources^ In addition, it
hasTeen widely and universally recognized that emerging
cLate change issues need immediate actions. At the

nto scene Technologies in fishing operations as well as
fe£e to fossil fuel had advanced in leaps and bounds,
hus it may be deemed necessary to consider the impactsSiltechange and the mitigation structures/s^ategies
to ttcontext of the fisheries sector. Through SEAFDEC.
hffisheries and aquaculture sectors could strengthen
hei^fforts to reduce carbon footprmts to mUigate

Invironmental impacts which lead to climate change^
1, reoorted. there are various ways of reducing fishing
boats' carbon footprints: reduce fossil friel consumption
and/or offset footprint by compensating with other fishing
activities (Bundit. 2011). Moreover, it is as well recognized
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that reducing fossil fuel dependence in fishing operations
would entail severalmeasuresthatincludethedevelopment
andpromotion ofcosteffective technologies, backed upby
appropriate policystructures forthemanagement ofenergy
use in fisheries in the region. In addition, fuel and energy
source altematives should be identified, while R&D on
environment-lBiendly and efficient capture technologies
shouldbe pursued (SEAFDEC, 201 lb).

Specifically, several projects have already been initiated in
the SoutheastAsian region concerning measures to reduce
fossil energy dependence in capture fisheries. The project
of SEAFDEC on Responsible Fishing Technologies and
Practices or "Fishing in Harmony in Nature" has been
promoting theuse ofsails infishing operations. Moreover,
SEAFDEC/TD has been conducting studies todetermine
the ways and means of reducing theuse of fossil fuel in
fisheries which include improvement ofdesigns ofboats/
vessels, and increasing engine efficiency which also entails
gear modifications. In terms ofalternative/less inflicting
energy sources, the use of biofliels which have lesser
impact than other fossil fuel has also been considered for
promotion inthe region's capture fisheries.

Concems related to energy use in fisheries had become
critical in the region, thus, policy intervention at the
regional level would be necessary to address common
interests in sustaining the fisheries industry in the midst
of environmental challenges. In an attempt to address
these concems, the ASEAN developed the Plan ofAction
mRegional Energy Policy and Planning (APAREPP):
2010-2015, which aims to enhance national policy and
planning activities ofthe ASEAN countries for integration
into acohesive and effective regional policy analysis and
planning towards sustainable development. Moreover,
SEAFDEC on its part would continue to promote
alternative energy sources for both capture fisheries
and aquaculture, support the use of energy savings and
environment-fiiendly fishing technologies and sustain its
projects onthe reduction ofthe use offossil fiiel infisheries
(SEAFDEC, 2010d). Involvement of and awareness
raisingin the privatesectorshouldalsobe enhancedwhich
will ultimately reduce the impacts while relevant programs
should be promoted in collaboration withother institutions
including the academe, NGOs, research institutions,
especially indeveloping advocacies relative tominimizing
the contribution offisheries toclimate change. To list afew,
some specific strategies that could be adopted to address
climate change could include: 1) reduce heavy dependence
on oil by tapping alternative energy sources; 2) promote
energy efficiency among industries and the private sector;
3) implement public awareness programs by government
agencies and NGOs towards promoting energy efficiency,
recycling anduse ofpublic transport; and 4) maintenance
effective forest management and conservation.

96

7. HUAAAN RESOURCES IN FISHERIES

7.1 Status of Human Resources in Fisheries

While moving towards global competitiveness, countries
in the Southeast Asian region have confronted with issues
and challenges that threatened sustainable development
of fisheries. In view of such challenges, the availability
of qualified human resources in relevant subjects and
disciplines is envisaged to be one of the very crucial
prerequisites for sustainable development and management
of fisheries. In order to obtain information on the current

status and gaps in human resources of countries in the
region particularly in the government sector, a survey on
the "Existing Human Resources and Expertise in Fisheries
in the ASEAN Member Countries" was undertaken by
SEAFDEC in early 2010. The questionnaire used during
this survey primarily sought information on the availability
of expertise in the areas of fisheries biology, capture
fisheries, fisheries management, aquaculture, fisheries
post-harvest, laws and legislations, cross-cutting issues,
etc., in different gender and age groups. The inputs from
countries, although doesn't cover the whole dimension
of human resources profile, indicated the tendency in
inadequate human resources in several subject areas
(Box 4).

It could be said that during the past decade, human resource
expertise in fisheries in most countries have been moving
towards those that provide higher economic benefits, such
as aquaculture, post-harvest and processing enterprises,
etc.; as well as subjects that caught attention from policy
makers/planners such as fisheries management and
governance. In contrary, there are tendencies in shortage
ofhuman resources in some fundamental subjects, such as
fisheries biology, laws and legislation, as well as the cross-
cutting and emerging issues/challenges. It is therefore
necessary for countries in the region to further review and
form a clear picture of the current availability and gaps of
relevant expertise and human resources, and come up with
strategies to balance the availability ofhuman resources in
wide ranges ofdisciplines in responding to their respective
future requirement.

In addition to the tendency in shortage ofexpertise in some
fundamental fisheries-related subjects, many countries
in the region also faced the problem that most of the
young generations had shown no interest to engage in the
activities, particularly capture operations. The situation is
specifically more serious under the situation where fishery
production and catch has continuously declined with the
degradation of fishery resources, and the drastic increase
in fuel price. In some localities, only those that have no
better job opportunity choose to become fishers, resulting
in a tendency in increasing average age of fishers. These

..J
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From the survey conducted by SEAFDEC in 2010, based on the
information provided by countries, namely Brunei Darussalam,
Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines
Singapore and Thailand, the available human resources in
fisheries in the region and the gaps and areas where expertise
were limited had been identified. In general, observation could
be made that the available expertise in fisheries was higher for
men than women in all countries; and there are only few areas
where expertise was higher for women, specifically on post-
harvest and trade. However, this was mainly due to the nature
of most of the tasks that may suit more for men, particularly
those on capture fisheries, aquaculture and fisheries biology.

In most countries, the areas where very high number of human
resources with expertise was observed were aquaculture,

: fisheries management and capture fisheries; while the areas
I where scarcity of expertise was clearly found especially in the
jgovernment sector were fish taxonomy, population dynamics,
ecology, limnology, etc. Other important areas where expertise
isavailable at certain levels but inadequate were laws and

Ilegislation, particularly on international cooperation and
marine affairs and fisheries laws/regulation, especially for the
less developed countries such as Cambodia and Lao PDR; and
the cross-cutting issues, such as those on fisheries information
and statistics, fisheries and food security and poverty

Ialleviation, and climate change. The limited availability of
human resources in these areas is envisaged to create impact
to the development of fisheries in a long-term basis, especially
under the situation where several issues and challenges have

Iemerged from the global arena.
Under the same survey, countries also provided

Irecommendations on actions that should be taken in order to
Ienhance the capacity ofexisting human resources and ensure
the availability of human resources in fisheries in the future.

!The recommendations could be summarized as follows;

At national level, governments should:
• Establish clear policy and plans in ensuring long-term

sustainability of human resources;
• Encourage officials to be involved in relevant national/

international workshops, conferences to enhance their
knowledge and expertise;

• Carry out measures to acquire expertise in areas where
there are currently gaps, by supporting the existing staff
in building up their knowledge and capacity in the areas

j outside their current expertise; and consider recruiting new
staff with relevant expertise; and

• Ensure the future availability of qualified human resources
I particularly for the areas where shortages of expertise

are envisaged, through the development of appropriate
curriculum in collaboration with fisheries-related academe,
and provision of scholarship or research funds on the
required scopes.

I At the regional level, organizations relevant to fisheries should;
I • Conduct regional training programs to support human

resources development activities for the existing fisheries-
related officials of countries based on their priorities and

' needs;
i • Convene technical events such as consultations, workshops,

symposia and conferences to provide opportunities for
I officials from countries to exchange views and expertise;
I • Develop and facilitate exchange programs for the region's

researchers and national/regional experts;
• Conduct research activities of mutual interest in

I collaboration with Member Countries; and
• Arrange study visits for government/non-governmental

sectors and other related stakeholders to enhance their

experiences and knowledge in the required disciplines.

Sources.- SEAFDEC. 2011

insufficient human resources situation if continued are

envisaged to eventually create extensive impacts to the
capacity of tlie fisheries sector in providing food supply
and sustaining the future food security requirement.

7.2 Strategy for Human Resource
Development in Fisheries in the ASEAN
Region

In order to clarify the role ofhuman resource development
forsustainable fisheries development, the ASEAN Member
Countries in 2004 in the midst of the implementation of
the Resolution and Plan of Action adopted in 2001,
also approved the "Strategy for Human Resource
Development in Fisheries in the ASEAN Region" (Box
5). The development of the "HRD Strategy" was based
on principles that: 1) the promotion of HRD in fisheries

To ensure long-term support to human resource development i
(HRD) in fisheries in theASEAN region, recommendations were |
made as follows:

1) Regional collaboration should be strengthened toimprove j
HRD activities at the national level; !

2) Scope of HRD requirements including objectives, target ;
groups/areas and levels will be identified in accordance |
with the Resolution and Plan ofAction; |

3) The development of human resource capacity should ,
not only be on technical issues but also integrate social,
environmental, legal, and other issues as identified in the ^
Resolution and Plan of Action; j

4) The ASEAN Member States should conduct awareness I
buildingactivities to obtain cooperation/compliance
of private sector on the issues, including national
requirements for sustainable fisheries;

5) TheASEAN Member States may conduct HRD activities
to introduce new technology to private sector, through
consultation/collaboration with the intended beneficiaries;

6) HRD activities directed towards competency/skill-based
training relevant to the current fisheries situation and
demands of industry can be promoted where resources and
mechanisms are available; , , . .

7) Each ASEAN-SEAFDEC Member Country should conduct
an inventory ofprograms for HRD in fisheries that
contain essential and usable information from fisheries-
related agencies and HRD programs operated by relevant
institutions, including universities. Based on this inventory,
a regional database can beestablished and regularly
updated to provide a basis for networking in HRD in
fisheries;

8) The ASEAN-SEAFDEC Member Countries and international/
regional organizations should use the inventory and
networking to identify gaps, avoid duplication ofeffort and
ensure complementarity of HRD activities;

9) Partnership and regional cooperation, including South-South
Cooperation, exchange of expertise atnational and regional
levels, international/regional organizations, among external
funding agencies, government authorities and academe,
should be developed by fully mobilizing theinventory and

I networking;
I 10)Cost-sharing mechanisms (either cost-recovery orcost-

sharing) should beencouraged to enhance the ownership
and effectives of HRD programs in the ASEAN Member
States; and

11)Regular monitoring and assessment of regional
HRD activities should be conducted as part of the
implementation of programs under the ASEAN-SEAFDEC
Fisheries Consultative Group (FCG) mechanism.
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is primarily a national concern, and national capacity and
resources are mobilized for maximum impact; 2) where
there is insufficient capacity and/or resources available at
the national level, bilateral and regional, and/or external
supports should be sought; and 3) Regional HRD activities
could be conducted on common needs to maximize the

use of resources and benefits of the countries.

Along the line with the "HRD Strategy",and recognizing
that disparity of the social and economic well-being
among/within the most of the Member Countries can be
the one of the serious constraints to further promote the
countries' development; SEAFDEC during 2008-2010
undertook a project on "Human Resources Development
on Poverty Alleviation and Food Security by Fisheries
Intervention intheASEAN Region". The project aimed to
enhancehumancapacity offishers ofselected ruralfishery
communities as well as relevant fisheries government
officials and those working at the local level in support
of fishery communities in order to alleviate the identified
poverty status through fisheries intervention.

Under different thematic areas, i.e. Local/indigenous
institution and co-management; Responsible fishing
technologies; Backyard fishery post-harvest and
processing; Rural aquaculture; and Inland fisheries
development, activities were undertaken to identify
technical issues that were critical for the poverty
alleviation, develop HRD modules/materials, andconduct
train-the-trainers as well as on-site training activities.
Through the implementation of these activities, the post-
training observations and recommendations were made
to ensure success in extending future HRD program as
shown in Box 6.

7.3 Way Forward

In order to ensure the long-term sustainability of
fisheries development initiatives, it is recognized that the
availability ofhuman resources in wide ranges offisheries-
related subjects and disciplines is verycrucial. Takinginto
account the recommendations made during the survey
conducted by SEAFDEC, countries in the region should
therefore consider establishing clear policy and plans in
ensuring long-term sustainabilityof humanresources, and
exertingeffortstoensurethe future availability ofqualified
human resources particularly for the areas where shortages
of expertise are envisaged. These could be done through
the development of appropriate curriculum and training

Recommendations were made to ensure success in extending
HRD program at the local/national levels as follows:
• Training materials should be simplified and translated into

I national languages (or local languages), and the successful
' participants should be invited as resource persons to share

their experiences with others;
• Close communication among resource persons and

participants should be encouraged to ensure that the
training topics and arrangements would address the
problems and predicaments;

• Sufficient time should be allocated for both lecture and

hands-on sessions;
• On-site training course should be followed-up by a series

of training courses facilitated by extension officers in the
fishing community;

I • Fishery extension officers should strive to improve their
knowledge and skills, not only in the technical fisheries

' aspects but also in extension techniques and strategies;
I • National fishery agencies should have a vibrant extension
i program that include all aspects of responsible fishing

and aquaculture, post-harvest and fish processing, fishery
resources management, market development and trends,
environmental issues, and socio-economic attributes of
rural fishery development;

• National fishery agencies should coordinate with the
I provincial and local government units in disseminating

up-to-date information related to aquaculture technology,
market, environment especially on climate change, and
government policies; and

• HRD initiative should be expanded into institutional
- capacity building activity where the staff of local
. institutions is regularly trained on the latest technologies.

modules in collaboration with fisheries-related academes,

and provision ofscholarships or research funds specifically
on the required scopes, etc.

