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Symposium Outline

Seafood should be reproducible resources for human being. However, world fish
catches have peaked since the 1990s despite increase in aquaculture production.
Traditional fisheries science consider only fisheries, some consequences of which
include “fishing down” marine food webs, the over fishing by the tuna laundering, the
tragedy of common, the food mileage, ecosystem crash, and food pollution. A paradigm
shift, therefore, should be needed from the traditional fisheries science to a new
ecological fisheries science for the protection of marine ecosystems and human food
resources in order to be human well-being in future generation. This symposium aims to
discuss the sustainability of ocean ecosystem and seafood for human species in the

future.

Co-Chairs:
Masahide Kaeriyama: Professor, Faculty of Fisheries Sciences,
Hokkaido University
Sei-Ichi Saitoh: Professor, Faculty of Fisheries Sciences,

Hokkaido University

Organizers:

Faculty of Fisheries Sciences, Hokkaido University

Science Council of Japan (SCJ)

Collaborators:
Hakodate City
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10:00

10:10

4 Opening Remarks

Akihiko Hara

Dean, Faculty of Fisheries Sciences,
Hokkaido University, Japan

¢ Invited Lectures
“Spatial Bioeconomics for Seafood and Marine Ecosystem
conservation”
Ussif Rashid Sumaila
Director, Fisheries Centre, The University of British
Columbia, Canada

“An Ecosystem-based Fisheries Assessment and Forecasting
Approach”

Chang Ik Zhang

Professor, Institute of Fisheries Science,

Pukyong National University, Korea

“Sustainability of the Alaska Salmon Fishery”
William W. Smoker
Professor of Fisheries Emeritus, School of Fisheries and
Ocean Sciences, University of Alaska Fairbanks, USA

“Current Status and Recent Advance of Aquaculture in China”
Hongxin Tan
Vice Dean, College of Fisheries and Life Science,
Shanghai Ocean University, China




13:30

15:00

Lectures

“Ocean Ecosystem Conservation and Seafood Security for
Future Generation - A Case Study of Ecosystem Approach to
Fisheries and the Adaptive Management of the Shiretoko World
Natural Heritage Site”

Yasunori Sakurai

Professor, Faculty of Fisheries Sciences,

Hokkaido University, Japan

“Health Management of Hatched Fry for Sustainable Salmon
Propagation and Provides ‘Safe and Worry-free’ Salmon
Products”

Mamoru Yoshimizu
Professor, Faculty of Fisheries Sciences,
Hokkaido University, Japan

“Sustainability Sciences for Ocean Ecosystem Conservation
and Seafood Security”

Masahide Kaeriyama

Professor, Faculty of Fisheries Sciences,

Hokkaido University, Japan

Coffee Break



15:30

¢ Panel Discussion
Coordinator

Sei-Ichi Saitoh
Professor, Faculty of Fisheries Sciences,
Hokkaido University, Japan

Panelists

Chunhong Yuan

Assistant Professor, Faculty of Fisheries Science, Hokkaido
University, Japan

“Culture and Processing of Silver Carp, a Plankton Feeder Fish

-- for Sustainable Development of Freshwater Fisheries in China”

Rizalita Rosalejos-Edpalina
JSPS-UNU Postdoctoral Fellow,

United Nations University Institute of Advanced Studies
(UNU-IAS), Operating Unit Kanazawa/lshikawa, Japan
“Management Options to Mitigate Environmental Impact of

Aquaculture in the Philippines”

| Nyoman Radiarta

Post Doctoral Research Scientist, Faculty of Fisheries
Sciences, Hokkaido University, Japan

“Spatial Information Systems Approach toward Sustainable

Aquaculture”

Gakushi Ishimura

Assistant Professor

Center for Sustainable Science, Hokkaido University, Japan
“Sustainable Management of a Transboundary Fishery Resource
under Climate Variability: Desperate Fishing Games of Pacific

Sardine Resource”



16:50 € General Discussion

17:20 & Closing Remarks
Kohei Yamauchi
Director, South Ehime Fisheries Research Center,
Ehime University, Japan



Abstracts






Invited Lectures

Spatial Bioeconomics for Seafood and Marine Ecosystem Conservation
Ussif Rashid SUMAILA

Fisheries Centre, The University of British Columbia,
2259 Lower Mall, Vancouver, B.C., V6T 174, Canada.
E-mail: r.sumaila@fisheries.ubc.ca

I present in this talk new research that integrates ecology and economics to develop a
bioeconomic spatial index that can help us use marine fisheries resources sustainably
through time, for the benefits of both current and future generations of people. The
index is calculated for each half degree by half degree cell of the global ocean, and
represented spatially using GIS techniques to depict areas in the ocean that need special
management approaches (e.g., marine protected areas) and areas where market based
approaches (e.g., territorial use rights in fisheries or TURFs) can be used. The proposed
index can help managers use scarce management resources in a targeted, efficient and
effective way to ensure the conservation of seafood and marine ecosystems through

time.



Invited Lectures

An Ecosystem-based Fisheries Assessment and Forecasting Approach

Chang Ik ZHANG

Institute of Fisheries Science, Pukyong National University
599-1, Daeyeon 3-dong, Nam-gu, Busan, 608-737, Korea
E-mail: cizhang@pknu.ac.kr

A comprehensive ecosystem-based approach is required to holistically assess, forecast
and manage fisheries resources and their associated habitats by considering ecological
interactions of target species with predators, competitors, and prey species, interactions
between fishes and their habitats, and the effects of fishing on these processes. A
pragmatic ecosystem-based approach was developed for the assessment of fisheries
resources involving three management objectives: sustainability, biodiversity, and
habitat quality (Zhang et al., 2009). This approach has a two-tier analytical method. Tier
1 was designed for situations where sufficient information is available to allow for a
quantitative evaluation of the status of the system, while Tier 2 was designed for
situations where available information necessitated a semi-quantitative or qualitative
assessment. In this approach a total of 20 Tier 1 indicators and 24 Tier 2 indicators were
developed for assessment of ecosystem status, and both target and limit reference points
were chosen for each indicator to assess the status of species, fisheries and ecosystems.
Nested risk indices, such as objectives risk index (ORI), species risk index (SRI),
fishery risk index (FRI), and ecosystem risk index (ERI), were developed to assess the
ecosystem status at the management unit level. In this study an integrated fisheries risk
assessment, forecasting and management for ecosystems (IFRAME) is developed by
extending the approach developed by Zhang et al. (2009). IFRAME has an additional
management objective, socio-economic benefits, and it also includes three sub-models,
namely, assessment, forecasting, and management sub-models. The method was
demonstrated by applying it to the Korean large purse seine fishery. It was found that
this approach can be used to compare the status of species, fisheries and ecosystems
spatially and temporally, to evaluate the performance of management options under

various scenarios using an ecosystem perspective.

