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Firestone Specialty Products manufactures high-quality, durable EPDM and reinforced
polypropylene geomembranes that offer an array of benefits to aquaculture producers.

Firestone Geomembranes:
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minimize fingerling loss * Provide better control at feeding time
* Prevent water leakage * Minimize contamination from the subgrade
* Increase stability of oxygen conlent = Are easy to install and repair, when necessary
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Editor’s note —

Freezing the footprint of aquafood

Jason Clay is well-known to many in WAS. He was the
plenary speaker at the triennial conference in 2007 and has
been actively engaged with the Society and a broad spectrum
of stakeholders to improve the environmental performance
of aquaculture. Jason has been involved with the develop-
ment of aquaculture Best Management Practices (although
he prefers the adjective “better”) and environmental certifi-
cation programs, especially with his long-term employer, the
World Wildlife Federation, where he is now a Vice-President
of Market Transformation.

Last year, Jason authored an article published in Sci-
ence (475:287-289) titled “Freezing the Footprint of Food,”
which is premised on the necessity of doing more with less
as an approach to feed 2-3 billion more people (than the
9 billion already here) by 2050. Jason calls for a freeze on
inputs to agriculture and offers a suggestions ranging from
low-hanging fruit to long-term structural change.

In his article, Jason identifies eight strategies—what he
calls “food wedges”—to achieve the freeze. The strategies
are discussed broadly with respect to global agriculture and
he does not single out aquaculture. Nonetheless, some strat-
egies have relevance to aquaculture and these are discussed
here. At the top of the list is genetic improvement. The
combination of traditional selection techniques, aided by
molecular markers, and a range of modern biotechnologies
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offers the promise of improved performance, particularly in
growth rate, feed conversion, and disease resistance. Broadly
speaking and with some notable exceptions, aquaculture
lags far behind other forms of animal agriculture when it
comes to genetic improvement. Given the generally superior
growth performance in terms of nutrient and energy con-
version of feeds by aquatic animals as compared to terres-
trial livestock, freezing the footprint of food can be aided
by shifting resources for breeding programs from poultry,
swine, and cattle to fish and shrimp.

Better practices are identified as another food wedge in
Jason’s article. He argues for raising the level of the low-
est-performing producers because the scope for increasing
their productivity and income is greatest and they make
a disproportionately large contribution to environmental
impacts. He calls for new thinking about ways to transmit
information to farmers. Weak governments, especially in
lesser developed countries, means that traditional extension
services are ineffective. Using master farmers or hatchery
owners to deliver better practices to low-performing pro-
ducers might be a more effective approach. Ecolabeling
programs that have better practices at their core could also
provide an incentive for more producers to improve prac-
tices and performance. The proliferation of such programs

( Continued on page 5)
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Erratum

Dr. Stickney takes full responsibility for the mis-
spelling of Nepal on the cover and photo credit in the
December 2010 issue of World Aquaculture and ex-
presses his regret for missing the error during review
of the proof.”




President’s column

The World Aquaculture Society has a well-or-
ganized and decentralized system to promote and
achieve the goals of the Society. This system con-
sists of and is operationalized by committees, work-
ing groups, and chapters. I would like to take this
opportunity to have a short discussion about the
chapters of WAS.

The idea of chapter formation was launched
about three decades ago with the main goal of in-
creasing global participation in WAS. At present
there are five chapters within the Society: the United
States Chapter (USAS), the Asian Pacific Chapter (APC),
the Latin American and Caribbean Chapter (LACC), the
Korean Chapter, and the Japan Chapter. Each represents
a specific geographic area of influence and is an essential
mechanism to promote WAS in that area. Chapters with
more than 200 members are entitled to send one voting del-
egate to the meeting of the Board of Directors of the World
Aquaculture Society (Bylaw 10, Section 2).

It is expected that chapters become administratively and
independently self-sustaining within a short time of their es-
tablishment. It is also expected that chapters organize scien-
tific meetings for their members and actively participate in
the development of aquaculture in their geographic area.

Since their establishment, chapters have been supporting
the goals of the parent society in various ways. Most have
been very active in editing and publishing books, organizing
scientific meetings, and organizing sessions at WAS annual
conferences. As evidence of this, the two major upcoming
events are WAS chapter conferences. The first one is the An-
nual Conference and Exhibition of the US Chapter that will
be held in Las Vegas, Nevada from February 29 to March 2.
The mid-year meeting of the WAS Board of Directors will
be held immediately after that conference. I will provide my
impressions about the US Chapter conference in the next
issue of World Aquaculture magazine.

Another upcoming conference will be held in Melbourne,
Australia from May 1-4. The conference and trade exposi-
tion has been organized by the Asian Pacific Chapter and
a large audience is being expected. There were more than
1,500 participants at the APC meeting held in Kochi, India
last year.

Any individual can join a chapter; however, it is a pre-req-
uisite to be an active member of WAS. To join a chapter it is
also necessary to pay an additional modest membership fee of
USS$ 5.00 per year. Society members can join as many chapters
as they like, as long as they are willing to pay for the privilege. I
encourage all members to join at least one chapter.

During the meeting of the WAS Board of Directors in
Natal, Brazil last June, there was some discussion about

the current situation with some chapters. Over
the years the Board of Directors has been very
careful to approve a petition for establishment
of a new chapter. The Board must judge that
the chapter has a reasonably good probability
that it will achieve administrative and financial
independence. This is to prevent the undesirable
situation that a chapter would have to be closed
because of the lack of activities, which could

cause losses to WAS and its members.
Therefore, despite the decentralized organi-
zation of the Society, chapters are governed by the WAS By-
laws and rules for the establishment of a chapter are provided
in Bylaw 10 (www.was.org). Chapters must submit reports
to the WAS Board of Directors, which in turn will support
the chapters and ensure that their activities will continue to
promote benefits to WAS members and to the development

of aquaculture in each chapter’s geographic area.
— Ricardo C. Martino
President

Book Review

Aquaculture and Fisheries
Biotechnology: Genetics
Approaches, 2nd edition
by Rex Dunham

CHRISTOPHER C. GREEN!