In addition to the initiatives at national levels, in the

regional perspective, regional training programs,
consultations, workshops, etc., should also be initiated
to support human resources development activities and
facilitate the exchange of views and expertise, based on
the countries' priorities and needs. Exchange program
or collaborative researches could also be promoted to
facilitate the collaboration and exchange of expertise,
particularly in the areas where expertise may be strong
and available in some, but insufficient and weak in other

countries.

Human resources development in fisheries is an important
area that every country and relevant organization should
not overlook. It is very crucial that cooperation and
concerted efforts are made to ensure the availability of
capable and knowledgeable people, and the long-tenn
sustainability of fisheries in the region.
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PART III

Outlook of Fisheries and Aquaculture
for the Southeast Asian Region

The launching of an ambitious task to build the ASEAN
Community by 2015 had been supported jointly by
the Southeast Asian countries. Being aware of the
consequences and advantages that could emanate from
the integration ot the fisheries sector into the three pillars
ofthe ASEAN Community, the ASEAN countries should
have to ensure that socio-economic considerations are
being dealt with accordingly within the fisheries sector.
Moreover, policy mechanisms for national institution
building should also be put in place considering that by
2015 the ASEAN would be transformed into a region
With free movement of goods, services, investments,
and skilled labor as well as free flow of capital. In
so-doing, the countries should be able to address the
prevailing issues which could include social, economic,
environmental, and political considerations through the
implementation of programs and activities guided by the
Resolution and Plan of Action on Sustainable Fisheries
for Food Security for the ASEAN Region Towards 2020.

1. Rising to the Challenges and
Opportunities from the Establishment
of the ASEAN Community: Fisheries and
the People Involved

Management of the natural resources including aquatic
resources, fisheries management and the importance
of properly managing important coastal and inland
environments/habitats as well as maintaining protective
geographical features remain key important concems that
should be addressed now and in the foreseeable future,
especially in the Southeast Asia region and among the
ASEAN countries. These concems should be considered
from the perspective of poverty reduction and the need
to maintain a socially sound, economically balanced
and sustainable development, based on a healthy and
productive environment in the ASEAN region while
living up to the expectations of an ASEAN Community
by 2015. This would mean reversing the present trend
of environmental degradation and depletion of aquatic
resources, and enhancing the social well-being and
working conditions of people involved in fisheries and
related activities, where specific attention should be given
to management of fishing capacity (large- and small-
scale operations) including labor and safety aspects as
well as the status of migratory fishworkers comprising
both men and women.

Equally, this also implies the need to maintain a resources-
based equilibrium between the growing demand for
fisheries and aquatic products with the available supply,
in other words, to balance conservation needs with
sustainable exploitation levels of the fishery resources.
It is very important consider the contribution offisheries
to economic growth and to food security and livelihood.
of the people. Attaining food security is tantamount to
ensuring sustainability in fisheries, which requires that
countries in the region should puttogethertheir efforts in
improving fisheries governance and sustained endeavors
in conservation andrehabilitation ofthenatural resources,
where people will not go hungry ifthey know how to fish
responsibly.

Looking towards the establishment of the ASEAN
Community by 2015, the ASEAN countries should
sti'engthen national institutional and policy mechanisms
to be able to incorporate the requirements ofthe three
"pillars" as indicated in the three "Blueprints" developed
by Member States which are meant to facilitate the efforts
needed to establish the ASEAN Community by 201
These three pillars are the ASEAN Political-Security
Community, ASEAN Economic Community, and the
ASEAN Socio-Cultural Community. The requirements
for Member States, and information to the "global
community", are further defined in three Blueprints ,
namely ASEAN Political-Security Community
Blueprint, the ASEAN Economic Community Blueprint,
and the ASEAN Socio-Cultural Community Bluepnnt.

As anticipated, by 2015 the ASEAN region would
be characterized by having a single market and
production base with free flow of goods, services,
capital investment, and skilled labor; being a highly
competitive economic region with equitable economic
development; and being fully integrated into the global
economy. This is therefore an opportune time for the
countries ofthe region to boost the performance oftheir
respective fishery sector by enhancing connectivity in
terms ofphysical infi'astructures such as land and marine
transportation systems in order to facilitate the flow of
goods like fishery products within and outside the region,
and promote cross border trade thereby improving their
respective economies. However, some of the adverse
impacts of the integration offisheries into the ASEAN
Community should be taken into account, which could
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include increased competition of fishery products, trans-
boundary transfer of aquatic resources, and increased
pressure to the fishery resources. The countries should
therefore take a closer look at these issues in order to

mitigate the possible impacts that could take place in the
fisheries sector in the coming decades.

2. Growing Demands of Fisheries that
Challenge Food Security

In June 2011, the ASEAN and SEAFDEC organized the
ASEAN-SEAFDEC Conference on Sustainable Fisheries

for Food Security Towards 2020 "Fish for the People
2020: Adaptation to a Changing Environment" with the
main objective of paving the way for the sustainable
development offisheries and enhance the contribution of
fisheries to food security of the Southeast Asian region
towards the coming decade. During the Conference, the
ASEAN-SEAFDEC Ministers responsible for fisheries

adopted the "Resolution" and "Plan of Action" on
Sustainable Fisheries for Food Security for the ASEAN
Region Towards 2020", as important direction in
formulating and implementing programs, projects, and
activities through the appropriate ASEAN-SEAFDEC
mechanisms. These two instruments, the "Resolution"

and "Plan ofAction", therefore serve as policy guidance
for the countries in the region in developing priority
actions aimed at attaining sustainability of the fisheries
sector in support of international demands.

The tendency of the fisheries sector to maximize the
exploitation of resources should be perceived as means of
increasing the supply of fish to cater to the rising global
demand for food fish and other aquatic products brought
about by the increasing global population and enhanced
capacity of more people to purchase iiigh value and
quality food including food fish. As a result, the sector has
gone through a very fast pace of development risking its
ability to continue providing stable livelihood to fishing
communities while at same increasingly over-fishing the
important resources with increasing dilTicultics to, in
sustainable way. supply the requirements of the fishing
industry and post-harvest sector. These concerns should
be mitigated in order to achieve food security in the
Southeast Asian region.

As defined by FAO. food security is attained and is in
place when food is available for everybody's access,
when people do not go hungry or do not fear of possible
starvation, and when all people have physical and
economic access to sufficient and safe food at all times.

The main aspects of food security could therefore be
associated with the availability of nutritionally adequate
and safe food including food fish, and the accessibility to
such foods through socially acceptable means. Fisheries
in the Southeast Asian region had always played the
major role of accelerating economic development and
generating livelihood opportunities, and in many ways,
contributing to the region's food security, considering that

Table 60. Population, fish production and consumption of the Southeast Asian countries

Countries
2009'

Population (millions)

Mid-201F 2025' 2050'

GNI PPP^

Per capita
(US$: 2009)

Ave per capita fish
consumption ^

(kg/person/year)

2009 Fish

Production ^

(metric tons)

^Population
below

US$2/day'
PPP 2000/2009

Brunei

Darussalam
0,5 0.4 0.5 0.6 -

44.04 2,418 -

Cambodia 14.8 14.7 18.0 22.3 1,820 32.97 515,000 57.0

Indonesia 240.3 238.2 273.2 309.4 3,720 31.43 10,064,140 51.0

Lao PDR 6.3 6.3 7.9 10.3 2,200 24.86 105,000 66.0

Malaysia 28.3 28.9 35.3 43.6 13.710 54.40 1,729,002 2.0

Myanmar 50.0 54.0 61.7 70,8 • 42.75 3,491,103 -

Philippines 92.0 95.7 120.2 150.1 3,540 53.49 5.084,674 45,0

Singapore 5.0' 5.2 5.8 6.1 49,780 23.0' 5,687 -

Thailand 65.0 69.5 72.9 71.0 7,640 37.97 3,137,672 27.0

Vietnam 88.1 87.9 100.4 109.3 2,790 41.47 4,782,400 38.0

Southeast Asia 590.6 600.8 696.3 793.2 4,490 27.00 26,917,096 42.0

World 6,705 6,987 8,084 9,587 10,240 145,000,000 3 48.0

Sources:
' 2009 World Population Data Sheet, Population Reference Bureau, Washington DC. USA
^ Mid-2011 Populations: estimates are basedonrecent censusand official national data. The effects ofrefugee mo\/ements. large numbers of foreign workers, and

population shifts duetocontemporary political events are taken into account totheextent possible
' Projected Populations 2025 and2050: Based onreasonable assumptions onthefuture course offertility, mortality and migration
' GNIPPPper capita 2009 US$: Gross national income (GNI) fepurchasing power parity (PPP) divided by mid-yearpopulation GNIPPP refeis fo gross national

income converted to"international" dollars using a PPPconversion factor. Basedon World Bank data
' Fishery Sfa//s//ca/ Bulletins for theSouth China SeaArea (SEAFDEC. 2010). Fishery Statistical Bulletin ofSoutheastAsia (SEAFDEC 2011]
'' Fishery Statistical Bulletin ofSoutheast Asia (SEAFDEC. 2011)
' Percent of population below US$2 per day: Percentage of population living in less than US$2 per day at 2005 international prices Based on World Bank data
" Agri-Food &Veterinary Authority ofSingapore
' The Stateof World Fisheries andAquacuHure 2010 (FAO. 2010a)
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the peoples in the region arc fish eating by tradition and 3. Increasing Demands for Environmentally
pressure from the growing population and Socially Sustainable Development

and demand for food together with the shifting paradigm of Fisheries and Aquatic Resources in
in food consumption (fish and other products) could lead Southeast Asia
to food insecurity in the future. When such situation isnot

insecurity in the Southeast Asian region Fisheries, marine and coastal habitats, and inland flood
ge worse considering that the region saverage per plains and wetlands are recognized priority areas for

national income ol below US$ 5,000 falls sociallyjust and sustainable development, for theASEAN

than one-hall ol the world saverage of more and Southeast Asian countries. The common objective ofan 10,000. development is for fisheries and aquatic resources

Tab! 1 continue to cater to the needs and requirements of the
-7nwf worlds populutiou increased rapidly growing population including the need to provide

2011 a' ri • inid-2008 to 6,987 million in mid- broad and diversified income and livelihood opportunities
miH-2no< expected to hit more than 8,000 million in while ensuring future food security for the people. For
Southen ^ 9,590 million in mid-205(). For the more than a decade, initiatives have been undertaken
frnm region, the total population increased to promote the FAO Code of Conduct for Responsible
andh to 600 million in mid-2011, Fisheries (CCRF), a global voluntary instrument that.... y ~ 925 the region s population could reach 700 provides a broad framework and guidance for national

ion and about 800 million by mid-2050. These figures and international efforts towards sustainability of
i th^ ^tiggest that the demand for food would increase the fisheries sector. The importance of the CCRF inenext five or so decades with subsequent increasing promoting food security and fisheries sustainability is

food items, including fisheries and well recognized by all countries in the Southeast Asian0 er aquatic products. Considering also the increased region,
more people to spend more on food fish

orhealth concerns as well as the availability offish in the 2011 Resolution and Plan of Action which
y, consumption pattern for food fish worldwide has is heavily hinged on the CCRF and in the ASEAN

area y shifted where more people are now consuming Community Blueprints, several aspects have been
more fish protein than other animal protein - the negative identified as priority areas to be promoted in the region.
SI e of this is that poorer groups of people would have These include sustainable use of fishery and aquatic
ess access to fish and aquatic products to sustain food resources with specific attention which should be given
security and their well-being. to the importance ofintegrating or coordinating fisheries
P management and habitat management. Iii the process,rom the point ofview ofthe Southeast Asian region, the the importance of managing fishing capacity (l^ge- an
rapi growth ofits population and increasing demand for small-scale) should be recognized as top priority since
ood is expected to add pressure on the natural resources this could result in reduced over-capacity, curtaile

increase the dynamism and competitiveness of the destructive and illegal fishing, and eventually no I
multiple uses of water and terrestrial resources. Thus, fishing.
It will be increasingly necessary for the countries in
outheast Asia to maintain aresources-based equilibrium Many development actions recommended for the coming
etween fish and aquatic resources and the available decade clearly point towards increased attention to

resources in order to attain food security. Therefore, the social matters and aspects related to poverty reduction,
need to balance conservation and exploitation of the and maintaining a healthy and productive environment,
aquatic resources through sustainable development of Efforts to mitigate the impacts ofclimate change and to
abitat and fisheries should be continued. In addition, in build up adaptive capacity are cutting across all activities

the development and management offisheries and aquatic in the region and relate to all sectors. Therefore, all
resources there is also a need for countries to strike a sectors and all segments of society in the region should
balance between the contribution of improved fisheries work together in reversing the trends of environmental
to national economic growth and to food security and degradation and loss of biodiversity, and in securing the
improved livelihood among coastal and inland groups of means of maintained livelihood for rural (coastal and
people throughout the Southeast Asian region. inland) communities. In addition, improving the working

conditions and status ofmigratory workers/fishers should
be addressed with emphasis on the important role of
women in local and national development perspectives,
the latter being one of the key priorities in the ASEAN
Blueprints.

liM
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In the entirety ofthe 2011 Resolutionand PlanofAction,
and the ASEAN Economic Community Blueprint, it is
necessary to enhance govemance in fisheries, promote
sustainable aquaculture development, and improve
the utilization, and safety and quality of fish while
at the same time also promote trade and compliance
with international trade requirements (quality, equity,
traceability, legal status). In other words, all these sum
up to the need to undertake initiatives that would reduce
practices that impede the sustainable development of
fisheries and the aquatic environment, in order that in the
coming decades food security could be achieved.