Keywords: Ecosystem-based approach, Assessment, Forecast, Two-tier analytical

method, Ecosystem indicators, Reference points, Risk index
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Invited Lectures

Sustainability of the Alaska Salmon Fishery
William W. SMOKER

School of Fisheries and Ocean Sciences, University of Alaska Fairbanks
17101 Point Lena Loop Road, Juneau, Alaska, 99501, USA
E-mail: wwsmoker@alaska.edu

Status of the Alaska salmon fishery. In 2009 Alaska continued over three decades of
sustained harvest above 100M salmon; the harvest this year was above 150M including
over 40M sockeye, 90M pink, and 16M chum salmon (preliminary State of Alaska data).
It was near the median of harvests for the past decade. For some species in some regions
the harvest in 2009 was predominantly of hatchery-origin salmon (e.g. Prince William
Sound pink salmon, Southeast chum salmon) but most of the harvest depended on
locally-managed fisheries dependent on naturally-reproducing salmon in healthy
ecosystems. Managers of some local area fisheries suspect that a trend over several
recent years toward smaller body size may be occurring (e.g. chum salmon in northern
part of Southeast; pink salmon in Southeast.)

Marine Stewardship Council Ecolabel. The Alaska salmon fishery was certified
Sustainable in 2000 and recertified in 2007 for five years by the Council. Thus salmon
harvested in Alaska have been able to carry the MSC sustainability ecolabel in the
marketplace. A single certification, applying to all salmon harvested in all parts of
Alaska, was sought by Alaska Department of Fish and Game because the market would
have been confused by multiple certifications of multiple fisheries for multiple species.
Certification applies to all five species harvested in any of the waters of Alaska. The
five species are divided into 16 Units in the certification process which evaluates each
Unit in certifying the entire fishery. Each Unit is a different regulatory Area or a
combination of fishing gear type and Area. Continued Certification is dependent on
successful annual surveillance audits by an agent of the Council. The auditors require
detailed reports from the Client each year. The Client for the certification process,
Alaska Department of Fish & Game, has withdrawn from the process as of May 2009.
This means that Alaska salmon harvested before November 2009 can be marketed with
the MSC certification ecolabel but if surveillance audits are not provided by a new
Client the certification may lapse. It is possible that Alaska Seafood Marketing Institute
will undertake the responsibilities of the MSC Client.

Alaska Seafood Marketing Institute. The Alaska seafood industry and the State of
Alaska cooperate through the Institute in increasing the economic value of the harvest.
They intensively promote the sustainability of fisheries, including salmon, to diverse
markets. They call attention to Alaska’s success in meeting the sustainability criteria
defined by the United Nations Food and Agriculture Organization in their efforts to
educate domestic retail, domestic food service, and international customers.
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Invited Lectures

Current Status and Recent Advance of Aquaculture in China

Hongxin TAN

College of Fisheries and Life Science, Shanghai Ocean University,
Shanghai 201306, P. R. China
E-mail: hxtan@shou.edu.cn

Food and Agriculture Organization of the United Nations predicts that worldwide
harvest output of aquatic products will be stagnant or decreased whereas the
consumption of aquatic products will be increased at the speed of 1.0% to 2.9%. The
increase of aquatic product output will mainly be attributed to the development of
aquaculture. For a developing country, especially for a country with a large population
and fast developing pace as China, aquaculture in the 21st century will not only face
favorable developing opportunities but severe challenges as well.

1. A brief introduction to the development of Chinese aquaculture

China has a very long history in aquaculture. Chinese aquaculture industry has
witnessed the growth rates of more than 10 percent every year. Since 1989, China’s
aquatic product output has been in the first place of the world. At present, it accounts
for 40% of the world’s aquatic product output, among which the aquaculture output
accounts for 70% of that of the world. China thus becomes the only fishery country that
aquaculture output exceeds fishing yield, with 9 billion US dollars of export volume
which accounts for 30% of the total export volume of agricultural products. Export of
aquatic products has enhanced China’s international competitiveness in the field of
fishery, thus promoted the development of domestic aquaculture and aquatic processing.
In 2006, the freshwater aquaculture area was 60,200 hectares and the aquaculture output
was 19.5 million tons which accounted for 97% of the total output of cultured fishes.
Aquaculture is a vibrant industry in China, Chinese aquaculture producers are rapidly
upgrading their technology to produce species such as black carps, grass carps, silver
carps, bighead carps, tilapia, catfish, eel, shrimp, abalone, sea bass, turbot, sea bream,
red drum, crab, flounder, trout, mussels, salmon and more.

2. A major challenge for Chinese aquaculture

China suffers from environmental pollution and a shortage of freshwater resources. The
problems of shortage of water resources and water quality-induced water shortage
become more and more prominent in China. The current fishery pattern costs a great
deal of resources and we need to shift the fishery pattern to the resource saving and
environmentally friendly orientation. This is not only a scientific issue but also a social
issue. However, the current scientific development of fishery in China does not meet the
transformation of fishery growth modes.