Integration of genetics with aquaculture and fisheries,
specifically through the application of technology, and an
understanding of recent advances in genetics are critical for
the development of high-performance culture species. There
is often difficulty understanding how new genetic approach-
es and advances will benefit or be integrated in an aquacul-
ture framework and this book attempts to address that issue.
Rex A. Dunham is an Alumni Professor in the Department
of Fisheries and Allied Aquacultures at Auburn University
and is uniquely poised to relate his own work in aquacul-
ture and genetics as well as draw from other research in this
rapidly developing field. Channel catfish are featured to a
perhaps excessive degree as the example organism for the
wide array of topics covered in this volume as the author

( Continued on page 66 )
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WAS Board adopts and operationalizes

a hew strategic plan

GraHAM C. MAIR

I recently completed a three-year term as a Director
on the WAS Board, an enjoyable and rewarding experi-
ence. I believe it is important when in such a position to
actively contribute to the Society by taking responsibility
or ownership of one or more specific activities focused
on delivering a concrete and achievable output within the
time frame of the directorship. Through my membership
on the Finance and Long Range Planning Committee,
I found myself driving a process, fully supported by the
Board, to upgrade the WAS Strategic Plan. From the out-
set I was keen that this be more than simply updating a
document that will then sit on a shelf in the WAS Home
Office until a future board member gets the task to up-
date it again. The goal from the beginning was to produce
and operationalize the Strategic Plan as a management
tool that would be used routinely by the Board as a living
and evolving document, guiding its actions and providing
continuity over time.

In developing this Strategic Plan the Board has gone
through a systematic process, first by streamlining its
strategies (from a previous list of nine to a new list of
six - see Box 1). Under each of these strategies we then
identified a number of key target outcomes we would like
to achieve for the Society over the five-year life span of
the Plan. Under each outcome we then identified a se-
ries of key outputs that the Board could achieve within
a defined timetable that would deliver or contribute to
the delivery of outcomes in the longer term. Lastly, un-
der each output, we identified activities, the measure by
which achievement of the output would be determined,
and the committee that would be primarily responsible
for delivering each output.

This was no trivial exercise, with the plan being devel-
oped over three Board meetings with active participation
of the whole Board. The key principle underlying the plan
is that the Board should be working towards the achieve-
ment of tangible outputs. We followed the SMART max-
im for our outputs, ensuring that each was specific, mea-
surable, attainable, relevant and timely. The measurable
achievement of these outputs will move the Society for-
ward in an agreed direction as defined by strategies and
target outcomes within each Strategy.

However, it was not sufficient merely to produce a
comprehensive Strategic Plan, and there is no doubt that
the developed plan is comprehensive! It was vital that the
plan be operationalized, that it becomes central to the
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Key strategies in the WAS strategic plan

1. Deliver quality services that meet the needs of our
membership within the global aquaculture commu-
nity.

2. Improve global representation within the society
(membership and leadership), especially from un-
derrepresented groups.

3. Improve the visibility, recognition and outreach of
WAS in the global community.

4. Develop linkages and alliances with aquaculture
and related organizations.

5. Recognize and reward excellence in aquaculture
service, technology and innovation.

6. Ensure commitment to excellence in management
and a sustainable business model.

functioning of the Board and that it evolves during the
five-year term of the plan to take into account changes in
priorities and contributions of new Board members. At
its post-conference Board meeting in Natal, Brazil, the
Board agreed not only to adopt the Strategic Plan but
to operationalize it through each Board committee being
assigned responsibility for delivering a series of outputs
within the plan and reporting against progress towards
these outputs at each Board meeting. During its review of
progress at each Board meeting any changes or updates to
the Strategic Plan can be identified and an updated ver-
sion of the plan produced after the meeting such that the
plan will evolve. The plan would then be more compre-
hensively reviewed after five years prior to issuing a new
five-year plan. A copy of the Strategic Plan can be found
on the WAS website.

The Board found the Strategic Plan development pro-
cess to be a worthwhile exercise that focused the Board on
the key strategies, outputs and associated activities that
will move the Society forward in the right direction. Ef-
fective operationalization of the plan should ensure that
current and future Boards, including the Executive Direc-
tor, have a common and clear vision of the development
of the society and a continuity in the progress toward key
targets over time, even as the composition and member-
ship of the Board changes.



EpiTtor’s NOTE

( Continued from page 2 )
in aquaculture is a testimony to the now widespread inter-
est in the role of better practices.

Jason calls for an across-the-board doubling of efficien-
cy in the use of every production input, including water,
feed, fertilizer, and energy. This is a very high bar. Cer-
tainly the scope for doubling the efficiency of some inputs
is better than others, but there is always room for improve-
ment. Aquaculture faces limiting factors everywhere it is
practiced. Once explicitly identified, producers have strong
economic incentives to develop creative approaches to in-
crease efficiency of limiting inputs. Occasionally policies
such as subsidies can distort or mask the limitation, so
policy reform may be necessary to enable improvement in
input efficiency.

Jason also calls for more use of degraded lands. Certainly
aquaculture ponds can be built using saline soils and on
marginal or unproductive land and managed effectively, as-
suming water is available, thereby reserving land with good
soils for staple grains or other terrestrial crops. Aquaculture
can also make increased use of degraded water, such as ir-
rigation drainage, wastewater, or high-salinity groundwater.
I am not convinced that using degraded lands is the best ap-
proach. One can also argue that degraded or unproductive
land should be allowed to revert to nature and that more
effort should be dedicated toward the responsible and ethi-
cal intensification of agriculture where production potential
is greatest.