Sustainability of Marine and Aquatic Resources

Marine capture fisheries in the Southeast Asian region
have been the major contributor to totalfisheryproduction
in the region where contributions come fi-om both the
larger and smaller scale segments of the sector. The
larger vessels which are more urban-based are landing at
fishing harbors while the smaller vessels predominantly
land at smaller coastal landing sites or on the shore.
The smaller scale fishing efforts contribute to the basic
livelihood, food security and job opportunities along
coasts throughout the region, while contributing a vital
part of the rural/coastal social and livelihood structure.
Fisheries and the fishing industry are major contributors
to income generation, job opportunities and economic
development. The larger vessels employ large groups of
migratory crewmembers including migrants from other
countries. In a similar way, the processing industry in
Southeast Asian countries is a major employer with a
majority of them constitutes the female workers.

However, sustainability which at present necessitates
high level of involvement of people along the coasts and
in urban areas is being questioned due to diminishing
fishery resources and degradation ofstocks coupled with
the deterioration of natural habitats which had led to
decreased totalproduction from marine capture fisheries
in many countries ofthe region over the past decade. As a
consequence, some countries like Thailand for example,
imports large quantities of fish and aquatic products to
keep canneries and other processing industries going at
high capacity.

Under the circumstance where deterioration of fishery
resources has taken place, attempts have been made by
several countries and relevant organizations in the region
to explore new potential fishery resources including
demersal and deep-sea resources in order to cope up with
the ever-increasingdemand forfish.Carefulconsideration
should be given on the fact that fishery resources in these
areas could be very scarce in nature. Without adequate
information on the status of these resources, effective
managementmechanismcould not be put in place for the
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sustainable utilization of the resources. In addition, since
these new fishing areas may not be easily accessible,
the returns that could be derived from exploiting these
resources might not be able to cover the operations costs,
not even to mention the cost for undertaking the research
and exploration activities in the first place.

Improving Governance and Management for
Sustainable Fisheries

The rapid and largely uncontrolled development of
fisheries throughout the region during the past decades
where especially the larger scale fishing operations have
increased their share of production, are often in conflict
with the needs and rights of smaller fishing communities
to fish and maintain their livelihoods as well as their

share of the aquatic resources. There is now a substantial
over-capacity among larger fishing vessels as a result
of the uncontrolled expansion in the sector. Moreover,
an increasing number of people are getting involved in
coastal small-scale fisheries and the number of vessels

also increased which in turn lead to over-capacity in
many coastal areas. Increased fishing efforts, including
encroachment of larger vessels in coastal waters,
comprise threats to the sustainability of the fisheries in
coastal areas.

Fishery resources are common property and belong to no
one and no country, unless caught. This signifies special
challenge for govemment agencies in each country and
the region as a whole, to adopt sustainable fisheries
management measures with clear mandates on their
roles and responsibilities, including the proclamation
of restricted areas, conservation zones which should be
complied with by those involved in fishing operations
(large-, as well as small-scale). One of the big challenges
that lie ahead is to manage fishing capacity (reduce
over-fishing), combat lUU fishing, and curb resource
degradation, where the latter is a special challenge
as it requires cooperation across sectors including
non-fisheries activities that are equally damaging the
environment and coastal habitats. In Southeast Asia,

there is a growing recognition that in order to have good
chances to succeed, the countries in the region should
cooperate either as part of the whole region or as part of
sub-regional arrangements.

A growing concern has been made known at global
level and regional levels such as in Southeast Asia, on
the need to manage fishing capacity to reduce over-
fishing and to combat illegal and destructive fishing to
ensure sustainable utilization of the fishery resources. In
responding to such concern, countries in the region have
increased their efforts in the promotion of responsible
fishing technologies and practices in order to improve
fisheries management and to manage fishing capacity.
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There is also an increasing strong consensus in the region
on the need to strengthen measures to combat Illegal,
Unreported and Unregulated (lUU) fishing, particularly
through port state measures, flag state measures and
other measures as practical. The FAO Legally-binding
Instrument on Port State Measures to Prevent, Deter and
Eliminate lUU Fishing and the European Commission
Regulation to Establish a Community System to Prevent,
Deter and Eliminate lUU Fishing are indications that
increased emphasis is being given to strengthen the role
of port states in monitoring fish and fishery products,
check the validity of catch documents, vessel records,
crew lists and any other documents that could verify
the legal status of the catch. In order to provide proper
documentations, flag states should improve their records
as the port states are carefully inspecting the documents
issued by the flag states to verify that fish and fishery
products are derived from legal fishing operations.

Further efforts to manage fisheries to combat lUU
fishing, as indicated above, should also be pursued by
flag states, particularly through the intensification of
vessel registration and record systems, development of
appropriate catch documentation system and mechanism,
andstrengtheningofmonitoring, control andsurveillance
measures to improve management of fishing capacity
and to combat lUU fishing. Local communities, fishing
industry and relevant stakeholders should, as relevant
in each area, be involved throughout the processes. The
need to develop the harmonized catch certificationsystem
for countries in the Southeast Asian region has recently
been recognized and will continue to be on the agenda,
not only to enhance the competitiveness of countries in
trading theirfish andfishery products to the international
markets, but also to ensure the sustainable utilization of
fishery resources in the region. Concerted actions are
therefore growing among the Southeast Asian countries
with the objective of enhancing capacity to develop the
legal framework for fisheries management that could
address among others, such concems as excess fleet
capacity; significant amount of by-catch and discards;
monitoring, control and surveillance (MCS) networks
for fishing operations; and collection of fishery data and
information.

Governance: It is important to have different approaches
in improving governance with regards to large-scale
fishing and coastal fishing operations, considering
that the large-scale or commercial fishing is to a large
extent urban-based, while the coastal fisheries which
are considered to be the "traditional" fisheries sector are

available all over the region in coastal/rural areas. For
the large-scale segment, stricter rules for registration of
vessels, rules to issue licenses to fish and regulations
with regards to the working conditions of crew members
including proper documents for all (including migratory

workers) should be imposed. On the other hand,
improving govemance in coastal fishing operations
and the well-being of communities, could be achieved
by enhancing the participation of the communities in
fisheries and environmental management, and promoting
effective accountability of the resources by the users.

Improving local organizations based on "rights" as
specified in local regulations, is increasingly recognized
as a key element in strengthening the communities
not only within fisheries but also to a broader aspect,
the livelihood base which includes other sectors. This
implies that initiatives should be undertakento strengthen
local institutions and enhance the roles and functions

of community members, including those of women,
in mral development as well as in fisheries and habitat
management. This approach is expected to strengthen
the position of coastal communities in ensuring their
continued existence and the sustainable utilization

of fisheries products and other resources, especially
in situations where there is increasing pressure from
other resource users including encroachment of other
sectors in coastal areas. Another important impact when
communities are strengthened would be their improved
adaptive capacity and resilience torespond tothe effects
ofclimate change.

Fisheries cannot be managed in isolation but through
the integration of fisheries and habitat management
considered from the broader point of view in terms of
improved govemance and sustained efforts to combat
illegal and destmctive fishing. In an effort to improve
management and social well-being in a broader context,
FAO has launched the Ecosystems Approach to Fisheries
(EAF), which in general refers to efforts to increase the
contribution of fisheries to sustainable development,
the promotion of ecological pursuits such as habitat
protection and conservation, and the ways ofmaximizing
socio-economic benefits including increased and
equitably distributed wealth and sustainable livelihoods.
Looking at the socio-economic benefits, the adoption of
EAF should be pursued by the countries in the region.

Habitat Conservation, Restoration andRehabilitation:
There is an increasing commitment among fisheries
agencies in the Southeast Asian region to give more
attention to initiatives that support the management of
habitats and important ecosystems in order to sustain
fisheries production and conserve aquatic resources
in coastal areas. Several initiatives had been put into
practice in the region, including the establishment of
conservation zones such as Marine Protected Areas,
fisheries refugia, wildlife sanctuaries and other "fisheries
resource conservation areas". These initiatives are going
to increase and thus, should be promoted giving due
considerations to the linkage between specific locations
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and critical life-cycle of important aquatic species, and
eventually improve cooperation among countries and
relevant agencies. In addition to habitat conservation and
restoration, resources enhancement should be carried out,
particularly in areas where the fishery resources/stocks
have fallen below the ecosystems' carrying capacity.
This could also include deployment of artificial reefs
(ARs) as means of addressing the concem on fish habitat
degradation and overfishing, taking into consideration
the real purpose of ARs whether these are for fisheries
or for coastal resource enhancement, which should be
clarified.

Sustainability of Inland Fisheries

Although coastal marine capture fisheries have been
providing very significant portion of the region's total
fisheries production, the substantial importance of inland
fisheries in Southeast Asia in terms of its contribution
to livelihood and food security should be recognized.
Very largegroups ofpeople depend ontheavailability of
natural resources such as freshwater resources, for their
livelihood. In Cambodia alone, more than eight million
people are dependent onthecountry's freshwater aquatic
resources. Evenifstatistics oninland fisheries production
are available in most countries in this region, but it has
been generally recognized that such figures could be
very much under-reported as large portion of the catch
from inland fisheries goes directly to local or household
consumption, since there are not many stations near
inland water bodies that do the information gathering.

The unavailability of accurate data on inland capture
fisheries make it difficult to value its importance
as well as those of related ecosystems (wetlands),
and hence, it is quite improbable to point out that the
inland fishery resources have been exploited above the
maximum sustainable yields. Countries in the region
should therefore strengthen their efforts to improve data
collection on inland fisheries as the information could
serve as basis for evaluating the extent of exploitation
of their respective inland fishery/aquatic resources, and
for enhancing the awareness of stakeholders on the
importance of inland fisheries, especially the planners,
policy makers and other resource users in order to
minimize cross-sectoral conflicts.

The largest threat to inland aquatic resources and
wetlands includes the numerous construction activities
and infrastructure developments that are prominent in
the region. Structures being developed such as dams
and reservoirs, weirs among others, could endanger the
aquatic resources due to the disrupted inter-connectivity
of inland habitats and threaten the extinction of certain

aquatic species, particularly those whose life cycles
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depend on upstream/downstream migration. In the like
manner, other structures and developments such as roads,
urban and industrial estates, and filling up offlood-plains,
rice fields and wetlands, also create impacts to the aquatic
resources. In this regard, mitigation measures appropriate
for the region which could include as appropriate, the
development of fish pass models and installation of
culverts under road systems that could provide channels
for the migration of inland aquatic species should also be
explored.

Sustainability of Aquaculture Development

Over the past decade, reduction of fishery resources/
stocks and deterioration of habitats in many countries
had led to declining trend in the total production from
capture fisheries. On the contrary, the contribution of
the aquaculture sub-sector to the sustainability of fish
production in the Southeast Asian region has significantly
increasing. Such development has been brought about
by the fast development of culture technologies and
introduction of new or genetically improved aquaculture
species with promising future. As a result, production
from aquaculture has almost doubled over the past
decade.

In order to support the sustainable development of
aquaculture in the region, research and development
(R&D) on appropriate culture technologies for all culture
stages of important aquatic species should be undertaken.
Specifically, R&D to improve technologies that ensure
steady supply of good quality seeds should be backed
by necessary supportive national policies that aim to
promote better hatchery management practices as well as
responsible collection and use of wild broodstocks and
seeds.

In addition, priority should be given on the development
of technologies that minimize the dependent of culture
activities on fishmeal and fish oils as ingredients for
fish feeds, e.g. by exploring appropriate plant-based
meal substitution and enhancing the digestibility of
plant-based feeds. In controlling the occurrence of new
and emerging aquatic diseases, surveillance of disease
transfer into wild populations should be enhanced by
embarking on regional initiatives that aim to harmonize
disease control standards and implementing contingency
plans to handle the incidence of diseases. In this regard,
the concept of healthy and wholesome aquaculture,
which includes curtailing irresponsible culture practices
that threaten food safety and create negative impacts on
the ecosystem, should be promoted. More particularly,
the use ofefficient feeds to optimize production ofquality
farmed aquatic species with the least negative impact on
the environment should also be pursued.
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During the past decade, a growing number ofcertification
requirements (quality, health, hygiene) including those
developed by the private sector for the trading of
aquaculture products in the international markets had
emerged. This has created additional constraints to most
aquaculture farms in the region in complying with all
the requirements. With the recent development of the
FAO Technical Guidelines on Aquaculture Certification,
requirements for certification could be harmonized
y making these more straightforward, to ease any

unnecessary burden on the part ofaquafarmers. Although
t e FAO Technical Guidelines is voluntary in nature,
countries in the region should explore the possibility
0 developing their respective national certification
^sterns which should be hamionized with the FAO

uidelines, to facilitate trade and to make the countries
mwe proactively prepared for any new requirements on
tra ing ofaquaculture products that could come to light
m the future.

Safety of Fish and Fisheries Products:
ASEAN Requirements

The importanceofimproving the safety offishery products
or regional utilization is rapidly gaining recognition

especially with respect to the integrated economic status
w ic is being established under the ASEAN Community
ramework. In spite of the difficulties encountered in

en ancing the safety of fish and fishery products due to
scarce resources, considerable efTorts had been gradually

the region especially on the development
° plans for fish and fishery products, adoption
° , MP/SSOP plans for SMEs producing traditionalpro ucts, establishment of regional methodologies
or analyzing chemical residues in fish products,
annonization and validation of laboratory methods,

an implementation of proficiency testing. Given all
t ese means, the countries in the region should be able
to enhance their capacity to monitor food safety and food
qua ity, although efforts should also be re-focusedto take
into consideration additional requirements that could
arise in the next decades.