3. Aquaculture should be resource saving and environmentally friendly

How to make aquaculture be shifted to the resource saving and environmentally friendly
orientation? Simply speaking, in order to realize the goal of shifting to the resource
saving and environmentally friendly orientation, sustainable aquaculture mode will
become the direction of China’s aquaculture. Sustainable aquaculture must consider the
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ecological, social, and economic aspects of development. Recently, governments and
industry have realized that the focus of aquaculture must evolve into the development of
an industry that is both environmentally and socially sustainable in the long term.
Positive changes are being made with this growing interest and awareness of improving
the sustainability of aquaculture. With the expected expansion of aquaculture in the
coming years it will be vital that sustainable practices be implemented and further
developed to avoid environmental and social problems.

There are a number of alternative ways forward in the development of aquaculture,
which can offer more sustainable solutions. In some cases these methods have been
around for centuries, but they have rarely been adopted in the modern aquaculture
industry, and in other cases they are innovative practices that can be explored by
aquaculture proponents. Alternatives include ecological aquaculture, organic
aquaculture, polyculture, mollusc farming, and closed and low discharge systems. These
alternative practices have been successfully implemented in different areas of the world;
however, they must be examined for their application on a wider scale.

Concerns for water conservation and reduced waste discharges have prompted the
increased use of closed recirculating aquaculture systems. The systems are made up of
three basic components: culture tank, settling tank, and biological filter. Recirculating
systems have less of an impact upon the environment because of their closed nature —
wastes and uneaten feed are not simply released into the ambient environment in the
manner that they are with netpens and exotic species and diseases are not introduced
into the environment. In recirculating systems, wastes are filtered out of the culture
system and disposed of in a responsible manner. Recirculating systems can be built just
about anywhere, including in urban settings where they can use existing structures and
be placed close to markets, thereby reducing transportation costs. Recirculating systems
can be used to grow a wide variety of fish species year-round in controlled
environments. Species commonly grown in recirculating systems include hybrid striped
bass and tilapia. Additionally, much research has been dedicated to developing
recirculating systems for marine species of fish and this technology holds much
promise.

Ecological aquaculture has been defined as “an alternative model of aquaculture
research and development that brings the technical aspects of ecological principles and
ecosystems thinking to aquaculture”. Ecological aquaculture focuses on the
development of farming systems that preserve the environments in which they are
situated and enhances the quality of these environments while at the same time
maintaining a productive culture system. All aspects of the operation are interconnected
in order to minimize negative impacts on the community, both natural and social.
Ecological aquaculture can also be incorporated into sustainable fisheries management
and coastal zone management. In 2007, Shanghai has launched the construction of
standard ecological aquaculture bases, as a means to transform its traditional
aquaculture model. The base will form an ecological system, with 20 ponds with
distinct functions such as seedling raising, prawn-farming, a fish pond and artificial
wetland. A 1200 hektares ecological aquaculture area will be completed during the 11th
five-year-plan period. Shanghai will explore a low-cost and highly efficient way to
popularize the application of aquaculture model.
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Lectures

Ocean Ecosystem Conservation and Seafood Security for Future
Generation -A Case Study of Ecosystem Approach
to Fisheries and the Adaptive Management of
the Shiretoko World Natural Heritage Site

Yasunori SAKURAI " and Mitsutaku MAKINO 2

Y Faculty of Fisheries Sciences, Hokkaido University,
3-1-1, Minato-cho, Hakodate, Hokkaido 041-8611, Japan.
E-mail: sakurai@fish.hokudai.ac.jp
% National Research Institute of Fisheries Science, Fisheries Research Agency,
2-12-4, Fukuura, Kanazawa, Yokohama 236-8648, Japan

1. Human dimensions of global change in marine ecosystem

Marine ecosystems are impacted by global-scale climate variability and change. It was
recognized, however, that human activities such as intensive fishing also have strong
impacts on marine ecosystems, which may occur on more immediate time scales than
those of climate change. The recent international ocean research programs such as
IMBER (Integrated Marine Biogeochemistry and Ecosystem Research) focus on the
human dimensions of global change in marine ecosystems, and expand on the concept of
coupled marine social-ecological systems. Fisheries management is evolving towards
ecosystem-based approaches from the study and management of single species. Efforts
are now being made to measure and alleviate the ecosystem effects of fishing (Hall
1999) and focus is very much on how an Ecosystem Approach to Fisheries (EAF) may
be implemented (Garcia and Cochrane 2005).

Further, a full social-ecological system approach to the management of marine
resources must involve multiple-scale (from government to local fishing sectors)
objective setting based on societal choices, including ecological, economic and social
considerations. Operational objectives need to be established, requiring the
identification of indicators and reference points for sector impacts. Decision support and
performance evaluation rules need to be established, including their uncertainties. Future
change in marine systems will not be due to climate alone, but to the interactions of
climate variability, climate change, and direct-human effects, and future marine
research and management must take account of this reality. How to evaluate the
ecological status of the world's exploited marine ecosystems subject to multiple drivers
is to bring together a broader group of experts to further explore, test and expand the
development of a suite of robust ecosystem indicators for detecting ecosystem change in
response to fishing and environmental impacts.

2. EAF and adaptive fisheries management of the Shiretoko World Natural
Heritage Site, Hokkaido, Japan

Marginal seas contribute a substantial share to the world fisheries catch are hence
significantly impacted by human exploitation. Additionally these areas are increasingly
affected by climate variability and change. For log-term sustainable utilization of
marine resources in marginal sea, local fisher’s awareness change regarding the EAF
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and adaptive fisheries management may be needed. Adaptive management predicts and
monitors changes in the ecosystem and subsequently reviews and adjusts the
management and use of natural resources (Matsuda et al., 2009). Such predictions and
monitoring are best accompanied by feedback controls, such as the verification of
hypotheses based on the results of monitoring in order to review and modify
management activities.

Fisheries management in Japan is characterized by seeking balance between sustainable
use and ecosystem conservation and involving the co-management of fishers’
organizations (Makino et al., 2008). Fisheries in Japan face several important challenges,
e.g., (1) exclusive use by fisherman with fishery rights/licenses (there are few exceptions
for free-fisheries and recreational angling), (ii) lack of full transparency in management
procedures, (iii) lack of objective benchmarks or numerical goals in management plans,
and (iv) strong dependency on political pressure from abroad. Here, we elaborate upon
these characteristics of and issues facing the management of marine ecosystems in
Japan (Matsuda et. al., 2009).