Jason also included consideration of a social factor, the
need for clear property rights and land tenure, especially in
Africa. He sees this as a huge impediment to freezing the

100 YEARS

1 MILLION STORIES

footprint of food. Landless or tenant farmers have little in-
centive to invest in improvements of their land. These invest-
ments could improve environmental performance, reduce
waste, increase the efficiency of inputs, and improve farm in-
come. This is clearly true with respect to converting land to
fish ponds, which requires a substantial capital investment.
Improving title to land would open the door for more po-
tential fish farmers and improving practices on those farms
that already exist.

Jason identifies the huge losses that occur after crops are
harvested as an area that needs attention. Obviously the
products of aquaculture are highly perishable and maintain-
ing product quality (and safety) has always been a primary
concern in marketing. Given that most fish in aquaculture
are low-value species marketed within the countries where
they are produced, attention to preserving freshness after
harvest will increase the availability of fish to low-income
consumers.

Although the focus of Jason’s article is on the major
cereal crops, his suggestions have specific application to
aquaculture. In the context of global agriculture, aqua-
culture production is a minor player. Nonetheless, the
kinds of changes he suggests are relevant and will allow
farmers to be more productive and less wasteful and will
allow aquaculture to make a contribution to freezing the
footprint of food. Before resources become limiting, we
can slowly and deliberately work towards doing more
with what we have now, while the broadest range of op-
tions remains open to us.

— John Hargreaves
Editor-in-Chief

Pack more into your
aquaculture degree

Bachelor of Aquaculture and Environmental Management
Study in Australia at NMIT’s very own Aquaculture Training and
Applied Research Centre, designed to meet industry standards in:

- fresh and salt water indoor re-circulating systems

- water quality laboratory

- live feeds production research laboratory

- hatchery & broodstock rearing facilities and breeding programs
NMIT's Primary Industries Production Training Centre also provides

specialist equipment for freezing, processing and packaging of
aquaculture products.

Find out more at
Call +61 3 9269 1042
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U.S. Aquaculture Society Chapter Update

In my final column as president of the United
States Aquaculture Society, I want to reinforce
the subject of WAS President Dr. Ricardo Mar-
tino’s column in this same issue on the impor-
tance of chapters to the WAS parent society.

As aquaculture continues its expansion in
the USA and globally, the potential role and
importance of WAS and its chapters increases
as well. With regards to the USAS, our mission
is to provide a national forum for the timely
exchange of information among aquaculture
researchers, students and industry members in the United
States. The USAS serves this mission through sponsoring
workshops and meetings, fostering educational opportuni-
ties, and publishing aquaculture-related materials important
to U.S. aquaculture development. Our membership fluctu-
ates between 800 and 900 members per year, representing
the broad spectrum of public and private organizations such
as academia, government, industry, education, and other in-
dividuals either engaged or interested in aquaculture.

While we have a mandate to advance aquaculture, our ef-
fectiveness is only as good as our leadership is strong. In that
regard, I wish to review briefly the organization of the USAS
and opportunities for members to serve the society either in an
official or unofficial capacity. Within the elected leadership of
the society are the officers and the Executive Board. Officers
are represented by the President, President-Elect, Vice Presi-
dent, and Secretary/Treasurer. The Executive Board consists of
the officers, along with four Members-at-Large who are elected
to 2-year terms, the Immediate Past-President, and the Student
Liaison (a 2-year ex-officio member of the Executive Board).

The activities of the USAS are conducted through Commit-

tees, which are chaired by officers and executive board
members, but may be comprised of members of the
society in good standing. Standing committees include
the Election Committee, Finance Committee, Confer-
ence Committee, Awards Committee, Publication Com-
mittee, Student Activities Committee, Student Subunit
Committee, Strategic Planning Committee, Rules and
Regulations Committee, Promotion and Membership
Committee, and Presidents Committee. There are also
ad hoc committees that are established and dissolved
as needed to address specific activities or agendas as
deemed appropriate to achieve society initiatives.

There are numerous opportunities for members of the
USAS to engage in leadership and service to the society. [
urge each of you to consider service to the society at some
point during your career and engagement with USAS. An
engaged membership makes a strong society. I'm extremely
fortunate and appreciative of our membership and the op-
portunity to serve you as President in 2011 and look for-
ward to continued service as Immediate Past-President and
beyond. I am further appreciative of all the service and
support towards advancement of the society by the 2011
USAS Officers, Executive Board, committee members, and
of course our Home Office staft and Executive Director and
thankful for their hard work and diligence as they balance
service to the society with their daily jobs, family, and oth-
er commitments in life. Hoping everyone has a wonderful
meeting this year in Las Vegas at “Bringing All Players to
the Table” Aquaculture America 2012 and I look forward to
seeing all of you there.

— Michael H. Schwarz
U.S. Aquaculture Society President

New FAO Technical Report

A new FAO Fisheries and Aquaculture Technical Pa-
per (564) on “Demand and supply of feed ingredients for
farmed fish and crustaceans: trends and prospects” has
been released. The authors are internationally renowned
nutritionists Albert Tacon, Mohammad Hasan, and Marc
Metian. Some of the findings highlighted in the Executive
Summary include:

* About 46 percent of total global aquaculture production
is dependent on the supply of feeds.

e Compound aquafeed production grew three-fold from
1995 to 2008 or about 11% per year.

* Aquafeeds represent only 4 percent of global animal
feed production.

e About 29 million tons of compound aquafeeds are pro-
duced annually, along with 19 to 31 million tons of farm-
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made aquafeeds, and more than § tons of low-value fish
used directly as feed.

e The aquaculture sector uses more than 68 percent of global
fishmeal supplies and 81 percent of global fish oil supplies.

e The total use of fishmeal has been declining and is ex-
pected to decline further.

* Incontrast, the use of fish oil is expected to increase slowly.