Initiatives have also been undertaken by the countries
in the region to enhance their capacities especially in
va idating analytical methods of detecting important
c emical and drug residues in aquaculture products,
w ich together with the promotion of appropriate
aquaculture technologies, aim to minimize chemical
residues and prevent possible technical barriers to trade
of the region's fish and fishery products. In addition,
efforts to assure the quality and safety offish and fishery
products for domestic and local consumption, particularly
the traditional fish products that are widely produced and
consumed by local populace, should be sustained.

Furthermore, significant improvements in terms of
improving and developing post-harvest facilities, have
also taken place in the regionoverthepastdecades, which
involved the construction of more cold storage and ice
plant facilities as well as infrastructures for fish handling,
distribution and marketing, and the development and
adoption of techniques to improve fish handling onboard
fishing vessels in order to maintain the quality of
catch. Modem fish processing factories have also been
established in many countries for generating high-value
and high-quality fish and otherfishery products.

In the midst of the increasing demand forfish forhuman
consumption in the region, the present supply and the
pressures from the markets lead to more quantity of
fish being diverted for non-human use. It is feared that
over the next decade, more low-value fish would be
diverted from direct humanconsumption dueto therapid
expansion of the aquaculture sub-sector. Meanwhile,
catch of the so-called low-value fish could include
juveniles ofhigh-value species, while high-value species
could be transformed into low-value fish due to poor
handling onboard fishing vessels, particularly in the
case of small fishing vessels. Onboard fish handling
technologies that are appropriate for small fishing boats
should therefore be developed to improve the quality of
catch and minimize discards. Parallel toproper onboard
handling, onshore technologies should also be promoted
for efficient handling and maximizing the utilization o
catch so that more fish and fishery products could be used
for human consumption.

Moreover, the development of value-added products
from low-value fish should also be pursued with much
intensity. Considering that technological innovations in
transforming low-value fish into value-added products
are already available, for example in the development
of the surimi industry, assessment ofsuch innovations
throughout the entire supply chain should be continued,
with the objective of developing more appropriate
technologies that are aimed at producing higher quality
fishery products to improve economic returns, reduce
wastage, and enhance processing by-product utilization.

Enhancing TVade in Fish and Fishery Products

In 2007, the Southeast Asian countries exported 7.4
million metric tons offish and fishery products valued
at US$ 14.4 billion (SEAFDEC, 2010), accounting for
about 30% ofthe region's total fish production in terms
ofquantity and 60% in terms of value, with Thailand
and Vietnam among the top ten exporting countries. The
annual growth rate offood fish exported from Southeast
Asia was recorded at 7% as of 2009 (WTO, 2010). With
this record, it could be gathered that export of fish and
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fishery products fi"om the region continued to increase,
implying further that the fisheries sector has been
producing more fish and thus, has continued to provide
employment opportunities formorepeoples intheregion.

The demand for fish and fishery products has increased
together with the increased concems of consumers for
good quality and safety of the products, prompting the
call for sustainable utilization and harvesting as well as
proper management of the fishery resources. Exporting
countries have tocomply with the demand, requirements
and other trade-related measures in order to maintain
their niche in the markets and boost their respective
economies. Meanwhile, importing countries continue to
enforce several measures as conditions for trading of fish
andfishery products, which include voluntary instruments
and non-voluntary agreements. In particular, important
measures and requirements imposed by importing
countries include those on traceability, certification,
labeling, fisheries subsidies, and welfare of fishing
crew and fishing labor. In order to strengthen the export
of fish and fishery products from the Southeast Asian
region, countries should examine carefully and consider
complying with the relevant measures and instruments
which are now commonly practiced in intemational trade
and hasalso been increasingly becoming part ofthe basic
requirements fortrade among the ASEAN countries.

The drive towards sustainability has also taken an
important angle in the ambitions to protect and conserve
the aquatic biodiversity. Increasing attention had already
been given on specific species such as cetaceans, several
tuna species, marine turtles, and sharks among others.
Therefore, conservation and management measures
had been put in place to protect the endangered species
while trade regulations had been imposed under the
UN Conventions to ensure sustainable exploitation of
the species. The Convention on Intemational Trade in
Endangered Species ofWild Fauna and Flora (CITES) is
one of the conventions that regulate intemational trading
of species that are threatened to extinction. While the
regulations imposed by CITES had been under debate in
many countries in the SoutheastAsian region, countries
should continue to undertake measures to ensure the

sustainable exploitation of endangered aquatic species.

Addressing Emerging Challenges and Cross-cutting
Issues

Data and information: The growing requirements for
sustainable development and management of fisheries
require the availability ofadequate, improved and reliable
data and information. To keep up with the fast pace of
development in fisheries, real-time fisheries data will
increasingly be required, especially for providing better

I no

understanding of the status of fishery resources/stocks,
including information on species that are considered
to be endangered and receiving special intemational
attention. Identifying the data required and strengthening
the capacity of countries in the collection, analysis and
utilization of fisheries data and information for science-

based policy formulation and management of fisheries,
constitute additional areas of concem for countries in

the region. More particularly, in order to obtain time-
series data for understanding the status and trend of
fisheries and for the sustainable management of fisheries,
collection of fishery infonnation and statistics should be
improved and strengthened at the national and district
levels since such infonnation could also serve as basis

for national planning and management, and eventually
for compilation and analysis at regional and global
levels. Considering however, that collection of sufficient
statistics requires sufficient human resources and budget,
appropriate non-conventional methodologies should be
explored and applied, since the results could also be used
by the countries in deriving better statistical data in the
future. In addition to scientific and statistical data, the
importance of traditional/local knowledge should also be
recognized and appropriately compiled and utilized.

Climate Change: Considerable attention has now been
focused on the potential impacts of climate change and
on the need for countries to take up measures to adapt
and mitigate such impacts to fisheries and aquaculture,
and the people involved in and dependent on the aquatic
resources and wetlands. While scientific ability to
predict changes in weather, climate and water circulation
remains limited, the magnitude of the potential impacts
of such changes on fish stocks and the ecosystem is even
more difficult to foresee. The nature of impacts which is
fairly well-known could be used in building up adaptive
capacity in coastal and inland communities, which
are already well adapted to respond to any "climate
variability". Since seasonal patterns never look the same
to the extent that people now need to cope with longer the
dry season and large amount of rainfall in the wet season
including large accumulation of water in various areas,
countries would need to develop appropriate adaptation
and mitigating initiatives, and establish precautionary
approach which should be built upon their capability
to cope with the changes. Research and inventory of
relevant data and information especially focusing on
local/traditional knowledge should be pursued, since the
results could provide better understanding on the extent
ofclimate change and the potential impacts. Furthemiore,
the fact that the impacts of climate change are very much
area specific should be well recognized as there could
be no common approach applicable for each and every
area of the region. Furthermore, measures on safety at
sea (and on land) including improved working conditions
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should also be adhered to. In addition, fisheries and

aquaculture sectors should also exert efforts in reducing
carbon footprints to mitigate environmental impacts
from the sectors which lead to climate change.

Working Conditions of Fishers Including Migratory
Work Force: The ASEAN Community Blueprints
give high priority to the improvement of working
conditions and the status of migratory workforce,
especially applicable to vessel crew members and
fishers as well as those working in processing industries.
Recommendations from countries in the ASEAN region
dovetail towards the development of a regional standard
which should be in accordance with intemational

requirements, especially on health and safety standards
for crew members on fishing vessels as well as for safety
at sea ofsmall fishing boats. In the like manner, improved
standards should also be applied in the fish processing
industry. While initiatives have been undertaken by the
Southeast Asian countries to comply with the health
and safety standards, consideration should be given to
ensuring good employment practices in fishery-related
activities in line with respective domestic laws and
regulations, while adhering to regional and intemational
requirements. Efforts should therefore be exerted to
mainstream and integrate the safety issues into the
respective national policies on management of fisheries
and post-harvest industries, taking into account the fact
that in the Southeast Asian region, coastal and inland
fisheries are mainly small-scale and artisanal that include
subsistence activities, and involve children and women,
particularly in the post-harvest activities and trading of
fish and fishery products. Similarly for the larger-scale
segment of the fisheries and related activities in the

region, where large numbers of migrant laborers could
be involved, possibly reaching several millions although
the official/accurate data are not available. This could
also mean that there could be several millions of workers
specifically in the processing industry which comprise
mostly women.

Human Resources Development: While progressing
towards global and regional competitiveness, countries in
the region should ensure that qualified human resources
are available in relevant disciplines (fisheries and non-
fisheries). This concern has increasingly become cmcial
with the approaching establishment of the ASEAN
Community in 2015. During thepast decade, the areas of
human resource expertise in fisheries of most countries
are moving towards those that provide higher economic
benefits, such as capture fisheries and aquaculture, as
well as in post-harvest and processing enterprises. While
attention is now shifting towards economics and areas
that could generate higher returns (for fewer people), the
scarcity of expertise in several fundamental subjects has

become very noticeable, particularly in fisheriesbiology,
laws and legislation, as well as in emerging concems
such as social and migration aspects. The countries
should therefore review the availability of expertise
in order to establish a clear picture of their respective
current available human resources and be able to nail
the important gaps in the existing expertise. This also
implies the need to match the existing available human
resources in wide-ranging disciplines and the demand to
fill up future requirements.

4. Future Direction and Way Forward

There is no doubt that the fisheries sector of the Southeast
Asian region could continue to play the vital role of
ensuring food security and improving the economies of
the region. However, this goal can only be achieved if
the prevailing issues in thefisheries sector areaddressed,
while the possible adverse impacts of emerging issues
that come to light in the coming decade are mitigated.
Thisrequires that thecountries should continue tomuster
their collective efforts for the next decade in accordance
with the region's mission ofachieving Fish for the People
2020.

It could therefore be foreseen that by2020 and beyond,
the region would attain the age ofgolden fish harvest,
and with much optimism, fish produced fi"om the region
would be among the high value food commodities of the
world or even the best of its kind. What is necessary to
boost such confidence istomaintain alevel ofequilibrium
where in the fish demand and supply equation, the
exploitation and utilization of the fishery resources
should not outweigh the increasing demand for food
fish as enhanced by capacity of consimiers to buy fish
for health reasons, notwithstanding the fair benefits that
could be reaped by the fishers to sustain their livelihoods.

Meanwhile, it is very likely that in the midst of a very
competitive fish market, the number of intemational and
even regional instruments would continue to increase for
thesustainable development and management offisheries
worldwide. Such situation makes it necessary for the
countries in the region to get together and come up with
common means of complying with such instruments,
taking into consideration the uniqueness of fisheries
in the region which remain small-scale and exploiting
the multi-species resources, by beefing up fisheries
govemance and measures to conserve and rehabilitate
the natural resources. While requirements for safety,
welfare and sound working conditions offishers would
prevail in the intemational arena, countries in the region
should adopt good employment practices in line with
their respective domestic laws and regulations, which
also complying with the intemational requirements.
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Therefore, in the perspective of achieving the goal for terms of quantity, quality and variety, is available for all
regional economic integration by 2015, countries in the peoples at all times, which in turn also addresses poverty
region should also consider the adoption of resource especially in rural areas. In a broader sense, a well-
audit schemes to make the resource users accountable balanced demand and supply of food fish should be set
for the natural resources that they have been exploiting, as the ultimate goal to reach the age of golden harvest
This also implies that the countries should educate in fisheries. After all, when all factors come into reality,
the stakeholders on how to fish responsibly and adopt it could be surmised that the region's fisheries would be
traceability offish and fishery products. Considering that one sector which could take care of food security for the
the peoples in the region are fish-eating, countriesshould future generations of the Southeast Asian region,
ensure that food fish which is nutritionally adequate in
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APPENDIX 1.

PART IV

Appendices

SEAFDEC PROGRAMS ON SEATURTLES IN SOUTHEAST ASIA

Project Activities/Objectives

1998-2004: Conservation and ManagementofSea Turtles inSoutheast Asia

SeaTurtle HatcheryManagement
To develop a common tool in conserving sea turtles through sustainable
hatchery management focusing on the green turtle. Chelonia mydas

Tagging Survey
To gather information onmigration pattern, growth and mortality rales,
reproduction and population estimates, among others.

2005-2009: Stock Enhancement of Sea Turtlesinthe SoutheastAsia

Tagging and SatelliteTelemetry Tracking
To enhance sea turtle migration studies in the region, specifically in
countries where turtle rookeries are concentrated.

Head Starting Technique
To collect Information and conduct analysis on head-starting, a technique
for raising sea turtles in captivity for release later to improve survival during
their early years, which is still relatively new in theregion.

Sea Turtles- Fisheries Interaction
To mitigate the interaction between sea turtles and fisheries and minimize
mortalities of sea turtles from fishing operations.

Accomplishments

'Aguideto Set and Manage Sea Turtle Hatcheries in theSouf/ieasMs/an
Reg/on "was published. The book provides useful Information and guidelines
in setting up and management ofsea turtle hatcheries based on knowledge
established on-site in Malaysia andexperiences ofother countries.
Using this book as guide, turtle hatcheries in the region would beable to
continuously produce halchlings inordertoenhance sea turtle conservation
activities.

'Conseiyation and Enhancement of Sea Turtles in the SoutheastAsian
Region was published. The book highlights on the measures undertaken by
the ASEAN countries in conserving and managing sea turtles including laws
and enforcements on conservation, establishment of sea turtle training and
public awareness.
'A Guide for Tagging Sea Turtles in the SoutheastAsian Region'was also
published to help the countries in the region in standardizing theirown turtle
taggingactivities.