We will present the Marine Management Plan for the Shiretoko World Natural Heritage
Site, Japan, as a case study of adaptive marine ecosystem management and
co-management of coastal fisheries.

The Oyashio shelf region and the seasonally ice-covered areas north of Hokkaido
including Shiretoko are highly productive, supporting a wide range of species such as
marine mammals, seabirds and commercially important species in the western subarctic
Pacific (Sakurai, 2007). Shiretoko is the third World Natural Heritage Site registered in
Japan and earned this title because of its (i) formation of seasonal sea ice at some of the
lowest latitudes in the world, (ii) high biodiversity, and (iii) many globally threatened
species. The natural resource management plan of the Shiretoko site is characterized by
transparency and consensus building, because (i) UNESCO and IUCN require that the
plan be sustainable; and (i1) the Government of Japan has guaranteed local fisheries that
there will be no additional regulations included in the plan. The Marine Management
Plan describes which species and factors are monitored, how these data are evaluated,
and how the benchmarks specified by ecosystem management are determined. The Plan
will provide a valuable example for the establishment of ‘“environment-friendly
fisheries” in Japan and other countries, because it includes voluntary activities by
resource users that are suitable for use in a local context, flexible to ecological/social
fluctuations, and efficiently implemented through increased legitimacy and compliance.
This approach is appropriate for developing coastal countries where a large number of
small-scale fishers catch a variety of species using various types of gear (Matsuda et al.,
2009).

References
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Lectures

Health Management of Hatched Fry for Sustainable Salmon
Propagation and Provides “Safe and Worry-free” Salmon Products

Mamoru YOSHIMIZU

Laboratory of Biotechnology and Microbiology, Faculty of Fisheries Sciences,
Hokkaido University, Hakodate, Hokkaido 041-8611, Japan.
E-mail: yosimizu@fish.hokudai.ac.jp

Sustainable propagation of salmonid fish under the ocean ecosystem is essential for
salmon industry. Salmonid fish including chum salmon (Oncorhynchus keta), pink
salmon (O. gorbuscha) and masu salmon (O. masou) are important species for hatchery
reared and released fish in Japan. Diseases, especially viral and bacterial diseases are
serious problems and one of the limitations of successful propagation and/or
aquaculture of salmonid fish. Methods currently used to control the diseases in
hatcheries are 1) hygiene and facility sanitation, 2) disinfection of water supply and
waste water, 3) health monitoring of matured fish and hatched fry. Under these
circumstances, hatched fish are healthy and specific pathogen free, but there is still a
possibility of infection with some pathogens in environmental waters after they are
moved to river or pond. For prospective study, development of effective vaccines and
immunological tools for judgment of vaccination effect is necessary.

To create safe and worry free salmon products, we have established a system using a
risk analysis based on hazard analysis (HA) and set up the critical control point (CCP)
from fishing through processing to distribution. Model program for improvement the
quality control of fisheries products from fishing to market was created using chum
salmon as a model fish species in 1999 with Hokkaido government, Japan. One town,
located in east part of Hokkaido, was selected to become the model district in addition
to its position as leading producer of chum salmon. This town received high marks for
its efforts to promote the advanced measures to preserve freshness, as well as its
approach to enhance the quality control of the marine products, such as the positive
sanitation and hygiene measures adopted by local processors. This town implemented a
local HACCP manual. Through this HACCP effort, the industry in the town district was
integrated. Today, Japanese government considers that a safe and worry-free food
product of the highest quality, by practicing the HACCP program and Good Practice
program is necessary for fisheries industry and consumer. This Local Town District
HACCP System has been accepted in many fishermen’s cooperatives, and created this
HACCP system in many towns and areas in Hokkaido and Tohoku. This risk analysis
using HA and set up the CCP are combined with traceability system and accepted
among consumers in Japan.

Keywords: Salmonid fish, Propagation, Disinfection, Vaccination, Risk analysis,
HACCP, Hygiene, Sanitation
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Lectures

Sustainability Sciences for Ocean Ecosystem Conservation and
Seafood Security

Masahide KAERIYAMA

Faculty of Fisheries Sciences, Hokkaido University,
3-1-1, Minato-cho, Hakodate, Hokkaido 041-8611, Japan.
E-mail: salmon@fish.hokudai.ac.jp

Marine food should be a renewable resource for humans. However, world fish catches
have peaked since the 1990s, despite increase in aquaculture production. Fish provide
more than 2.9 billion people with at least 15% of their animal protein intake (FAO,
2009). Tuna (Thunnus spp.) abundance decreased severely by overfishing since the
1980s (Myers and Worm, 2003). Bluefin tuna (7. thynnus) is already listed as a ‘critical
species’ in the IUCN. Although production from aquaculture is increasing worldwide,
many aquaculture programs cause destruction of aquatic ecosystems, such as
destruction of mangrove forests due to the introduction of shrimp aquaculture over the
last 20 years in Eastern Asia (Primavera et al., 2005), marine pollution and threats to
marine food security (e.g. contaminants in farmed Atlantic salmon; Hites et al., 2004).
Traditional fisheries science considers only fisheries, some consequences of which
include fishing down marine food webs (Pauly et al., 1998), overfishing of tuna, tragedy
of the commons, food mileage, ecosystem crashes and food pollution. A paradigm shift
is needed from traditional fisheries science to a new ecological fisheries science and
oceanography for protection of ocean ecosystems and human seafood resources for the
well being of future generations. The objective of this presentation is to consider risk
management, including adaptive management and precautionary principles based on the

ecosystem approach for protecting marine ecosystem and seafood security.