* There is considerable scope to increase the use of meals
and oils from terrestrial animal by-products in com-
pound aquafeeds.

* On average, compound aquafeeds contain 25 percent
soybeans by weight.

» The sustainability of the aquaculture sector is more like-
ly linked to the sustainability of terrestrial animals and
plants for feed resources than to that of marine products.



Asian Pacific Chapter Update

It has been about a year since the last WAS-
APC event, the Asian-Pacific Aquaculture Con-
ference held in Kochi, India. We are now gearing
up for the next big event, Australasian Aquacul-
ture 2012, which will take place from May 1-4 in
Melbourne, Australia. Here are some quick up-
dates on the state of the Chapter since the last
meeting.

After discussions between representatives of I
Asian Pacific and Japan Chapters, a decision was h I
made to begin to merge these two chapters to-
gether to strengthen the Asian region overall. We hope to
complete this process later in 2012.

‘We have a new president elect, Dr. Amrit Bart, who is cur-
rently Director of the Asian Institute of Technology Center
in Vietnam. He has already been taking part in Chapter ac-
tivities, including helping to plan the next APA meeting.

Plans have been moving forward to hold the next Asian-
Pacific Aquaculture meeting in 2013 in Ho Chi Minh City
and to support this effort John Cooksey and Mario Stael
visited Vietnam in December 2011. It is expected that this
event will occur in the last quarter of 2013. This location
was chosen because of Vietnam’s strong aquaculture sector,
third in the world after China and India, and Ho Chi Minh
City in particular because of its close proximity to promi-
nent aquaculture production areas. This event will be held
in conjunction with the International Oyster Symposium
(IOS5).

The Asian-Pacific Chapter Executive Commit-
tee has been working on some ideas for regional
symposia, as outlined in the Kochi meeting. The
goal is to have smaller, targeted events to bring
knowledge to areas that need more focused atten-
tion. Some possible targets are arid aquaculture in
the Middle East, post-tsunami/high value aquacul-
ture in Japan, and national aquaculture develop-
ment in Myanmar.

As president, I have been giving presentations
about WAS in various venues, including Myanmar,
Philippines, and Indonesia. I will be moderating at the 3rd
Annual AquaTech Conference in the Philippines in April
2012 where the Asian-Pacific Chapter is a named supporter
of the event.

We continue to work on the idea of an expanded role
for others in our Chapter through an Executive Advisory
Council and Country Ambassadors Program. If you are a
member of the WAS-APC we encourage you to contact the
Board member in charge of this effort, Dr. Ram Bhujel, by
emailing the WAS-APC (apcwas@was.org).

This is only a short update of our Chapter activities. If
you are in the Asian region and not yet a member of the
WAS or APC, please feel free to contact us via our email
above. We are looking forward to an eventful and exciting
2012 for WAS and the Asian-Pacific Chapter!

—Lukas Manomaitis
Asian Pacific Chapter President

Korean Chapter Update

A technical seminar on recirculating aquaculture sys-
tems was held on May 12, 2011 in Seoul, Korea. This
international seminar was co-organized by the Korean
Chapter of the World Aquaculture Society (KC-WAS) and
the Aquaculture Chapter of Korean Society of Fisheries
and Aquatic Sciences (AqC-KOSFAS), and supported by
the Organizing Committee of the International Exposi-
tion Yeosu Korea 2012 (EXPO 2012 Yeosu). EXPO 2012
Yeosu will be open on May 12 and run for three months
in Yeosu, Korea (eng.expo2012.kr). The main theme is
“The Living Ocean and Coast,” conceptualizing the most
desirable future for the ocean whose sound preservation
and well-being is essentially linked with the survival of
humankind. As the KC-WAS and AqC-KOSFAS have
been supporting this event since its inception in 2007, we
enthusiastically welcome all WAS members. We expect to
see all of you in Yeosu soon.

On June 24-25, 2012, the KC-WAS and the AqC-
KOSFAS will join together at the annual conference in
Kangnung, Korea. At the last joint meeting, about 100
members registered and delivered oral and poster presen-
tations. During the last AqQC-KOSFAS annual business
meeting the election committee identified the new chapter
president, Seok-Joong Kang, professor at Gyeongsang
National University. Ik Kyo Chung, President-Elect of
the KC-WAS, professor at Pusan National University ac-
ceded to his presidency for the 2012-13 term. New mem-
bers of the Board of Directors are Gun Wook Baeck of
Gyeongsang National University as Secretary and Joo
Myun Park of Chonnam National University as Trea-
surer.

— Ik Kyo Chung
Korean Chapter President
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Bioeconomic analysis of the area
impacted by a sea bream farm in Gran

Canaria, Spain

RABASSO-KROHNERT!, MIGUEL AND HERNANDEZ, JUAN M.

In last decades, global aquaculture production
has increased, diversified, intensified and techno-
logically improved. Current and forecast produc-
tion figures (FAO 2010) show its huge potential as
an income-generating activity and its essential role
in food security and poverty mitigation. Neverthe-
less, aquaculture production includes some nega-
tive effects on the surrounding area where the farm
is located, such as effluents (e.g., food discards, nu-
trients, metals, other chemical products), escapes
or attraction of foreign species, competition with
other activities, and visual impact to the local pop-
ulation. In some instances, the combined effects—
exacerbated by inadequate farm management—
may result in serious ecological and socioeconomic
consequences (e.g., destruction of natural habitats
or disease epidemics). These externalities or un-
desirable effects have led to increased concern or
distrust about the sustainability of marine aquac-
ulture in net pens in technologically advanced so-
cieties.

Enrichment of organic matter in the environment de-
rived from emissions from marine net-pens has attracted
the interest of researchers. Many such studies use models
to quantify biophysical mechanisms regulating material
releases, such as metabolic processes related to the emis-
sions of organic matter and other nutrients, dispersion of
these materials, and impacts on the natural environment.
The farm is normally considered to be a static system.
Proposed models do not consider changes in manage-
ment strategies that may influence the ecological impact
of emissions.