. u. « . Awareness of the region's fishers on TEDS was promoted through aseriesTo develop Turtle Exclude Devices (TEDs) suitable for the ASEAN countries of demonstrations conducted in Thailand, Malaysia, Philippines, Brunei
in response to the US embargo on shrimps caught by gear not equipped Darussalam, Indonesia, Myanmar, Cambodia, and Vietnam. The use of
with means to prevent sea turtle by-catch, which was also imposed on the TEDs has already been advanced by many countries in the region
SoutheastAsiancountries posing threat to the livelihood offishe--"--
region.

Collaboration and Partnerships
To enhance regional collaboration and partnerships in sea turtle
conservation and management

MOU onASEAN Turtles Conservation and Protection was adopted atthe
AMAF Meeting in1997.
The ASEAN Network on Sea turtles was established asa regional taskforce
to promote the conservation and management of seaturtles in the region.
Development of Turtle Research Database System was promoted by the
Western Pacific Regional Fisheries Management Council in collaboration
with Department ofFisheries Malaysia.
Cooperation with SEASTAR2000 was finalized for the satellite tracking of
sea turtles.

Tagging of seaturtles (green turtles, hawksbill and olive ridley) using Inconel
tag, Passive Integrated Transponder tag {P!T)/microchip and Platform
Terminal Transmitter (PTT)/satellite telemetry tracking was conducted in
participating ASEAN countries.
Posters highlighting theSEAFDEC tagging program were distributed for
publicawareness.
Results indicated that seaturtles are sharing resources and their foraging
has been confirmed in certain areas in the Southeast Asian region.

Information collection on head starting programs in the region and other

Assessment/evaluation oflessons learned from theintroduction and
promotion ofTEDs in shrimp trawls was carried out taking into account
the 2004 "FAO Guidelines toReduce Sea Turtle Mortality inFishing
Operations".
"Collection of Information on Sea Turtle Interaction with Fishing Operations
in Southeast Asia'.

Result ofthecomparative study ontheefficiency ofthe Circle hook andthe
J-hookinpelagic and bottom long lines indicated thatthe use ofCircle hook
(with larger hook width which thesea turtles could not swallow) was the
most suitable device for the consen/ation of sea turtles.
'Mitigation ofFishery- Sea Turtles Interactions: Efficiency ofThe Circle Hook
in Comparison with J-hook in Longline Fishery" was published containing
the outcomes ofthe studies on mitigation ofsea turtles andfisheries
interaction.
When seaturtles are caught by the Circle hook, hooking position isonly
around their jaws thus, the hook could beeasily removed.
Results also showed that sea turtles caught by the Circle hook have no
serious injury andcould be release safely back to the sea.
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DNA Study
Toidentify stock/population of sea turtles from the ASEAN regionand detect Southeast Asian Region'was published to guide the countries in collecting
multiple paternities for estimationof stock size of male sea turtles.

Project Activities/Objectives

Sea Turtle Information Dissemination
To enhance awareness, knowledge andunderstanding ofthe public on sea Volume 1 : Sea Turtle Evolution and Biology
turtles andspreadawarenesson the needto protect and consen/e the sea Volume 2 : Sea Turtle Distribution
turtles as well as the environment as a whole.

Volume 4 : Conservation Genetics of Sea Turtle
Volume 5 : Public Awareness on Sea Turtle

2010-2014: Research and Management of Sea Turtles in Foraging Habitats in the Southeast Asian Waters

Genetic study
Tostudypopulation structuresof sea turtles In the region bygeneticanalysis habitat was conducted. Atotal of 28 tissue samples of green turtles were
for conservationof the sea turtle populationsinthe region. collected.

The range size of curve carapace length (COW) of the specimens was
between 61 cm to 102 cm and the weight between 25 kg to 105 kg.

Trainingfor scientific survey on foraging habitats Scientific survey of ecological parameters in a pilot foraging habitat of sea
turtles (Brunei Bay) was conducted.
Fauna and flora on the sea bottom of the habitat were surveyed by divers.
Water quality, such as salinity, temperature, turbidity, and chlorophyll
content, was monitored.
Technical Officers from Brunei and Malaysia (Sabah) were invited for the
training on ecological survey-

Tagging of sea turiles Implementation of inconel tagging was continued at the focused nesting
To study population structures ofsea turtles in theregion byconventional sitesof sea turtles in participating Member Countries and tag recoveryhad
tagging for conservation ofthesea turtle populations in the region. been monitored.

Atotalof 40 green turtles were tagged in Peninsular Malaysia, 30 green
turtles were tagged in Sarawak. Malaysia and 60 green turtles were tagged
In Sabah, Malaysia,

SatelliteTelemetry One juvenilegreen turtle was released in Lawas foraging habitat of Sarawak
Tostudypopulation structuresof sea turtles inthe region bysatellite tracking waters on 12 February 2011.
forconservation ofthe sea turtle populations inthe region. ~ ' . .. .. .

Sea Turtles- Fisheries Interaction

Accomplishments

'The Standard Operating Procedure: Sampling Tissue of Sea Turtles in the

tissue samples-
For green turtles, the genetic study by using mitochondria (mtDNA) analysis
had identified 11 genetically distinct breeding stocks (Management Units/
Units stock) throughout Southeast Asia Region.
For hawksbill turtle, due to the small number of its population, the samples
also small (88 samples/10 locations) and no breeding stock can be
concluded.

Pilotstudy on Determination of Multiple Paternity of Green Sea Turtles
from MakKepit. Redang Island. Terengganu. Malaysia found that multiple
paternity occur at that population with 5 clutches are single paternity and 4
clutches are multiple paternity.
Symposium on Cloning of Sea Turtle was convened in March 2006 in
collaboration with the DoF Malaysia to discuss and compile methodologies
and techniques for cloning sea turtles.
The 'Conceptual Framework on Cloning of Sea Turtles and Master Plan:
Cloning of Sea Turtles'was published. The Master Plan describes the
establishment of advanced reproductive biotechnology and captive breeding
for the sustainable management of sea turtles.

Five volumes of "Sea Turtle Information Kit" were published in 2006:

Volume 3 : Sea Turtle Hatchery

Collating on tissue samples of sea turtles in Lawas, Sarawak foraging

From 12 February until 30 April 2011 the turtle with ID No.67589 is still
swimming in Lawas waters of Brunei Bay with the distance between 5 and
34 km from the shore.

This indicates that Lawas waters with seagrass bed are foraging habitats of
this turtle.

Continuation of the study was made for modification of responsible fishing
gears to reduce the sea turtles by-catch.
Promotion and awareness raising on the use of C-hook in hook-and-line
fishing in SEAFDEC Member Countries was also conducted.
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Country

Brunei Darussalam

Cambodia

Indonesia

Lao FDR

Malaysia

Myanmar

Philippines

Singapore

Thailand

Vietnam
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AQUATIC SPECIES FARMED IN SOUTHEAST ASIAN COUNTRIES AND SOURCES OFSEEDSTOCKS

Species Sources of Seedstock

Tilapia (Nile, red), giant freshwater prawn, sea bass, grouper. • Halchery-bred for most species except for trevally but If
snapper, shrimps (R monodon. Lstylirostris). trevally insufficient, certified seedstocks are imported from Malaysia.

Indonesia. Thailand and Philippines (Metali, 2011)
Thai silver barb (Punffus gonionotus). common carp. Chinese • Hatchery-bred especially for most of the indlqenous
CflrOR i cr» \ Milo anH fr6ShWdt6r Sp6Ci6S

*wild seedstock since none areas yet available from
hatcheries (Da, 2011)

Catfish (O batrachus. Pangasius sp.). tilapia. carp, gourami, • Hatchery bred but supply still insufficient hence some
shrimps (P. monodon. P. vannamei). seedstocks are imported or collected from the wildm, .o /c:„ ^ 240 grouper backyard hatcheries; 1820 milkfish backyard

hatcheries (Sugama, 2011)

Snakehead* (Channa stnata) and pangasid catfishes*

milkfish, grouper {Epinephelus sp., Cromileptis altivelis.
Plectropomus sp.), sea bass/barramundi (Lafes calcarifer),
crabs (Scylla sp.. Portunus sp.). shellfish (abalone, pearl
oyster), seaweeds {Eucheuma cottonii and Gracilaria sp,)

Chinese carps (bighead carp, silver carp, grass carp). Indian • Fingerlings produced in 30 government stations and 33
small-scale pnvate hatchenes (Roger, 2011)

macrocephalus). barb (Punlius gonionotus) and indigenous
species,e.g. Cirrhinus microlepis. Monjlius chryzophecadion

16 marine fish species,4 marine shrimp species, mollusks
(blood cockles, green mussels, oysters)*, seaweeds, giant
freshwater prawn*, mudcrabs*. 15 freshwaterfish

Hatchery bred
*Wild sourced (Hassan etai, 2011)

. . -- .....species,
Nile and red tilapia.

Tilapia (0. mossambicus). rohu. striped catfish (Pangasius • Hatchery bred
sutchi). sea bass (Lates calcarifer)'". red snapper**.
grouper** and seaweeds (Eucheuma cottonii). mud crab

Nile tilapia. red tilapia. Chinese carps, catfish, milkfish. ....
shrimp, mud crab, grouper, sea bass, red snapper, pompano, usually dominated by the private sector
rabbitfish. abalone, sea cucumber, seaweeds

Marine species include: Asian sea bass, grouper
(Epinephelus and Plectropomus spp.), snapper (Lutjanus
spp.). pompano, trevally. mullet, milkfish. marine tilapia.
Pacific oyster, lobsterand green-lipped mussel
Freshwater species include: giant snakehead, tilapia. marble
goby and catfish

Tilapia, common carp, silver barb, snakeskin gourami. striped • Private hatcheries especially for freshwater aquaculture
snakehead. striped catfish, giant freshwater prawn, marine
shrimps (R vannamei. P. monodon. P. merguensis). green
mussel, arc shell, oyster, sea bass, groupers (Epinephelus
spp.). snappers (Lutjanus spp.)

Black tiger shrimp. Mekong Pangasius. tilapia, Chinese and • Seeds produced by bribers from five
Indian carps, giant freshwater prawn centers (under research institutes, k

hatcheries (Luu. 2011)

"SrsWc'tTuSne^and quality controi (Hishamunda
eta/..2009) ^

wild sourced prior to2004 (Win, 2011)

• Halchery-bred; somewild-sourced (Adora, 2011); hatcheries

• Hatchery bred for somespecies
• Seedstocks are also imported from Indonesia, Malaysia,

Philippines andTaiwan

seedstocks
• Seabass seeds from government and private hatchenes
• Grouper, snapper mostly from wild seeds (Yashiro et al.,

2011)
national broodstock
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APPENDIX 3. GENETIC METHODS EMPLOYED IN VARIOUS SOUTHEAST ASIAN COUNTRIES FOR PRODUCTION OF

QUALITY SEEDS FOR AQUACULTURE

Genetic Program/Method

NILETIUPIA

Genetically improved farmed tilapia (GIFT) program
• Combined family and within family selection for Improved

growth

Genomar Project
• Combined selection forimproved growth

GET-Excel Program
• Out-crossing twofast-growing strains (FAST and GIFT)

forimproved growth

GeneticallyMaleTilapia (GMT) Program
• Selective breeding,sex reversal methods

Bracklshwater Enhanced Selected Tilapia (BEST) Program
• Hybridization and outcrossing

RED TILAPIA
• Originally through interspecific hybridization;

conventional breeding forstrain propagation

CATFISHES (C/ar/as spp)

• Interspecific hybridization (betweenC. macrocephalus,
and C. gariepinus)

OTHER FRESHWATER SPECIES: Probarbus jullieni

• Molecular biology and genetic engineeringtechniques

GIANT FRESHWATER PRAWN
• Broodstock management
• Strain evaluation

• Selective breeding

MARINE SHRIMPS
• Selective breeding (marker assisted)

MARINE FISHES {Latescalcarifei)

• Selective breeding for disease resistance

• Sperm cryopreservation

ABALONE

• Interspecific hybridization

OYSTER
• Triploidy induction

SEAWEEDS

• Genetic manipulation
• Conventional selection for disease resistance
• Tissue culture

• Marker-assisted selection

MUDCRABS
• Selective breeding

Technology/
Product Generated

GIFTtechnologyand strain

Southeast Asian Countries
where developedVavallable

Philippines', Malaysia

Genomar Supreme tilapia (GIFT-derived stock) • Philippines', China

GET Excel stocks Philippines'

GMT or YYsupeimale technology and strain Philippines', Thailand

Salt-toterant BEST tilapia strain

Red tilapia strains (Philippine,Thai. Taiwan)

Clariid catfish hybrids

Cryopreserved sperm for planned breeding

Best or improved strain with good growth
and reproductive ability (in progress/ already
developed)

GI-MACRO (genetically improved
Macrobrachium)

High health shrimp stock (SPF/SPR) (on-going
forP.monodon, L stylirostris)
Markers related to disease resistance

High healthR monodonand P. merguensis
(development in progress)

High health Lates calcarifer stock to be
developed

Cryopreserved sperm for planned breeding

Better (hybrid) stocks that are fast growing
and have good carcass quality (in progress or
developed)

Tripioid oysters produced

Disease resistant seaweeds

Seaweeds with improvedcarrageenan quality

Fast growing mud crabs with improved
reproductive ability (in progress)

Philippines*

Philippines', Malaysia
Indonesia, Taiwan*
Thailand*

Philippines, Thailand

Malaysia'