Carrying capacity and long-term climate change Population dynamics of Pacific
salmon (Oncorhynchus spp.) are directly affected by a number of stresses (climatic and
human impacts) that need to be considered within an ecosystem context. A significant
positive correlation was observed between the Aleutian Low Pressure Index (ALPI) and
carrying capacity at the species level. Residual carrying capacity was significantly
positively correlated with body size and negatively related to age at maturity in chum
salmon (O. keta) as an example of a density-dependent effect (Kaeriyama, 2008). On
the other hand, the biomass of wild chum salmon populations in the 1990s decreased to
50% of that in the 1930s, despite the significant increase in hatchery populations. This

phenomenon suggests that the increased number of hatchery salmon impacted the
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reproductive value (e.g. fecundity) of wild populations.

Global warming is affecting marine organisms. How will Pacific salmon be affected by
global warming in the near future? Using the SRES-A1B scenario of the IPCC, it is
possible to infer the global warming effect on chum salmon based on their optimal
temperature for growth (8—12°C). This suggests that chum salmon would be brought
into direct competition with other salmon populations, leading to decrease in the
survival rate and population density-dependent effects because of reduction of
distribution area, displacement to the north (e.g. the Arctic Ocean) and loss of migration
routes (e.g. the Okhotsk Sea).

Sustainable conservation management based on the ecosystem approach The
structure of ecosystems includes interaction between the abiotic environment and
organism, while the function of ecosystems includes interaction between the abiotic
environment and biodiversity. The aquatic ecosystem is subject to disturbance by
natural factors and human impact. Recently, human impact has strongly affected the
aquatic ecosystem (e.g. global warming, overfishing, habitat loss, creation of artificial
river channels, dam construction and the negative effects of aquaculture and hatchery
programs; Kaeriyama and Edpalina, 2004). We need to identify the limitations of
fisheries management, focused at the population level, and establish sustainable
conservation and management based on the integration of population level approaches
within a wider ecosystem-based approach.

Definitions of an ecosystem-based approach to fisheries management have been
proposed by several authors (NRC, 1999, Witherell et al., 2000, FAO, 2003, McLeod et
al., 2005, Murawski and Matlock, 2006, Marasco et al., 2007). We have used the
definition of McLeod et al. (2005) in this section: ‘Ecosystem-based management is an
integrated approach to management that considers the entire ecosystem, including
humans. The goal of ecosystem-based management is to maintain an ecosystem in a
healthy, productive and resilient condition so that it can provide the services humans
want and need. Ecosystem-based management differs from current approaches that
usually focus on a single species, sector, activity or concern. It considers cumulative
impacts of different sectors.’

In this century, ecosystem conservation and stable production of food from marine
sources are the most important issues for humans in the global earth system, considering
increases in the human population and impacts such as global warming. Sustainable
conservation management based on the ecosystem approach (SCMEA) for Pacific
salmon should be part of the sustainability science of fisheries and oceans. Three
aspects of the structure and function of the ocean ecosystem should be monitored,

particularly for Pacific salmon: (1) spatial and temporal changes including carrying
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capacity, food web and trophic level; (2) climatic oceanic conditions including global
warming and regime shifts and (3) biological interactions between wild and hatchery
populations, density-dependent effects and inter- and intra-specific competition. For the
SCMEA of Pacific salmon, adaptive management and precautionary principles are
important. In particular, adaptive management should be conducted based on the
feedback of monitoring, modelling and adaptive learning, which includes learning by

conducting risk analyses and consensus building.
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With economical development and life style changes, billions of people want to
diversify their diets by consuming less plant starch and more animal protein. Compared
to other animals, fish are highly efficient at converting feed into protein. Health
concerns have also prompted some people to shift consumption from beef and pork to
poultry and fish.

These resulted in the quick development of fish culture.

According to FAO statistics, aquaculture output expanded from 13 million tons in 1990
to 48 million tons in 2005, growing by about 9 percent a year. China is the leading
producer, contributing 83.6% of the increment. In 2005, China’s aquaculture production
is made up 70.5% of the world total.

China has a long history in aquaculture back to 2000 years ago. Since 1970s, under
the reform policies and driven by the economic benefits, the rapid development of
China’s aquaculture both in fresh waters and sea waters has been the focus of the world
attention. China’s freshwater fisheries output has increased rapidly by more than ten
times in the last 50 years, reaching more than 19 million tons (mt) in 2007, which is
equivalent to about 14% of the total world catch. The most commonly farmed species
are grass carp (3.55 mt), silver carp (3.07 mt), bighead carp (2.22 mt), common carp
(2.13 mt), crucian carp (1.94 mt), which accounts for 65.5% of the total freshwater
aquaculture.

Why these traditional species are farmed so abundantly? We should have an insight into
the characterization of Chinese freshwater fish culture.

Freshwater fish culture in China mainly refers to pond fish culture, which accounts for
about 70% of the total freshwater aquaculture production. Technological system for
pond fish culture is basically the ancestors' traditional Chinese fish farming technology,
which is refined and improved through knowledge and experience from research and
development efforts of last five decades. One of the outstanding features in pond system
is mixed and polyculture with high density: Several species are cultured in the same
pond. This experience was explored and accumulated by the Chinese fish farmers in a
long period of practical production activities. Different species of fishes are cultured in
the same pond according to their biological characteristics, food and feeding habits, and
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the water column inhabited by different species, so as to fully utilize the water space
and the available natural feed to maximize production per unit area.

Over time, China has evolved a remarkably efficient fish polyculture using four types of
carp that feed at different levels of the food chain, in effect emulating natural aquatic
ecosystems. Silver carp and bighead carp are filter feeders, eating phytoplankton and
zooplankton respectively. The grass carp, as its name implies, feeds largely on
vegetation, while the common carp is a bottom feeder, living on detritus on the bottom.
China's aquaculture is often integrated with agriculture, enabling farmers to use
agricultural wastes, such as pig or duck manure, to fertilize ponds, thus stimulating the
growth of plankton. Now, Fish polyculture which typically boosts pond productivity
over that of monocultures by at least half also dominates fish farming in India.

The above is the reason why cyprinid fish holds an overwhelming proportion in
freshwater fish culture.