Fish Production and Material Emissions Model

The research team of aquaculture economics and man-
agement of the University of Las Palmas de Gran Canar-
ia (Spain) has developed a bioeconomic model based on
simple biological and physical relationships. The model
estimates the mass of emissions from a marine fish farm,
the dispersion of those emissions, and their effect on the
surrounding area. Annual production, harvesting size,
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Fig. 1. A bioeconomic model for a marine net-pen system.

and other management factors are included as variables
in the model. This methodology allows estimation of
the economic results and environmental impacts derived
from alternative management decisions on the farm and
may help farm owners, government regulators, and local
citizens consider the economic and environmental effects
of production.

The bioeconomic model is assembled from separate
modules that integrate biological, physical, economic,
and managerial elements in the production and environ-
mental impact from a marine aquaculture farm (Fig. 1).
Biophysical components of the model are represented
in modules located on the right side of Figure 1. The
biomass growth module provides information on fish
size throughout the culture period, depending on fish
weight and water temperature. The amount of food sup-
plied during the growth period is estimated in the food
supplied module, which is also determined by fish size
and water temperature. The nutrient balance module es-
timates the flow of nitrogen, phosphorus, and organic



matter produced during fish
culture. This is the input for the
dispersion module, which calcu-
lates the impacted area depend-
ing on particle settling velocity,
water depth, velocity and direc-

tion of current. Finally, interac-
tion between discharges and the
seabed are analyzed in the ben-
thic effect module. Formal rela-
tionships among variables (i.e.,
model coefficients) in modules
were extracted from published
theoretical and empirical stud-
ies. If specific information on
commercial growth of the spe-
cies and physical conditions of
the environment is available,
functional expressions and pa-
rameters included in the model
can be adapted to particular
species and production strate-
gies.

Economic and management
components of the model are
represented on the left side of
Figure 1. Specifically the economic results
module calculates the financial results of the
farm (profits, net present value, and internal
rate of return) obtained from the commercial
activity. Production is planned in the manage-
ment strategy module, which includes some
management choices in the farm, e.g. annual
production, harvest size, or time span for the
investment. Thus, economic and environmen-
tal consequences of different production al-
ternatives can be estimated.

Case Study: Sea Bream Net Pens in
Melenara Bay

Fig. 2. Location of the case study farm site on Gran Canaria, Spain.
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The model was fitted to sea bream (Sparus
aurata) culture conditions in Melenara Bay
(Gran Canaria Island, Spain) (Fig. 2). Wa-
ter temperature in this region ranges between
17.3 °C in summer and 18-22 °C in winter. The seagrass
Cymodocea nodosa is the predominant plant in the soft
sediment of the bay. It exerts an important ecological and
physical role in the coastal ecosystem (stabilization of
marine substrates, detritus generation, and nutrient pro-
vision). Accordingly this species is considered a bioindi-
cator of human activities on the seabed.

There are currently 12 net pens in Melenara Bay for sea
bream and sea bass culture, each ranging from 13.2 to 16
m in diameter, 8 m high, and bound with a steel cable en-
closing a surface area of 4848 m2. The annual production
is around 1200 t, monthly production fluctuates between
25 and 225 t, and harvest size ranges between 450 and
1000 g. Extruded commercial feed is commonly provided

Fig. 3. Simulation of the impacted area in Melenara Bay derived from a fa-
cility with annual sea bream production of 600 t and harvest size of 450 g.

to fish, although sometimes pelleted feed is used.

To fit the bioeconomic model, a data set of sea bream
growth in 12 separate cages was considered. The monthly
number of individuals in a cage and the amount and com-
position of feed supplied were used to calculate the feed
conversion ratio for the culture period. Other informa-
tion needed to fit the model (metabolic parameters, set-
tling velocity of particles, current direction and velocity,
depth, degradation coefficients, and economic data) were
collected from technical reports and specialized bibliog-
raphies. A daily organic matter sedimentation rate of 5 g/
m? was used to indicate complete degradation of the sea-
bed (Diaz-Almela et al. 2008).
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Fig. 5. Net present value as a function of annual production of sea bream

harvested at three sizes.

Figure 3 illustrates the impacted area from the sea
bream farm, assuming an annual production of 600 t and
a harvest size of 450 g. The surface occupied by net pens
is concentrated in a central circular area of the represent-
ed spot. Emitted particles fall to the seabed at a certain
distance from this central area, depending on particle set-
tling velocity, depth, and direction of currents, which is
mainly determined by tide in Melanara Bay. Thus, solids
accumulate on the seabed in an ellipsoidal pattern (Fig.
3).

To find the best management strategy that integrates
economic and environmental perspectives, 18 production
scenarios of sea bream farming were analyzed: three har-
vest sizes (350, 800 and 1200 g) and six annual production
levels (from 500 to 1500 t), divided into four lots annu-
ally. Figure 4 shows changes in the impacted area result-
ing from emissions from net pens for different annual pro-
duction levels and harvest sizes. As expected, the area of
environmental impact increases with scale of production
and harvest size, although the impact area increases sub-
stantially when production exceeds 700 t/year.

Figure 5 shows the economic performance (net present
value in 20 years) resulting from different management
strategies. Economic returns increase with annual pro-
duction. However, the influence of harvest size is not
straightforward. The most profitable harvest size is 800 g
and the final size of 1200 g is suboptimal. Managers have
economic and environmental information (Figs. 4 and 5)
on the effects of different management strategies.
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The Value of a Broad Modeling Approach

Recently, marine aquaculture in net pens has been facing
an image problem because of real or perceived negative envi-
ronmental effects, which calls into question the sustainabil-
ity of fish farming in net pens. With the purpose of centering
this debate on reasonable terms, it is useful to apply meth-
odologies that rigorously assess the net social benefits of the
activity, including monetary returns and ecological costs. In
addition, these methodologies should be dynamic, that is, al-
ternative management strategies and their effect on obtained
social benefits should be included in their hypotheses.