Philippines*. Malaysia
Thailand'

Indonesia*

Brunei Darussalam*
Indonesia

Malaysia*, Philippines*

Malaysia*

Malaysia'

Philippines'. Thailand*

Malaysia*

Malaysia*. Philippines'

Philippines*
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APPENDIX 4. TECHNICAL AND NON-TECHNICAL ISSUES IN THE PRODUCTION OF QUALITY SEEDSTOCKS FOR
AQUACULTURE IN THE SOUTHEAST ASIAN REGION

Problems

STOCK AVAILABILITY

1) Inadequate seed supply
(hatchery-bred seeds)

2) Poor quality of hatchery-
bred seeds

3) Inadequate or no
domesticated broodslock

4) Poor broodstock quality

5) inadequateornosupply
of genetically improved
seeds

6) Poor/difficull/expensive
access to genetically
improved stocks

R&D ISSUES AND GAPS

1) Domestication and broodstock
management

2) Genetic improvement

Tllapla, carp, catfish, mllkflsh

Species

FW prawn, marine shrimps,
mud crabs, seaweeds, abalone

0 especially for Clariid catfishes 0 especiallyformud crabs

0 true for milkfish especially
those produced from ageing
broodstock

0 slightly inadequate
domesticated milkfish

0 especially for ageing slocks of
domesticated milkfish

0 especially for catfish and
milkfish

0 poor access particularly for
carps

0 continue especially with
broodstock management

0 continue producing improved
breeds

0 (slowgrowth of hatchery
produced seeds)

0 (inadequate)

0 matures at small size for mud
crab and FW prawn; low PL
survival for FWprawn and low
fecundity formud crabs

0 selection programson-going

0 expensive especially for
specific pathogen-free (SPF)
shrimp stocks

0 need to implementefficient
broodstock management

0 start developing; continue
strain development in
seaweeds

3) Quality assessment method 0 no efficient practical method for 0 mainly for abalone; already
quality assessment developed especially

for shrimps, prawns and
seaweeds

4) Disease management

5) Feeding management
(especially for broodstock and
larval stages)

6) Environment management
(need to adopt better
management practices,
biosecurity in farms)

7) Socio-economic and legal
issues (especially marketing
of unselected and/or better
seeds, formulate seed
certification guidelines)

0 especially for catfish and caips 0

0 continue research to address
gaps

0 continue research to address
gapsespecially In abalone

High-value marine fish species
(e.g. grouper), emerging species

0 true for mostspecies as
domestication and hatchery
protocols are currently being
verified

Noindications as yet

0 (inadequateforgrouper; none
or veryfewforemerging
species)

Noindications as yet;
early stages of broodslock
domesticated

0 none to date; no selective
breeding program as yet

0 need to domesticate and
follow efficient broodstock
managementscheme

0 could commence after
successful domestication

0 no method forquality
assessment developed

0 intensify research onfeed
management
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APPENDIX 5. IMPACTS OF CLIMATE CHANGE ON FISHERIES AND AQUACULTURE

Changes

Increased CO^and ocean
acidification

Changes in sea surface
temperature

Biophysical Effects

Effects on calciferousanimals e.g. molluscs,
crustaceans, corals, echinoderms and some
phytoplankton

Warm-water species replacing cold-waterspecies

Plankton species moving to higher latitudes

More frequent harmful algalblooms; Less dissolved
oxygen; Increased incidence ofdisease and parasites;
Altered local ecosystem with changes in competitors,
predators and invasive species

Tmingof phytoplankton bloomschanging

Changing zooplankton composition

Damageto coralreefs that serve as breeding habitats
and also help protectsthe shore fromwave action

Changes insex ratios
Altered time ofspawning
Altered time ofmigrations
Altered timeof peak abundance

Higher inland watertemperature Increased stratification and reduced mixing of water in
lakes, reducing primary productivity and ultimately food
suppliesforfishspecies.

Raised metabolic rates increase feeding rates and
growth ifwaterquality, dissolvedoxygen levels, and
food supply areadequate, otherwise possibly reducing
feeding and growth. Potential for enhancedprimary
productivity

Shift in the location and size ofthe potential range for a
given species

Reducedwaterquality, especially in terms of dissolved
oxygen; Changesinthe rangeand abundance of
pathogens,predatorsand competitors; Invasive species
introduced

Changes in timing and success of migrations, spawning
and peakabundance

Changes inoceancurrents Increased invasive species, diseases and algalblooms

Changes infish recruitment success

Changes frequency of El-Nino- Changes intiming and location of upwelling and ocean
Southern Oscillation (ENSO) currents altersnutrient supply insurface waters and
events consequently primary production

Changed ocean temperature; bleachedand die-off coral

Sea level rise Coastal profile changes, lossofharbours, homes

Increased exposure ofcoastal areas to storm damage

Loss of land

Changes to estuary systems

Saltwater infusion intogroundwater

Loss ofcoastalfish breeding and nurseryhabitats e.g.
mangroves, coral reefs

Implication for fisheries and aquaculture

Potentially reduced production for calciferous marine
resources and ecologically related species and declines in
yields

Shifts in distribution of plankton, invertebrates, fishes and
birds towards the North or South poles, reduced species
diversity in tropical v/aters: Impacts on availability on seed
for aquaculture

For aquaculture. changes in infrastructure and operating
costs from worsened infections of fouling organisms, pests,
nuisance species and/or predators. For capture fisheries,
impacts on the abundance and species composition of fish
stocks

Potential mismatch between prey (plankton) and predator
(fish populations) and reduced production and biodiversity
and increased variability in yield

Reduced recruitment of fishery species. Worsened wave
damage to infrastructure or flooding from storm surges

Altered timing and reduced productivity across marine and
fresh water systems

Reductions in fish stocks

Possibly enhanced fish stocks for capture fisheries or else
reduced growth where the food supply does not increase
sufficiently in line with temperature. Possible benefits for
aquaculture, especially intensive and semi-intensive pond
systems

Aquaculture opportunities both lost and gained. Potential
loss of species and alteration of species composition for
capture fisheries

Altered stocks and species composition in capture fisheries;
For aquaculture, altered culture species and possibly
worsened losses to disease (and so higher operating costs)
and possibly higher capital costs for aeration equipment or
deeper ponds

Potential loss of species or shift in composition for capture
fisheries; Impacts on seed availability for aquaculture

Reduced productivity of target species in marine and fresh
water systems

Abundance of juvenile fish affected leading to reduced
productivity in marine and fresh water

Changes in the distribution and productivity of pelagic
fisheries

Reduced productivity of coral reef fisheries

Increased vulnerability of coastal communities and
infrastructure tostorm surges and sea level

Costsofadaptation lead to reduced profitability, risk ofstorm
damage increases costs of insurance and/or rebuilding

Reduced area available for aquaculture: Loss of freshwater
fisheries

Shifts in species abundance, distribution and composition of
fish stocks and aquaculture seed

Damage to freshwater capture fisheries; Reduced
freshwater availability for aquaculture and a shift to brackish
water species

Reduced recruitment and production and yieid of coastal
and related fisheries for capture fishenes and seed for
aquaculture; Worsened exposure to waves and storm
surges and risk that inland aquaculture and fisheries
become inundated



Increased frequency and / or
inlensity of storms

Changing levels ofprecipitation
and water availability

Less predictable rain/dry
seasons

More droughts or floods
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More days at sea lost to bad weather, risks of accidents
increased

Aquacuiture installations (coastal ponds, sea cages)
more likely to be damaged or destroyed

Large waves and storm surges. Inland flooding from
intense precipitation. Salinity changes. Introduction of
disease or predators into aquacuiture facilities during
flooding episodes.

Where rainfall decreases, reduced opportunities
for farming, fishing and aquacuiture as part of rural
livelihood systems

Changes in fish migration and recruitment patterns and
so in recruitment success

Lower water availability for aquacuiture. Lowerwater
quality causing more disease. Increased competition
with other water users. Altered and reduced freshwater
supplies with greater risk of drought

Changes in lake and river levels and the overall extent
and movement patterns of surface water

Decreased abilityto plan livelihood activities-e.g.
farming and fishing seasonality

Damage to productive assets (fish ponds, weirs, rice
fields, etc,) and homes

Lower water quality and availability for aquacuiture.
Salinity changes

Changes in lake water levels and river flows

Increased risksassociated with fishing, making itless viable
livelihood optionsforthe poor

Reduced profitability of larger-scale enterprises, insurance
premiums rise

Loss of aquacuiturestockand damageto or lossof
aquacuiture facilities and fishing gear. Impacts on wild fish
recruitment and stocks. Higher directrisk to fishers; capital
costs needed to design cage moorings, pond walls, jetties,
etc. that can withstand storms; and insurance costs.

Reduced diversity of mral livelihoods; greater risks
in agriculture; greater reliance on non-farm income.
Displacement of populations into coastal areas leading to
influx of new fishers

Altered abundance and composition ofwild stock. Impacts
on seed availability for aquacuiture

Highercosts of maintaining pondwaterlevels andfrom
stock loss. Reduced production capacity. Conflict with other
water users. Change of culture species

Altered distribution, composition and abundanceoffish
stocks. Fishersforced to migrate moreand expend more
effort

Increasing vulnerability of riparian andfloodplain households
and communities

Loss of wildand cultured stock. Increased production costs.
Lossof opportunity as production is limited

Reduced wild fishstocks, intensified aimpetitionforfishing
areas and moremigration byfisher folk

Source,- Adapted from Allison et al (2008) and WFC {2007}



ShASOFIA:The Southeast Asian State of Fisheries and Aquaculture 2012

PARTY
References

Acosta, B. and M. Gupta. 2009. The Genetic Improvement of
Farmed Tilapias Project: Impact and lessons learned. In:
de Silva S.S. and F.B. Davy (eds). Success Stories inAsian
Aquaculture. Springer Science + Business Media, Springer,
Dordecht. pp 149-171.

Adger, W.N. and C. Luttrell. 2000. Property rights and the
utilisation of wetlands. Ecological Economics 35: 75-89.

Adora, G.A. 2011. Philippines: Status of implementation ofthe
Resolution and Plan of Action on Aquaculture. In: Acosta
B.O., R.M. Coloso, E.G.T. de Jesus-Ayson and J.D. Toledo
(eds). Sustainable Aquaculture Development for Food
Security in Southeast Asia towards 2010. SEAFDEC/AQD,
Philippines, pp 105-112.

Ahmad, A., T. Zulkifli, and K.Y. Ku Kassim, 2004. Sea turtle
species ol the Southeast Asian region. In: Zulkifli et al.
(eds). Conservation and Enhancement of Sea Turtle in the
Southeast Asian Region. SEAFDEC/MFRDMD. pp 31-39.

Ahmad A. and A.P.K. Lim. 2011. Research Works Related to
Sharks and Rays. Paper Presented at the Special Meeting
on Sharks Infonnation Collection in Southeast Asia, 15-17
September 2011, Bangkok, Thailand,

hmad A., R.H. Raja Bidin and Y. Theparoonrat. 2011. Enhancing
management ot fishery resources through intensified efforts
in habitat conservation and rehabilitation. In: Fish for the

eople Vol 9 No. 2 (2011). Southeast Asian Fisheries
Development Center, Bangkok, Thailand, pp 10-20.

^ Sharks and Rays Data Collection in Malaysia:ountry Report. Paper Presented at the Special Meeting
on Sharks Infomiation Collection in Southeast Asia, 15-17

Ah 2011, Bangkok, Thailand.
2^01 Pauzi, A. Daud and R.H. Raja Bidin.0. Fishing ground environment around artificial reefs
in Malaysia. In: Ahmad, A., Mohamed Pauzi, A., Fauzi,

• R. and O. Abe {eds). Proceedings of the Workshop on
rtificial Reefs for the Enhancement ofFishery Resources.
AFDEC-FRa Joint Program Regarding Artificial Reefs

or the Enhancement ofFishery Resources, 4August 2009,
Department of Fisheries Malaysia, pp 137-164.

^ Ku Kassim, T. Zulkifli, M. Mohd Isa and
•R. Salahuddin. 2006. A Guide for Tagging Sea Turtles

in Southeast Asian Region. SEAFDEC/MFRDMD, Kuala
Terengganu, Malaysia. 62 p.

Ahnwdi, H. Mohamed, N.G.T.T, Huong, N. Nasuchon, A.N.
Oo, A. Phomsouvanh, H. Sitha and P.E.L. Velasco. 2011.
Fisheries human resource: Gaps and requirements of
Southeast Asia. In: Fish for the People Vol 9 No. 2 (2011).
Southeast Asian Fisheries Development Center, Bangkok,
Thailand, pp 115-125.

Ahmed, M. and M.H. Lorica. 2002. Improving developing
countries food security through aquaculture development -
Lessons from Asia. Food Policy 27 (2002): 125-161.

Allison, E.H., W.N. Adger, M.C. Badjeck, K. Brown, D. Conway,
N.K. Dulyy, A. Halls, A. Perry and J.D. Reynolds. 2005.
Effects of Climate Change on the Sustainability ofCapture
and Enhancement Fisheries Important to the Poor; Analysis
of the Vulnerability and Adaptability ofFisherfolk Living in
Poverty. London, Fisheries Management Science Programme
MRAG/DFID. Project No. R4778J. Final Technical Report.
164 p.

Alongi, D.M. 2002. Present state and future of the world's
mangrove forests. Environmental Conservation 29:331-349.

Alongi, D.M. 2009. Paradigm shifts in mangrove biology. In:
Perillo G.M.E., Wolanski E., Gaboon D.R., Brinson M.M.
{eds) Coastal Wetlands: AnIntegrated Ecosystem Approach.
Elsevier, Amsterdam: 615-640.