The silver carp (Hypophthalmichthys molitrix) is a species of freshwater cyprinid fish,
which is a native species of China and has been raised in ponds since historic times.
Silver carp, like all Hypophthalmichthys species, have no stomachs; they are thought to
feed more or less constantly. Silver carp are thought to feed largely on phytoplankton;
they also consume zooplankton and detritus. As silver carp is a plankton feeder fish, it
occupies the upper region (surface waters) of culture ponds. As plankton feeders
throughout life, silver carp is indispensable for polyculture, which is widely practiced in
China. Silver carp is not very competitive with other adult fish, is less susceptible to
disease, and grow rapidly. As it is a fast-grower fish able to feed on the lowest level of
the food chain (phytoplankton). Silver carp is also used as a means of biological control
of algal populations due to its high filtering rates. And it is usually raised in polyculture
with other carp species. The overall aim of this practice is to make the best use of the
production in the water body and to ensure equilibrium between the different species in
their different ecological niches. Silver carp is chosen the principal species if ponds
have been heavily fertilized. The above several desirable characteristics that are sought
for by aquaculturists, also are the reason why Silver carp is imported to so many
countries. Silver carp are usually farmed in polyculture with other Asian major carps, or
sometimes Indian major carps or other species. Nowadays, this species is farmed in
almost every major continent. In fact, silver carp is the most widely fish species
cultured in the world. In China, the production cycle of silver carp lasts for two years: in
the first year silver carp are grown to 50 g, and reach 500-1000 g after the second year.
At this point, fish are sold.

Despite the fact that freshwater fish resources in China have expanded rapidly, their
distribution sphere and storage period are very limited since most freshwater fish are
transported as live fish without treatment, such as freezing and processing. Compared
with marine resources, freshwater fisheries resources lack the diversity of consumption
because of the backward transportation and processing technologies. A big gap
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existed between China and some developed countries in the world in the fish processing
industry, particularly in fishery products finely processed. Only 30% of landed fish
are processed compared to 70% in developed countries such as Japan. Freshwater fish
are almost always sold alive. Although the sector of freshwater fish processing has
gained a great development, the volume of the processed aquatic product from
freshwater fish only occupies 10% of the total according to the statistics in 2004, even
less with fine processing. Due to backward post-harvesting technologies compared with
fast increment of the production of freshwater fish, overproduction is the problem in
harvesting season in some fish farming regions. The market value of freshwater fish
drops because of the excess of supply over demand, which definitely would hinder a
further development of fish farming. To develop freshwater fisheries environmental
friendly and sustainably, the development of processing industry is essential to reduce
losses through poor handling of fish, to utilize over catch fish, and to raise the value of
fish products. In addition, improving fish quality, flavor, healthy and safe fish
products are another goals for Chinese government. In some means, processing
becomes the neck of the development of freshwater fisheries.

To address the post-harvest problems and fully utilization of the abundant animal
protein resource, Japan and China initiated a collaborative research project titled
“Development of freshwater fish surimi”. Because surimi is generally manufactured by
applying a simple technology of washing minced meat by water, dehydration, and
mixing with cryoprotectants and has a long frozen shelf-life, it is an intermediate
foodstuff with high potential for free productivity of texturized products, such as
imitation crab. Because of the low cost for aquaculture and low market value, silver
carp maybe a good materiel for making surimi. Our research group has investigated on
the utilization and processing of freshwater fisheries resources efficiently including
silver carp since 1996. We proposed that silver carp has good gel forming ability, which
is comparable to that of surimi made from Pollack, which is a typical commercial
marine fish surimi that accounts for more than 60% of world surimi production. Silver
carp showed a setting effect (suwari), texture-enhancing treatment by pre-incubating
salted surimi at temperatures lower than 40 °C before cooking at high temperature
(85 °C). As silver carp is a temperate fish, large temperature changes occur in a year,
we found the thermal stability of myosin, which is a main component in fish myofibrils,
differed seasonally. This also resulted in the different gel forming ability of silver carp
surimi which was prepared in different seasons. Now the industrial use of silver carp
surimi is conducted. It is promising that many kinds of seafood products, ready-to-fry
fish portions, surimi-based products, and fish sausages and cakes maybe processed from
freshwater fish species. It is believed that the improved processing technologies of
freshwater fish should ensure the sustainable development of freshwater fisheries.
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Asia-Pacific represents the most important region for fisheries and aquaculture
production. It is world’s largest contributor to the world’s aquaculture, producing 46.9
million tons or 91% of the global aquaculture production (FAO, 2005). The growth of
aquaculture production has been very strong for the last ten years due to the increased
production from China. The aquaculture production in Southeast Asia is diversified
comprising 41.6% freshwater fish, 23.5% of aquatic plants, 6.7% crustaceans, 7.3%
marine/diadromous fish and 21.1% of mollusks (Fig.1).
wvavaw  1he Philippines consists of 7,107
islands and islets which has rich in
3 marine and inland resources. In
terms of coastline resources,
Philippines ranked the fifth longest
coastline worldwide having 36,
-'omnivor R 289 kms. in length. The Philippine
herbivores) coastal zone is typical of tropical

callicaia e } 211@39) coasts with five major resource
—— units occurring along its shallow

mangrove  ecosystems, beach
systems, estuaries and lagoons.
The linkage between the upland
and coastal ecosystems is considered very important ecologically, therefore it is
emphasized that Coastal Resources Management (CRM) should not be limited to only
the coastal zone. The vast water resources allow Philippines to continue expanding its
aquaculture production. However, this should be done in sustainable manner.