The bioeconomic model described here points the way be-
cause it provides producers and managers a simple quantita-
tive tool for decision making on farm management, taking
into account financial returns and environmental impacts
derived from marine aquaculture.

Notes

"University of Las Palmas de Gran Canaria, Spain.
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Mangrove forests and aquaculture
farmers: Aspects of climate change
adaptation on the central coast of

Bangladesh

M. Mi1zANUR RAHMAN"! AND M. SHAHADAT HOSSAIN!

Aquaculture production and its share of the seafood
market are predicted to expand and play an increasingly
important role in meeting global fish demands. The success
of the sector, therefore, has important implications for food
security and as a source of income for a growing number
of producers. Consequently, any potential direct or indirect
effects of climate change on aquaculture must be taken seri-
ously.

The major consequences of climate change include ice
melting, sea-level rise, irregular drought and rain, cyclonic
storms, coastal erosion, inundation of low-lying areas, salin-
ity intrusion and groundwater contamination. Sea-level rise
will have gradual impacts because of the loss of land from
inundation and erosion. Salinization of groundwater may
reduce the availability of freshwater for aquaculture, agricul-
ture, domestic and industrial uses. Similar problems may arise
with increasing the frequency of droughts. Severe droughts
may lead to water shortages and massive forest fires. Forest
fires release millions of tons of carbon into the atmosphere,
creating a dangerous feedback loop that further accelerates
global warming. The severity and frequency of storm surges
increase from the effects of mean sea-level rise and the loss of
natural defenses, such as mangrove forests. High winds and
waves destroy structures used for coastal aquaculture such as
embankments, pond dikes, sluice gates, hatcheries, electricity
poles and cage materials, resulting in loss of stock and dam-
age to equipment and facilities. Damage to farm infrastruc-
ture can also cause saline water intrusion in the culture pond
(FAO 2008). The financial impacts of cyclonic storms on
aquaculture may be severe because coastal aquaculture spe-
cies are often of high value. Climate change can also increase
physiological stress on cultured stock. This would reduce
productivity and increase vulnerability to diseases and conse-
quently impose higher risks and reduce returns to farmers.

Bangladesh, a very low-lying country with a substantial
aquaculture industry, typically experiences storm surges
between 3 and 6 m, with theoretical predictions up to 7.5
m (Salam and Beveridge 2003). Future predictions for
Bangladesh, in association with increased sea surface tem-
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Fig. 1. Geographical location of the study area.

perature of 2 °C and 4 °C, suggest maximum storm surge
heights of 9.2 and 11.3 m, depending on the extent of sea
level rise (Ali 1996). Annual total rainfall over Bangladesh
is predicted to increase 296 mm by 2050 and 543 mm by
2100 (Karmakar and Shrestha 2000). Singh et al (2000)
showed that mean tidal level at Hiron Point (21° 48'N, 89°
28'E), Hatyia (22°08' N, 91°06' E) and Cox’s Bazar (21° 2¢/
N, 91° 59E) increased 4.0, 6.0 and 7.8 mm/year, respec-
tively. Torrential rainfall leads to flooding and paralyzes
the affected area, inundating houses, displacing and kill-
ing people, destroying infrastructure, and damaging crops,
causing massive economic loss.

A study was conducted in the Feni-Noakhali area, which
is a centrally exposed part of coastal Bangladesh. The geo-
graphical location and geomorphological conditions of this
region have made it one of the most vulnerable areas in the
world to natural disasters (Fig. 1). The objectives of the
study were to measure the area in aquaculture, measure the
spatial distribution of mangrove forest, identify the causes
and impacts of climate change on coastal aquaculture, and
analyze the role of mangrove forests in mitigating climate
change vulnerability.



Th ion is a flat, low-lying delt . .
© reglon is & Hat, [oW-yime feta, Table 1.  Significance ratings and weights of the relevant criteria in con-
mostly comprising the floodplain of . .
. . nection to perceived value of mangrove forest.
three large and converging rivers. The
Big Feni River flows on the southeast Parameter Ranking ~ Temporary weight  Final weight
and the Meghna River flows on the
western side of the study area. The W,
study area was divided into three zones House building materials 1.4 0.571 0.106
under three thana (sub-districts) on the Fuel wood 1.0 0.800 0.148
basis of a road network and availability Grazing land 1.2 0.667 0.123
of water sources, khas land (i.e., gov- Foot bridge 10 0.800 0148
ernment-owned accreted coastal land), o
Fishing pole 1.5 0.533 0.099
aquaculture farms, mangrove forest, _
cyclone-affected area, embankment, Fencing 1.5 0.533 0.099
culture species, and fry sources. Furniture 0.8 1.000 0.185
Cyclone protector 1.6 0.500 0.093
Aquaculture in the Study Area Sum 5405
The area in aquaculture ponds was
assessed using GIS. The topographic Table 2.  Total fishery production from aquaculture and contribution in lo-
map published by the survey of Ban- cal demand at the study area.
gladesh in 1999 at a scale of 1:10,000
and the 2006 topographic map of Production Noakhali Sadar Companigonj Sonagazi
Noler Char and Char L'angulla were Fish (mt) 7997 2610 3480
used to develop thematic maps. The Indi o e
base map with the union boundary of n .|an EETR )
Noakhali Sadar, Com panigonj and Chinese carp (%) 25
Sonagazi thana were demarcated us- Tilapia (%) 20
ing ArcView GIS software. Thematic Pangus (%) 10
maps were marked as union bound- Other (%) 5
aries, water areas, road network, em- Prawn (mt) 033 41 1020
bankments, and land use. Advanced i
. Total production (mt) 8160 2651 4500
Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) im- Total fish demand (mt) 13177 3851 9420

agery of the study area acquired in
2007 was used to identify geographi-
cal features. The image processing software for the anal-
ysis was ENVI. ArcView software was used to digitize
all classified and other necessary maps.