Asian Development Bank. 2004. Key Indicators 2004. Manila:
Asian Development Bank. Manila, Philippines.

Asian Development Bank. 2005. An Impact Evaluation ofthe
Development of Genetically Improved Farmed Tilapia.
ADB, Manila, Philippines.

Aungtonya, C., S. Thaipal and O. Tendal. 2000. A preliminary
report on the Thai-Danish bioshelf surveys (1996-2000) of
the westcoastof Thailand, Andaman Sea. Phuket Mar. Biol.
Cent. Res. Bull. 63: 53-76.

Awwaluddin, P. Hussadee, A. N. Oo and P. L. Velasco. 2011.
Consolidating regional and sub-regional cooperation
to combat lUU fishing in Southeast Asia: Initiative of
SEAFDEC-Sida project. In: Fish for the People Vol. 9No.
1. Southeast Asian Fisheries Development Center, Bangko ,
Thailand, pp 40-47.

Azanza, R.V., Y. Fukuyo, L.G. Yap and H. Takayama. 2005.
Prowcentntm minimum bloom and its possible i o
a massive fish kill in Bolinao, Pangasinan, No era
Philippines. Harmful Algae 4:519-524.

Bandaranayake, W.M. 1998. Traditional and medicinal uses
mangroves. Mangroves and Salt Marshes 2:133- •

Barbier, E.B. 2003. Habitat-fishery linkages and
in Thailand. Contemporary Economic Polj^y 21: •

Bartley, D., T.T.T. Nguyen, M. Halwart and S. de Silva. 200.
and exchange of aquatic genetic ^sources "l aquacul^
Information relevant to access and benefit sharing. Reviews

Basinta^^P^nd Lakim. 1993. Population status and management
sea tLles at Sabah Turtle Island Park Proceedings of
the First ASEAN Symposium-Workshop on Manne
Conservation, Manila, Philippines. PP

Bell, J^., D.M. Bartley, K. Lorenzen and N.R. Lonenjgan. 2006.
Restocking and stock enhancement of coastal fishenes:
Potential, problems and progress. Fisheries Research 80:1 -8.

Benzie JAH 2009. Use and exchange of genetic resources
of'penaeid shrimps for food and aquaculture. Reviews in
Aquaculture 1:232-250. « d n d c

Berkes F., R. Mahon, P. McConney, R. Pollnac and R.S.
Pomeroy. 2001. Managing Small-scale Fisheries: Alternative
Directions and Methods. IDRC Publication.

Bert TM RH.J. McMichael, R.P- Cody, A.B. Forstchen,
WG Halstead, J. O'Hop, J.M .Ransier, M.D. Tringali,
B.L. Winner, F.S. Kennedy, K.M. Leber and C.L. Neidig.
2003. Evaluating stock enhancement strategies: Amulti-
disciplinary approach. M: Nakamura Y PMcVeV
Leber, C. Neidig, S. Fox and K. Churchill {eds). Thirtieth
U.S.-Japan Meeting on Aquaculture: Ecology ofAquaculture
Species and Enhancement ofStock. Mote Marine Laboratory,
Sarasota, Florida (USA), pp 105-126.

Beveridge, M.C.M., L.G. Ross and L.A. Kelly. 1994. Aquaculture
and biodiversity. Ambio 33:497-502.

11



Southeast Asian Fisheries Development Center

BFAR-PHILMINAQ. 2007. Managing Aquaculture and Its
Impacts; A Guidebook for Local Governments. Bureau of
Fisheries and Aquatic Resources (BFAR)-PHILMINAQ
Project,Diliman,Quezon City, Philippines.80 p.

Binh, C.T., M.J. Phillips and H. Demaine. 1997. Integrated
shrimp mangrove farming systems in the Mekong delta of
Vietnam. Aquaculture Research 28: 599-610.

Bjoik, M.,F. Short, E.Mcleod andS.Beer. 2008. Managing Sea
Grasses for Resilience to Climate Change. lUCN, Gland,
Switzerland.

Blankenship, H.L. and K.M. Leber. 1995. Aresponsible approach
to marine stock enhancement. American Fisheries Society
Symposium 15: 167-175.

Blaylock, R.B., K.M. Leber, J.M. Lotz, K.C. Stuck and D.A.
Ziemann. 2000. The US Gulf of Mexico marine stock
enhancement program (USGMSEP): The use ofaquaculture
technology in "responsible" stock enhancement. Bulletin of
AquacultureAssociation Canada 100: 16-22.

Bontad-Reantaso, M.G., S.E. McGladdery, and R.P. Subasinghe,
{eds). 2001. Asia Diagnostic Guide to Aquatic Animal
Diseases. FAO Fisheries Technical Paper No. 402,
Supplement 2. FAO, Rome. 240p.

Borlongan, I.G. and J.P.C. Ng. 2004. Laboratory Manual of
Standardized Methods for the Analysis of Pesticide and
Antibiotic Residues in Aquaculture Products. SEAFDEC
Aquaculture Department, Tigbauan, lloilo, Philippines. 46 p.

Borlongan, I.G. 2005. Detection of pesticide residues in
Philippine aquaculture products. In: Nagasawa, K. (ed).
2005. Recent Advances in Diagnosis and Prevention of
Fish and Shrimp Diseases in Southeast Asia. SEAFDEC
Aquaculture Department, Tigbauan, Iloilo, Philippines, pp
329-335.

Boyd, C.E. 2003. Guidelines for aquacultureeffluent management
at the farm-level. Aquaculture 226: 101-112.

Brown, D., D. Staples and S. Funge-Smith. 2005. Main
Streaming Fisheries Co-management in the Asia-Pacific
FAO. Regional Office for Asia and the Pacific, Banekok
RAP Publication 2005/24.

Buen-Ursua S.M.A, T. Azuma, C.P. Recente and RE Batatin
2011. Effects ofUV-treated and chlorinated seawater and
formalin-treated food organisms on survival and growth of
newborn seahorses Hippocampus comes. The Israeli Journal
ofAquaculture - Bamidgeh (in press).

Camacho, A.S. and T. Bagarinao. 1986. Impact of Fishpond
Development on the Mangrove Ecosystem in the Philippines
National Resources Management Center and National
Mangrove Committee. Ministry of Natural Resources
Manila, Philippines.

Cantor, T.E. 1849. Catalogie ofMalayan fishes. J. Asiatica Soc
Bengal vol 18 (2): 981-1443.

Cao, L., W. Wang, Y. Yang, C. Yang, Z. Yuan, S. Xiong and
J. Diana. 2007. Environmental impact of aquaculture
and counteimeasures to aquaculture pollution in China
Environmentel Science and Pollution Research 14- 452 462

Catap, E.S. and G.D. Lio-Po. 2005. Fungal disease. /». Nagasawa
K. and E.R. Cmz-Lacierda {eu!s). Diseases of Cultured
Groupers, SEAFDEC Aquaculture Department, Tigbauan,
Iloilo, Philippines, pp. 29-31.

Catap, E.S., C.R. Lavilla-Pitogo, Y. Maeno and R.D. Travina.
2003. Occurrence, histopathology and experimental
transmission of hepatopancreatic parvovirus infection in
Penaeusmonodon postlarvae. Dis.Aquat.Org. 57:11 -17.

118

Catap. E.S. and L.D. dc la Pcna. 2()()5. Standardization of
diagnostic methods for monodtm baculovirus (MBV) and
hepatopancreatic par\ovirus (HPV): Establishment of
monoclonal antibodies (Mabs) against MBV and HPV. In:
Nagasawa. K. (ccl). 2005. Recent Advances in Diagnosis
and Prevention of Fish and Shrimp Di.seases in Southeast
Asia. SEAFDEC Aquaculture Department. Tigbauan, Iloilo,
Philippines, pp 27-57.

Chamsai. S. 2011. Addrc.ssing Emerging International Fish Trade
Concerns that Support the Sustainable Development of
Fisheries. Paper Presented during the Technical Session of
the ASEAN-SEAFDEC Conference on Sustainable Fisheries
for Food Security Towards 2020 "Fish for the People 2020:
Adaptation tt) a Chan^in^ Fnvinniment". 13-17 June 2011,
Bangkok. Thailand.

Chamsai. S. and S. Siriraksophon. 2011. Addressing emerging
intemational fish trade concerns that support the sustainable
development of fisheries. In: Fish for the People Vol 9 No
2 (2011). Southea.st Asian Fisheries Development Center,
Bangkok. Thailand, pp 65-72.

Chan, E.H. 2009. Population trends in Southeast Asian sea turtles.
In: Chan. E.H.. N. Pilcher and K. lliew {eds). Report of the
Workshop on Regional Cooperation to Address the Direct
Capture of Sea Turtles. 1-3 June 2009. Kuala Terengganu,
Malaysia. Universiti Malaysia. Terengganu. Malaysia.

Chan, E.H. 2010. A 16-year record of green and hawksbill turtle
nesting activity at Chagar llutang Turtle Sanctuary. Redang
Island, Malaysia. Indian Ocean Turtle Newsletter 12: 1-5.

Chantrapomsyl. S. 1992a. Artificial incubation and embryonic
development of olive ridley turtle eggs {Lepidochelys
olivacea Eschcholtz). Phuket Mar. Biol. Cent. Res. Bull. 57:
41-50.

Chantrapomsyl, S. 1992b. Biology and conservation on olive
ridley turtle {Lepidochelys olivacea Eschcholtz) in the
Andaman Sea. Southern Thailand. Phuket Mar. Biol. Cent.

Res. Bull. 57: 51-66.

Charles, A.T.. R.F. Agbayani. E. Bellcza and E.C. Agbayani.
1997. Aquaculture Economics in Developing Countries:
Regional Assessments and An Annotated Bibliography.
FAO. 92 p.

Chokesanguan. B., S. Ananpongsuk. J.O. Dickson and V.T. Sulit.
2010. Reducing unwanted catch from trawl fisheries: Use of
juvenile and trash fish excluder devices as fishing technology
solution. In: Fish for the People Vol 8 No 1 (2010). Southeast
Asian Fisheries Development Center. Bangkok. Thailand, pp
20-26.

Chokesanguan, B., S. Ananpongsuk and W. Wanchana. 2009.
Impact of fi.sheries management in improving safety at sea
measures: A ca.se study in Thailand. In: Fish for the People
Vol 7 No 2 (2009). Southeast Asian Fisheries Development
Center, Bangkok, Thailand, pp 29-35.

Chokesanguan, B.. S. Rajruchithong and W. Wanchana. 2010.
Enhancing safety at sea for small-scale fishing boats in
Southeast Asia. In: Fish for the People Vol 8 No 2 (2010).
Southea.st Asian Fisheries Development Center. Bangkok,
Thailand, pp 23-31.

Chokesanguan, B. 2008. Mitigating interactions and reducing
mortality of sea turtles due to fishing: SEAFDEC initiatives.
In: Fish for the People Vol 6 No 2 (2008). Southeast Asian
Fisheries Development Center. Bangkok. Thailand, pp 12-
14.



Sl*-ASC>1*1A: The Southeast Asian State of Fisheries and Aquacultuxe 2012

Chokesanguan, B. 2011. Optimizing energy use in fisheries in
Southeast Asia, hi: Fish for the People Vol 9 No. 2 (2011).
Southeast Asian Fisheries Development Center. Bangkok,
Thailand, pp 21-27.

Chokesanguan, B. 2011a. Impact of Fisheries Management
w Improving Safety at Sea Measures: A Case Study in
^ailand. Paper Presented during the Teehnical Session of
me ASEAN-SEAFDEC Conference onSustainable Fisheries
w Food Security Towards 2020 "Fishfur the People 2020:
^aptation to a Changing Envininment*\ 13-17 June 2011.
Bangkok.Thailand,

hristie P., D.L. Fluharty. A.T. White. L. Eisma-Osorio and W.
amlan. 2007. Assessing the feasibility ofecosystem-based
s eries management in tropical contexts. Marine Policy.

31:239-250.
Chua, T.E.. J.N. Paw. F.Y. Ciuarin. 1989. The environmental

impact of aquaculture and the effects of pollution on
coutal aquaculture development in Southeast Asia. Marine

CITF? Bulletin 20: 335-343.Species Database. 2011. http.'/Avww.cites.oig/eng/
'^souixes/species.htnil. CITES,oatcs, D. 2002. Inland Capture Fishery Statistics ofSoutheast

sia. Current Status and Information Needs. Asia-Pacific
IS ^ Commission. Bangkok, Thailand. RAP Publication

^ No. 2002/11.114 p.
^"'cnhhy and Wholesome Aquaculture.

A«p" Prcsented during the Technical Session ofthe
- •^N-SEAFDEC Conference on Sustainable FisheriesorFood Security Towards 2020 "Fishfor the People 2020:

optation to a Changing Environment'", 13-17 June 2011,
Bmskok, Thailand.

L.J.V. 2002. Review of the biodiversity ofsharks
®"imacras in the South China Sea and adjacent areas.

El' T.M. Reed, and Dipper (eds). 2002.asmobranch Biodiversity, Conservation and Management:
International Seminar and Workshop,P ah, Malaysia, July 1997. lUCN SSC Shark Specialist

*^^N, Gland, Switzerland and Cambridge, UK. pp
j*-63.

Conipagno, L.J.V. and S.F. Cook. 1995. The exploitation and
conservation of freshwater elasmobranchs: status of taxa and
Prwpects for the future. In: Octinger, M.I. and G.D. Zorzi
e s). Volume VII. The biology offreshwater elasmobranchs.