In the Philippines, fisheries and aquaculture are an important part of the Philippines’
economy: growing rapidly, providing export income, providing rural employment and
sustenance for poor people. Agriculture and fisheries account to about a fifth of the total
economy and based on statistics, it employs a total of 10M people, nearly 40% of the
labor force (BFAR, 2006). Agriculture-based communities are host to most of the
poor in the country. Further, large increases of wild fisheries sector are unlikely due to
limited resources. In contrast, aquaculture is still expanding rapidly and the long
coastline with sheltered area provides opportunities for expansion. For aquaculture to be
sustainable there must be planned development to ensure that production is within the
carrying capacity of the waters and that the environmental impacts mitigated.
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Fig. 1. Aquaculture production in Southeast Asia
(Source FAO Yearbook 2006)

Aquaculture-related policy and legislations in the Philippines
The last decade of 19" century saw a major paradigm shifts towards conservation and
management versus expansion and exploitation and sustainability over expanded
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production (Lopez, 2004). It was also in 1980s when decentralization of national
policies and implementation of policies were devolved to local government units
(LGUs) when Republic Act (RA) 7140 was enacted and came to force. This Law was
followed with the issuance of RA 8435, otherwise known as Agriculture and Fisheries
Modernization Act of 1997 (AFMA) which provides for the maximized and sustained
utilization of production area towards local industrialization. The promulgation and
approval of RA 8550 (Fisheries Code of 1998) likewise is a significant milestone of the
decade. The legislation provides the policy, legal and institutional framework for
sustainable use of the fisheries resources with the long term goal of ensuring that the
fisheries sector objectives can be attained. Another equally important legislation is the
National Integrated Protected Areas System (NIPAS) Act of 1992 otherwise known as
RA 7586. The law provides for the establishment of protected areas with natural
biological and physical diversities of the environment particularly, those with biological
features to sustain human life and development as well as plant and animal life. These
include all areas of lands declared as parks, sanctuaries and refuges, reserves, landmarks,
protected landscapes and seascapes, virgin forests and watersheds existing as of 1993
and other areas as may be declared under the Law.

Environmental impact of aquaculture

Like many other human activities, aquaculture produces wastes which, if not properly
managed, may negatively affect the environment. Over the past decades, aquaculture
industry has experienced considerable expansion with attention being paid subsequently
to the environmental effects. The potential impacts of aquaculture are wide-ranging
from pollution problems, fish kills and eutrophication, most especially in enclosed
waters with poor water exchange rates. The increase in nitrogen and phosphorus from
aquaculture activities results to eutrophication, oxygen depletion and consequently fish
kills. Marine aquaculture operations and their associated infrastructure can disturb
scenic rural areas. Fish production generate effluent (e.g. waste feed and faeces,
together with associated by product such as pesticides) which can have unacceptable
impacts on the environment. There are also unwanted effects on wild populations,
such as genetic disturbance and disease transfer by escapes or ingestion of contaminated
waste.

Aquaculture impact in the Philippines
Brackishwater Aquaculture

Most brackishwater aquaculture activities -

in the Philippines were developed on 450 |y 40000
mangrove swamps. Some 400,000 has. 400 \\
Based from the data
of mangrove forests, less than half gg o X e e
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. © 250
swamps were developed into fishponds g2 N 140000 28,813
. . . s AN 1990 12003
which were converted into shrimp ponds. SE 1m0 | e i
Fishpond developers clear-cut the 100 138,000
mangrove area even up to the water edge 50
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to remain uncut. The clearing of forested
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the Philippines from an estimated coverage of 450,000 ha in 1918 to less than 248,813
ha in December 2003. The most rapid decrease in mangrove coverage was during the
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Fig. 2. Forested mangrove areas has decreased
greatly in the Philippines
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1960s-1970s when national policies encouraged the expansion of aquaculture. Today,
fishponds cover about 289,000 ha, most of which were formerly mangroves (Fig.2). It
is worthwhile to note that the mangrove forest which is the interface between the land
and the sea recognized as a rich nursery ground for various marine species.

Freshwater Fishponds

Freshwater fishpond operation as practiced in the Philippines is not known to have had
any adverse environmental impact. Production is very extensive and semi intensive
systems. Wastewater should not pose any problem, if this is used to irrigate croplands
instead of being discharged directly to a body of water.

Fishpens
Fish pens and cages structures to contain the fish in a body of water
potentially pose more negative effects to the environment. The cage and

pen cultures affect water body in the following manner:
* Take up space, thuscompeting with other users
¢ Alter flow regimes which govern transport of oxygen, sediment, plankton
and fish larvae
* Sediment and water column impacts

A typical example is Laguna de Bay, Philippines during the early 1980s. The fishpens
occupied 35,000 ha. of the lake’s 90,000 ha. area. The total fishpen area slowly
dropped over the years to reach only 4,425 ha. based on fishpen licensing records of
LLDA (2002). This reduction has been due to increased eutrophication of the lake and
rising number of fish kills.

Fish Cages

The uncontrolled proliferation of
fish cages in small lakes has
affected the dissolved oxygen
regime, water nutrient levels and
growth of fish in the cages in lakes
such as Taal Lake, Philippines
(Fig.3). Thus, during some
seasons low oxygen levels and
algal blooms can result in massive
fish mortality which has happened

many times. The sea cages are
also showing signs of environ- Fig. 3. Indiscriminate installation and operation of fish cages
in Taal Lake

mental impact.
Indiscriminate installation and operation has serious environmental consequences such
as accumulation of organic matter on the seabed with later undergo anaerobic
decomposition. The carrying capacity or the optimal area for fish cages in lake waters
and coastal sea farming still remains to be studied. In 1993 to 1998, there was an
increase production of Taal Lake from 13,778 MT to 40,263 MT specifically on
aquaculture. The production increase has attracted more investors to engage in fish
cage culture in the area resulting to the proliferation of fish cages at Pansipit River and
Taal Lake. To attain maximum production rate, operators practiced high stocking
density and intense feeding and as a result, fish kill occurrences were experienced in
1997 and in 2000. Because of the above incident, the lake-wide management plan for
an integrated sustained aquaculture and fisheries based on scientific knowledge of the
lake’s carrying capacity was developed. To address the problem, the following
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management interventions (Fig.4) were implemented in the lake in coordination with

the Local Government Units, local communities and other stakeholders;

1. Conduct of research and development studies (fish kill investigation,
feeds and feeding management of tilapia in the cages, isopod
infestation of native freshwater fishes in the lake.