Aquaculture activities were identified in 1694 ha of the
study area (Fig. 2), similar to previous observations (Sha-
hid et al. 1992, Venkataratnam et al. 1997).Water bodies
that support aquaculture production, such as rivers, ca-
nals, and tributaries of the study area are shown in Fig-
ure 3. Greater aquaculture production from every water
body type (such as pond, gheer, khal, and waterlogged
arcas) came from Noakhali Sadar region than from the
two other zones in the study (Table 2).

Aquaculture has increased rapidly since 1990 in the
Feni-Noakhali coastal region as a result of government
khas land leasing. Availability of land and water resourc-
es—such as rivers, canals, and tributaries—make this area
suitable for aquaculture. There are also various value
chain facilities, including fry sources, hatchery, labor, and
market, that are located in this zone to support aquacul-
ture development. The large areas of intertidal land in
Bangladesh are especially suitable for prawn production
(Fleming 2003) and growth in the industry is being en-
couraged through a number of aid programs and govern-
ment initiatives. Carp species, native and exotic, represent

- Aquaculture
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Fig. 2. Aquaculture areas of the Feni-Noakhali coastal region.
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a large portion of total production, although tilapia,
snakeheads, Clarias and Pangasius catfish, and small in-
digenous species are also cultured. Extensive and semi-in-
tensive culture systems are used. Bangladesh is undergoing
a gradual intensification of aquaculture but, while more
sophisticated techniques are being employed, production
per unit area is similar to that of many Asian countries
(Salam 2000).

Mangrove Forest

There are 3,455 ha of mangrove forest in the Feni-
Noakahali coastal area. Most of the mangrove forest in
the study area is in Noakhali Sadar zone and the least
is in Companigonj zone (Fig. 4). A similar estimate of
the extent of mangrove forest was made by Syed et al.
(2001). Local people provided reasons for what is seen as
a degraded mangrove forest. Sixty percent of respondents
indicated that timber banditry was the responsible fac-
tor for mangrove destruction. Criminals form gangs and
become timber bandits later. They either sold forest re-
sources or burned them to damage the land. Afterwards,
forest lands were sold and handed over to others. The
cycle of transferring land from one owner to another was
the main source of their income. This was identified as
the most severe problem by most of the respondents of
the study area.

River erosion is a common phenomenon in coastal
arcas. Many people become landless because of river
erosion. These people encroach on comparatively raised
forest land with the help of bandits. During field visits,
respondents identified the lack of guidelines as a cause of
mangrove forest destruction.

Local community respondents reported forest resourc-
es were destroyed because of the lack of proper action
taken by law enforcement agencies from 1997 to 2000. The
Forest Department filed cases to the court against forest
offences, but these cases were not decided which encour-
aged further forest offences. Different stakeholders, such
as rickshaw pullers and agricultural farmers, complain
that corrupt forest officials and staff at the territory level
were responsible for forest resource destruction.

Fifty-eight percent responded that the fuel wood cri-
sis was a serious problem causing mangrove destruction
and 60 percent responded that they use mangrove as fuel
wood. A similar observation was made by Sajjaduzzaman
et al. (2005).

Stakeholder perceptions of climate change

Perceptions regarding climate change and effects
on aquaculture, causes of forest encroachment, conse-
quences, and suggestive measures were collected from five
groups of respondents: land-owning aquaculture farmer,
integrated agriculture-aquaculture farmer, landless aqua-
culture farmer, fisher, and other. Forty respondents from
three zones were selected by stratified random sampling.
Eight stations were selected randomly from each zone for
a social survey to investigate the root causes of deforesta-
tion and encroachment of mangrove forest areas, aqua-



Table 3.  Individual quality rating (g) on the basis of measured and optimum values for the selected respondents
group.
Criteria Landless aqua farmer Agri cum aqua Land Fish catcher Others
farmers owning aqua farmer
Measured Individual Measured Individual Measured Individual Measured Individual Measured Individual
value quality value quality value quality value quality value quality
House building 5 89.3 4 71.4 & 53.6 8 53.6 10 178.6
materials
Fuel wood 10 250.0 5 125.0 4 100.0 6 150.0 5 125.0
Grazing land 8 166.7 3 62.5 2 41.7 5 104.2 3 62.5
Foot Bridge 2 50.0 1 25.0 3 75.0 2 50.0 4 100.0
Fishing Pole 4 66.7 2 &8.8 5 83.3 6 100.0 2 &3
Fencing 4 66.7 4 66.7 2 33.3 4 66.7 1 16.7
Furniture 3 93.8 1 31.3 1 3il:3 3 93.8 8 250.0
Cyclone 7 109.4 5 78.1 4 62.5 5 78.1 6 93.8
protector
Table 4.  Adaptation index (W, q) of selected respondent groups.
Parameter Landless Agri cum aqua Land-owning Fish Catcher Others
aquafarmer farmers

House building materials 9.4 7.6 5.7 5.7 18.9
Fuel wood 37.0 18.5 14.8 22.2 18.5
Grazing land 20.6 7.7 5.1 12.8 7.7
Foot bridge 7.4 3.7 11.1 7.4 14.8
Fishing pole 6.6 3.3 8.2 9.9 3.3
Fencing 6.6 6.6 &S 6.6 1.6
Furniture 17.3 5.8 5.8 17.3 46.3
Cyclone protector 10.1 7.2 5.8 7.2 8.7
> Wi.qi 115.0 60.3 59.8 89.1 119.8
Score card 2 4 5 3 1

culture status and area, climatic hazards, and options for
mitigation. Information was collected with a structured
questionnaire, formal and informal interviews, and field
observations. Moreover, group meetings with landless
people and encroachers (squatters) were conducted in
each area to assess their views and perceptions.