Costa^P^^^ Agriculture and Aquatic Science: 62-90.- lerce, B.A. 1996. Environmental impacts of nutrients
m aquaculture: Towards the evolution of sustainable

^uaculture systems. In: Baird J.D., M.C.M. Beveridge, L.A.
elly and J.F. Muir (ec^v). Aquaculture and Water Resource

Cru Blackwell, Oxford, pp 81-113.z. R.D. 1999. Research conservation and management of
Te Philippines. In: Reportofthe SEAFDEC-SEAN Regional Workshop on Sea TUrtle Conservation and

artagement. Marine Fishery Resources Development and
Management (MFRDMD) and Southeast Asian Fisheries
Development Center (SEAFDEC), 26-28 July 1999, Kuala
Terengganu, Malaysia, pp 146-159.

nrz, R.D. 2004. Conversation and management activities on sea
turtles inthePhillippines. In:Ku Kassim, K.Y., T. Zulkifli, and
A. Ahmad {eds). Report ofthe ASEAN-SEAFDEC Regional
Technical Consultation on Management and Conservation of
Sea Turtles in Southeast Asia, 16-18 September 2003. Kuala
Lumpur, Malaysia, pp 71-83.

Cniz-Lacierda, E.R., G.D. Lio-Po,E.S.CatapandAJ.T. Pineda,
2005. Histopathology ofkoi herpesvirus(KHV)disease.In:
Nagasawa, K. {ed). Recent Advances in the Diagnosis and
Prevention of Fish and Shrimp Diseases in SoutheastAsia.
SEAFDEC Aquaculture Department, Iloilo,Philippines, pp.
379-382.

Da. C. 2011. Cambodia: Status of implementation of the
Resolution and Plan of Action on Aquaculture. In: Acosta
B.O., R.M. Coloso, E.G.T. de Jesus-Ayson and J.D. Toledo
(edr). Sustairuble Aquaculture Development for Food
Security in Southeast Asiatowards 2010. SEAFDEC^AQD,
Philippines, pp 67-72.

Daud,A.andM. Mohd. Zakaria. 2007.First rigtoreefinMalaysia.
In: Proceedings of4* National Fisheries Symposium 2006.
Department of Fisheries Malaysia, pp 138-143.

Daw T.. W.N. Adger, K.Brown and M.C. Badjeck. 2009. Climate
change and capture fisheries: Potential impacts, adaptation
andmitigation. In: K. Cochrane, C.DeYoung, D.Solo and
T.Bahri {eds). ClinuteChange Implication fiir Fisheries and
Aquaculture: Overview of Current Scientific Knowledge.
FAQ Fisheries and Aquaculture Technical Paper. FAG,
Rome. No 530:107-150.

de Castro-Mallarc, T.R., N.V. Golez, arid Ej\. Tendencia
2005. Experimental evaluation ofprobiotics as biocontrol/
bioremediation inthe rearing ofshrimp {Penaeus monodon).
In: Nagasawa, K. (ed). Recent Advances in Diagnosis and
Prevention ofFish and Shrimp Diseases in Southeast Asia.
SEAFDEC Aquaculture Department, Tig^bauan, Iloilo,
Philippines,pp 153-167. , .

de Jesus-Ayson, E.G. and W. Gallardo. 2011. Maintaining
Environmental Integrity through Responsible Aquaculture.
Paper Presented during the Technical Session of ™
ASEAN-SEAFDEC Conference on Sustainable Fish^
for Food Security Towards 2020 ''Fishfor the People 2m:
Adaptation to a Changing EnvironmenF, 13-17 June 2011.
Bangkok, Thailand. .

de la Cruz, C.R. 1995. Brackishwater integrated
in Southeast Asia. In: Bagarinao T.U. and E.E.C Flo
(eds). Towards Sustainable Aquaculture m ™
and Japan. SEAFDEC Aquaailture Dqrartment, Hot ,

de la '̂peflaTlLS. MIO. Prevention and control mewurw gainstvhTn^ Mcmri. (VNN) in ™rine feh tach^.
AEM#44. SEAFDEC Aquaculture Department, Tigbauaru
Iloilo. Philippines. 26 p. -jnns

de la Peila L.D., G.D. Lro-Po and ^D. S^ito, 2^.
Standardization of PCR techniques as the detection method
for koi herpesvirus (KHV) infection in koi and co^n
carp. In: Nagasawa, K. (cd). Recent Advances in the
Diamosis and Prevention ofFish and Shrimp Diseasjs in
Southeast Asia. SEAFDEC Aquaculture Department. Iloilo.
Philippines.pp.371-378. «

de la Peila L.D., C.R. Lavilla-Pitogp, C.B.R. Villar. M.G. Pmier
and G.C. Capulos. 2008. Prevalenceofmonodon baraloyiros
(MBV) in wild shrimp Penaeus monodon in the Philippines.
Aquaculture 285:19-22.

de la Pefta L.D.. C.R. Lavilla-Pitogo. C.B.R- Villar. M.G. Paner.
CD Sombito and G.C. Capulos. 2007. Prevalence ofwhite
siiot syndrome virus (WSSV) in wild shrimp {Penaeus
monodon) in the Philippines. Diseases ofAquatic Organisms
77:175-179.

11^)



Southeast Asian Fisheries Development Center

de la Pena, L.D., C.R. Lavilla-Pitogo and M.G. Paner. 2005.
Standardization of PGR Techniques as the detection
method for white spot syndrome virus (WSSV) infection
in shrimp {Penaeus monodon). In: Nagasawa, K. (ed).
Recent Advances in Diagnosis and Prevention of Fish and
Shrimp Diseases in Southeast Asia. SEAFDEC Aquaculture
Department, Tigbauan, Iloilo, Philippines, pp 19-26.

De Silva, S.S. and F.B. Davy (eds). 2009. Success Stories in Asian
Aquaculture. NACA and IDRC Canada. Springer Science.

De Silva, S.S. 2011. Sustainable Aquaculture Development
for Food Security in Southeast Asia Towards 2020: Issues
and Perspectives. Keynote Address Delivered during the
Technical Session of the ASEAN-SEAFDEC Conference

on Sustainable Fisheries for Food Security Towards 2020
"Fish for the People 2020: Adaptation to a Changing
Environment, 13-17 June 2011, Bangkok, Thailand.

Delgado, C.L., N. Wada, M.W. Rosegrant, S. Meijer and M.
Ahmed. 2003. Outlook for Fish to 2020: Meeting Global
Demand. A 2020 Vision for Food, Agriculture, and the
Environment Initiative. Intemational Food Policy Research
Institute, Washington D.C., U.S.A. and WorldFish Center,
Penang, Malaysia. 30 p.

Department of Fisheries Malaysia. 1967. Results of the Joint
Thai-Malaysia-Germany Trawling Survey Off the East
Coast of the Malay Peninsula. Marine Fisheries Laboratory.
Department of Fisheries, Ministry of Agriculture and
Cooperatives, Bangkok, Thailand andtheFisheries Research
Institute, Fisheries Division, Ministry of Agriculture and
Agro-based Industry, Malaysia. 64 p.

Department of Fisheries Malaysia. 2008. Regional Guidelines
for Responsible Fisheries in Southeast Asia: Responsible
Fisheries Management. Jabatan Perikanan Malaysia. 152 p.

Diana, J.S. 2009. Aquaculture production and biodiversity
conservation. Bioscience 59: 27-38.

Dung, P.H. 2003. The challenges and opportunities for research,
management and conversation of sea turtles in Vietnam.
Proceedings of the 3''* Workshop on SEASTAR2000, 16-19
December 2002, Bangkok, Thailand, pp 25-28.

Eisma, R.V, P. Christie, M.J. Hershman. 2005. Legal issues
affecting sustainability of integrated coastal management
in the Philippines. Ocean and Coastal Management 48:336-
359.

Eknath, A.E. and G. Hulata. 2009. Use and exchange of genetic
resources of Nile tilapia Oreochromis niloticus. Reviews in
Aquaculture 1:197-213.

Elkin, J. 1991. Seawatch Report. Panaga Natural History Society,
Seria, Brunei Darussalam.

Ellison, A.M. 2000. Mangrove restoration: Doweknow enough?
Restoration Ecology 8: 219-229.

ESCAP. 2011. Employment Trends in Asia and the Pacific 2011.
UNESCAP, Bangkok, Thailand.

Etoh, S. 2008. Fostering the integrated coastal resources
management approach in Southeast Asia. In: Fish for
the People Vol 6 No 1 (2008). Southeast Asian Fisheries
Development Center, Bangkok, Thailand, pp 10-17.

Ewel, K.C., R.R. Twilley and J.E. Ong. 1998. Different kinds
ofmangrove forests provide different goods and services.
Global Ecology and Biogeography Letters 7: 83-94.

Fahmi. 2010. Sharks and rays in Indonesia. Marine Research in
Indonesia 35 (l):43-54.

Faizah, R. 2011. Sharks and Rays Data Collection in Indonesia:
A Country Report. Paper Presented at the Special Meeting
on Sharks Information Collection in Southeast Asia, 15-17

September 2011, Bangkok. Thailand.
FAO Fish.stat Plus. 2008. FAO, Rome, Italy.

19(1

FAO. 2003. The Ecosystem Approach to Fisheries: Issues
Terminology, Principles. Institutional Foundations,
Implementation and Outlook. FAO Fisheries Technical
Paper No. 443. Rome, Italy. 71 p.

FAO. 2004. The State of World Fisheries and Aquaculture 2004.
FAO. Rome. Italy. 153 p.

FAO. 2008. Fishery Infonnation. Data and Statistics Unit, FAO
Fisheries Department (www.fao.org/fi/statist/FISOFT/
FISHPLUS.asp).

FAO. 2009. Fisheries and Aquaculture in a Changing Climate.
FAO, Rome, Italy. 6 p.

FAO. 2010. Fishery Information, Data and Statistics Unit, FAO
Fisheries Department.

FAO. 2010a. The State of World Fisheries and Aquaculture 2010.
FAO, Rome. Italy. 176 p.

Farrington. J.. D. Carney. C. .Ashley and C. Turton. 1997.
Sustainable Livelihood Development in Practice: Early
Application of Concepts in Rural Areas. Natural Resource
Perspectives, 42. Overseas De\clopmcnt Institute, London,
UK.

Fast, A.W. and P. Mcnasveta. 2003. Mangrove forest recovery in
Thailand. World Aquaculture 34: 6-9.

Fauzi, R. 2010. Status report of artificial reefs programs
in Malaysia. In: Ahmad. A.. .A. Mohamed Pauzi, A.R.
Fauzi, and O. Abe (cd.s). Proceedings of the Workshop on
Artificial Reefs for the Enhancement of Fishery Resources.
SEAFDEC-FRA Joint Program Regarding Artificial Reefs
for the Enhancement of Fishery Resources, 4 August 2009,
Putrajaya, Department of Fisheries Malaysia, pp 28-54.

Fitzgerald, B. and L.A. Savitri. 2002. Integration of
Silvofisheries into Coastal Management and Mangrove
Rehabilitation in Java. Indtmesia. World Bank, Network of
Aquaculture Centres in Asia-Pacific. World Wildlife Fund
and FAO Consortium Program on Shrimp Farming and the
Environment.

Flegel, T.W. 2009. Current status of viral di.sea.ses in Asian shrimp
aquaculture. Israeli Journal of Aquaculture-Bamidgeh 61:
229-239.

Foss, A., A.K. Imsland, E. Viking.stad. S.O. Stefansson, B.
Norberg, S. Pedersen, T. Sandvik atid B. Roth. 2009.
Compensatory growth in Atlantic halibut: Effect of
starvation and subsequent feeding on growth, maturation,
feed utilization and flesh quality. Aquaculture 290: 304-310.

Foster, S.J. and A.C.J. Vincent. 2004. Life history and ecology of
seahorses: Implications for con.servation and management. J.
Fish Biol. 64: 1-61.

Garcia L.M.B. and G.V. Ililomen-Garcia. 2009. Grow-out of
juvenile seahorse Hippocampus kucia (Bleeker. Teostei:
Syngnathidae) in illuminated sea cages. Aquaculture
Research, 40: 211-217.

Gillanders, B.M., K.W. Able, J.A. Brown, D.B. Eggleston and
P.F. Sheridan. 2003. Evidence of connectivity between
juvenile and adult habitats for mobile marine fauna: An
important component of nurseries. Marine Ecology Progress
Series 247: 281-295.

Giri, C., E. Ochicng, L.L. Tieszen, Z. Zhu.A. Singh. T. Loveland,
J. Masek and N. Duke. 2010. Status and distribution of
mangrove forests of the world using earth observation
satellite data, (ilobal Ecology and Biogeography 20: 154-
159.

Gloerfelt-Tarp and PJ I. Kailola. 1984. Trawled fishes of
Southern Indonesia and Northwestern .Australia. Australian

Development Assistance Bureau. Directorat General
of Fisheries, Indonesia, (icrman Agency for Technical
Cooperation. 406 p.



SIt.ASC)FIA; The Southeast Asian State of Fisheries and Aquaculture 2012

Goh, K.H. 2011, Technological Advancements and Emeiging
Technologies in Fish Processing and Packaging. Paper
Presented during the Technical Session of the ASEAN-
SEAFDEC Conference on Sustainable Fisheries for
Food Security Towards 2020 "Fish for the People 2020:
Captation to a Changing Environment", 13-17 June 2011
Bangkok, Thailand.

Goh, K.H. and L.K. Tan-Low. 2008. Maximizing the utilization
ofnsh catch for human consumption. In: Fish for the People

ol 6No 3(2008). Southeast Asian Fisheries Development
. " ' Bangkok, Thailand, pp27-30.
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