2. Strengthen the fisheries management councils in the area.

3. Advocacy and extension services to include water quality monitoring
system, formulation of early warning systems and Information,
Education and Communication

Considering that Taal Lake is a designated protected are under the Republic act 7586
otherwise known as the National Integrated Protected Area System Act of 1992, a
holistic Management Plan for Taal Volcano Protected Landscape (TVPL) was
developed based on the guidelines provided for in the Act (Fig. 4), with the following
components:

1. Water quality and health of the lake

2. Aquatic living natural resources

3. Terrestrial watershed components

4. Disaster preparedness and management

5. Population and socio-economics

6. Research program and knowledge center
Recommendations
It is very clear that environmental issues are emerging with the expansion of
aquaculture and fisheries in the Philippines. The increased occurrence of fish kills and
the degradation of municipal fishing grounds caused a serious ecological problem. To
address this challenge, government, industry and civil society worked together in the
formulation and implementation of the management plan for sustainable aquaculture
based on the rules and regulations already in place. In general, the management of
aquaculture and fisheries should be undertaken with an ecosystem approach based on
their scientifically calculated carrying capacity based on appropriate regulations for
management. Aquaculture development must be made within the carrying capacity of
the environment so that it is sustainable. This requires good planning and management
of development. It also requires coordinated management at the site level, using
ecosystem-based management of the water resource. Monitoring impact of the
environment is likewise required to ensure that it is not causing long-term change to the
environment.

Management Model: Taal Lake as NIPAS Area
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Aquaculture, probably the fastest growing food—producing sector, now accounts for
almost 50% of the world’s food fish and is perceived as having the greatest potential to
meet the growing demand for aquatic food. In addition as sources of aquatic food
production, aquaculture has great potential for alleviation of poverty and generation of
wealth for the people living in coastal area. Many of the problems aquaculture has faced
as a result of its own expansion and also because of increased activity by other sectors
and stakeholders. This could effectively be resolved through a comprehensive
aquaculture planning, zoning and management information system that would facilitate
the formulation of strategies and planning for aquaculture development and sustain
existing aquaculture systems. The FAO code of conduct gives the direction for planning
and management of aquaculture (FAO, 1995). This code sets out principles and
international standards of behavior for responsible practices with a view to ensure the
effective conservation, management and development of living aquatic resources, with
due respect for the ecosystem and biodiversity.

Much of the information and data on aquaculture have been collected, such as
environmental, water quality and socio economic; however, there are view studies
which introduce a spatial element. To make the development sustainable, it is necessary
to develop an analytical framework that can incorporate spatial (and temporal)
dimensions of parameters that effect sustainability. Geographic information system
(GIS) and remote sensing (RS) have an important role in all geographic and spatial
aspects of the development and management of aquaculture. Both GIS and RS
technology are also used to define geographic framework, specify environmental
constraints and identify resources limitation. The extent of GIS and RS applications in
aquaculture has rapidly increased. The applications in aquaculture include different
targeting species (such as aquatic plants, fishes and shellfishes) with different main
issues, include suitability of the site and zoning, environmental impact of aquaculture,

planning for aquaculture among other uses of land and water, inventory and monitoring
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of aquaculture and the environment and fisheries and other competing uses. As an
example, we have analyzed suitable sites for scallop aquaculture in Funka Bay. Our
analyses were constructed from several sources of RS data and modeled using GIS
based multi criteria analysis (Figure 1).

Regarding spatial information system, the Fisheries and Aquaculture Management
Division at FAO is actively promoting the use of spatial analytical tools and
geo-referenced information (GISFish, http://www.fao.org/ fishery/gisfish/index.jsp) for
the analysis of fisheries and aquaculture data, and in the development of fisheries and
aquaculture management. Moreover, an ocean color community is also promoting the
use of RS for fisheries and aquaculture management through SAFARI (Societal
Applications in Fisheries and Aquaculture using Remotely-Sensed Imagery,
http://www.geosafari.org/index.html).

The main purpose of this topic is to promote the use of GIS and RS for improving the
planning and management of aquaculture in order to support sustainable development.
The capabilities of evolving GIS and RS provide a powerful tool for the efficient and
cost effective management of sustainable aquaculture. These technologies are also

useful for facilitating the decision making process in relation to aquaculture.
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Figure 1. Data layers (left) used in GIS models for identifying suitable sites for Japanese scallop
aquaculture potential in Funka Bay (right) (Radiarta et al., 2008).
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Compelling evidence signaling the effects of climate change are calling for urgent
measures aimed to adapt extreme environmental variations. In this regard, fishery
management and industries are far from exempt. Climate variability brings uncertainties
in the complex interrelationships that characterize marine environments, which include
sea temperature, salinity, water column stratifications, and nutrient availability for
primary production. Subsequent changes in physiological environments and food
accessibility in aquatic ecosystems often lead to dramatic changes in the abundance and
spatial distributions of fishery. This is a pressing challenge for fisheries management
and industries which targeting fishery resources exclusively distribute or migrate
competitive multiple economic excusive zones (EEZs) — transboundary fish stocks.

This is particularly true for the Pacific sardine (Sardinops sagax) resource, which has
exhibited extreme decadal variability in its abundance and geographic distribution
corresponding to water temperature regime shifts within the California current
ecosystem. Pacific sardine is a transboundary resource which is caught by Mexican,
U.S. and Canadian fisheries. These two factors threaten the sustainability of the
Pacific sardine resource, yet there is no formal transboundary conservation and
management in place for the resource. Our study develops a three-agent bioeconomic
game theoretic framework that incorporates environmental effects on sardine abundance
and biomass distribution. Simulations are conducted to evaluate the conservation and
economic benefits of full/partial cooperative and non-cooperative management
strategies for the time variant/asymmetric shares of the Pacific sardine resource by three
countries. Our results show that 1) under climate variability effective unilateral
conservation and management by a country having a dominate share of the resource
within its EEZ cannot be archived due to the actions of free-riders, and 2) full
realization of the conservation and economic benefits from cooperative management of
the resource is still greatly dependent on the domestic fishery policy of each country,
and 3) climate variability prevents full cooperative exploitations by Canada, Mexico
and the U.S. from stand-alone stable.

In this talk, with considering results from our study, I will discuss our anticipating
challenges in the North Pacific fisheries,
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