For the public at large, the most important concerns
about the effects of climate change were cyclones (cited by
75 percent of respondents), irregular rainfall (55 percent),
and tidal height change (50 percent) (Fig. 5). Aquaculture
farmers cited various concerns about the consequences of
climate change on their farms. These included dike ero-
sion (60 percent of respondents), infrastructure damage
(50 percent), and economic losses (45 percent).

An applied approach to understand the adaptation in-
dex by considering all criteria relevant to climate change
allotted a ranking value of ten. Temporary weights were

obtained by dividing the highest rating by each individual
mean rating. Each temporary weight was then divided by
the sum of all the temporary weights to arrive at the fi-
nal weight of each parameter (Table 1). The sum of the
product of each final weight (w) and quality rating (q,)
for each parameter was used to provide a quantitative ad-
aptation index.

Individual quality ratings presented in Table 3 reflect
the congenial environment in almost all the criteria as-
sessed among the five groups of respondents. Variation of
individual quality ratings has influenced the adaptation
index (Table 4) of the selected respondents group. Score
cards of the adaptation index, prepared on the basis of
the adaptation index, indicates the order of adaptation
in the sequence of others> landless aquaculture farmer>
fish catcher> agriculture-aquaculture farmer> land own-
ing aquaculture farmer.
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Fig. 5. Perceived importance of various impacts of climate
change on aquaculture (n=40 respondents).

Mangroves are Essential for Adaptation to Climate
Change

Mangroves have tremendous ecological and social val-
ue. The mangrove ecosystem provides income from the
collection of mollusks, crustaceans and fish that live there.
Mangroves are harvested for fuelwood, charcoal, timber,
and wood chips. Ecological services include the role of
mangroves as nurseries for economically important fisher-
ies, especially for shrimp. Mangroves also provide habitats
for a large number of mollusks, crustaceans, birds, insects,
monkeys and reptiles (Wells et al. 20006).

Mangrove forests play at least two critical but contrast-
ing roles in mitigating the effects of climate change; one
is as a sink for greenhouse gases, especially carbon diox-
ide, and the other is as a physical buffer of climate change
impacts. Mangroves play a major role in moderating the
physical challenges of climate change, such as increasing
frequency of storms, changing rainfall patterns, rising sea-
levels and rising sea surface temperatures. Mangrove veg-
etation can slow down the runoff of floods and invasion of
seawater without the need for similar and expensive engi-
neered infrastructure (Bartlett ez al. 1993).

The area is subject to high tidal variation, monsoon
flooding and tropical cyclones, the larger of which tend to
damage infrastructure and cause extreme loss of life. Three
cyclones (1970, 1974, and 1991) had storm surge heights of
at least 8 m. As a consequence, about 500,000 people lost
their lives (Islam 2002). Mangroves save lives and property
in the coastal area. For example, 10,117 ha of mangrove
forest in Chakaria was converted completely into shrimp
farms in ten years (1985-1995). In the 1970s this area was
covered with mangrove forest and people were protected
from storm surge. After conversion to shrimp ponds, the
absence of mangrove forests in the area could not ad-
equately buffer storm surge, resulting in deaths following
cyclones in 1991 and 1994.

Climate change impacts such as floods, cyclonic storms,
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erosion, and the length or irregularity of the dry season,
and thus water supply for relatively quick draining soils
will be important factors when considering potential aqua-
culture development in these areas. Adaptation of aquacul-
ture to climate change in Bangladesh will vary depending
on the stakeholders involved, their level of financial capi-
tal, location and the type and scale of aquaculture taking
place. Appropriate policy making, species diversification,
improved culture practices, and mangrove planting should
be promoted in the changing environment.

Notes

IInstitute of Marines Sciences and Fisheries, University of Chit-
tagong, Chittagong-4331, Bangladesh. *E-mail: mrahman-
ims19@yahoo.com
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Roy PALMER' AND GRAHAM MAIR?

Melbourne is the capital city
of the Australian state of Vic-
toria, where arguably aquacul-
ture was first practiced in the
country. Melbourne is playing
host to the next Australasian
Aquaculture Conference and
International Trade Show, tak-
ing place May 1-4, 2012. The
theme of the conference and
the whole week’s activities is
“The Next Ten Years.”

Before we look forward, let
us look back. In southwestern
Victoria, specifically at the Budj
Bim National Heritage Land-
scape at Lake Condah, there is
evidence of a large, settled ab-
original community (Gunditj-
mara) from thousands of years
ago, systematically farming eels
for food and trade. This activity
is considered to be Australia’s
and possibly the region’s earliest
and largest aquaculture venture.
This complex enterprise took
place in a rugged landscape
carved out by natural forces and full of meaning to the peo-
ple living there. They built stone dams to hold water, creat-
ing ponds and wetlands where they grew southern shortfin
eel (Anguilla australis) and other fish. They also created chan-
nels linking wetlands that contained weirs with large woven
baskets to harvest mature eels. The trees close by were hol-
lowed out and used as smoking ‘ovens’ to cook the eels. The
modified and engineered wetlands and eel traps provided an
economic basis for the development of a settled society with
villages. With European settlement in the area in the 1830s
came conflict. When this conflict came to an end in the 1860s,
many aboriginal people were displaced. However, land was
eventually returned to the people of Gunditjmara in 1987.

Nowadays aquaculture in the area is managed under the
Fisheries Act (Victoria) 1995. The Act provides for the man-
agement, development and promotion of an ecologically sus-
tainable and viable aquaculture industry. Over the years there
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have been major efforts to sup-
portaquaculture development,
with both government and in-
dustry investing in a range of
projects. The production value
(farm gate) of Victoria’s aqua-
culture sector increased by
60 