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stands, therefore, as the leading contender
to supply the added food demand and
become the next frontier for human-
kind’s food.

Is Standard Mariculture
the Solution?

World aquaculture on land or at sea (in
all water types) has been approaching par-
ity with capture fisheries; more than 38
percent of the entire global seafood market
was supplied by aquaculture in 2004.3
Some in the industry plan to significantly
increase the production of marine finfish
using the “Blue Revolution” approach:
modern industrialized mariculture that
works with finfish in sea cages and shrimp
in coastal ponds.*

The question is, can industrialized inten-
sive fishmeal-fed monocultures of fish
and shrimp match the rising demand? The
answer appears to be “probably not”; they
are ecologically imbalanced and therefore
ultimately unsustainable. The overall prof-
itability of such technologies is debatable.
Arguably, to a large extent the industry’s
avoidance of the financial responsibil-
ity for negative environmental and social
impacts has allowed for the expansion of
Blue Revolution mariculture of high value
finfish such as salmon and Mediterra-
nean fish (mainly seabream and European
sea bass).’

A great deal of research and media
accounts have implicated modern maricul-
ture for negative environmental impacts
(such as pollution of the bottom below
finfish seacages and coastal eutrophica-
tion) and social impacts (such as pricing
“low value fish” above the means of the
poor by converting them to fishmeal for
“high value” finfish diets).® Interestingly,
however, a blanket ecological criticism of
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the industry is not supported by the Food
and Agriculture Organization’s (FAO) pro-
duction data: nearly 90 percent of the
world mariculture production consists of
environmentally friendly algae and mol-
lusks (see Figure 1 below).” Nevertheless,
intensive carnivore finfish monoculture,
which constitutes less than 9 percent of the
world’s total mariculture production, has
remained at the center of policymakers’
attention and planning. Indeed, according
to the 2006 FAO State of World Fisheries
and Aquaculture report summary, “intensi-
fication may sustain profitability of farm-
ing operations.”®

Various approaches have been suggested
toameliorate Blue Revolution deficiencies.’
Countries (such as the United States, Thai-
land, the Philippines, and Australia), firms
in the industry (such as Nutreco), intergov-
ernmental organizations (such as FAO),

and nongovernmental organizations (such
as the Federation of European Aquaculture
Producers),'? have acknowledged the prob-
lems and have reacted with proposals for
essential improvements—mainly in feed
composition, farm management, species
diversification, and farm location,'! as well
as stringent regulations and codes of con-
duct.'? However, although these measures
are useful, they do not sufficiently recog-
nize that the “carnivores only” approach to
mariculture is ecologically imbalanced and
thus inherently unsustainable. Therefore,
such measures only serve to delay the point
in time when the cumulative consequences
of the ecological imbalance of carnivorous
fish monoculture become apparent—that
is, when Blue Revolution mono-maricul-
ture becomes impractical and possibly
unprofitable due to high costs of feed and
energy, environmental degradation, costly

Figure 1. Mariculture production statistics for 2004
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SOURCE: Food and Agriculture Organization of the United Nations, 2006.
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environmental monitoring and mitigation,
and social disruption of displaced fishers
and subsistence fish consumers.!? The sea-
food markets and the mariculture industry
cannot practically expand finfish farm-
ing using limited resources like fishmeal
or even soy meal. To stay in business,
the Blue Revolution mariculture indus-
try must look to agricultural models—on
the one hand managing its waste and on
the other hand producing its own plants,
mainly seaweeds. The sustained expansion
of intensive seafood production inescap-
ably requires “trophic diversification”—an
ecologically balanced, combined culture
of organisms of high trophic levels (car-
nivores) with “service crops” from lower
trophic levels (mainly seaweeds and filter
feeders) to perform these tasks while add-
ing income. Moreover, cultivating crops
in the sea can help conserve freshwater
reserves used to irrigate terrestrial crops.

Trophically Balanced
Integrated Mariculture

An example of ecological diversifica-
tion of aquaculture operations is known
as polyculture. This traditional and envi-
ronmentally benign approach has for
centuries supplied much of the world’s
freshwater fish and prawn markets,
particularly in Southeast Asia.'* Asian
marine polyculture in coastal waters also
uses wastes from cage fish farms to boost
neighboring raft and long-line cultures of
filter-feeding bivalves and nutrient-scrub-
bing seaweeds. '

Similar principles characterize the mod-
ern offspring of traditional polyculture:
intensive culture of fish or shrimp inte-
grated with algae and shellfish (recently
described as integrated multi-trophic
aquaculture (IMTA)).'¢ In IMTA farms,
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extractive crops (seaweeds and shellfish)
extract their nutrition from the effluents
of fed crops (fish or shrimp). The best of
such farms—whether intensive or exten-
sive and whether in coastal waters, ponds,
or tanks—balance waste production and
extraction and become environmentally
benign mini-biospheres.!” The introduc-
tion of a nutrient emission tax or its
exemption through the implementation of
biomitigative practices would make the
economic validity of the IMTA approach
even more obvious. Moreover, by adopt-

ing the IMTA approach, the mariculture
industry would increase its social accept-
ability. Although it is very difficult to
assign a monetary value to such a sociopo-
litical variable, gaining public acceptance
is imperative for the development of the
industry’s full potential. Also, reducing
environmental and economic risk in the
long term should make financing easier
to obtain (the box below describes how
nutrient taxes and biomitigation incentives
and credits can facilitate the development
of IMTA farms).

THE ECONOMIC VALUE OF INTEGRATED
MULTI-TROPHIC AQUACULTURE SERVICES

Present mariculture business mod-

els do not consider or recognize the
economic value of the biomitigation
services provided by biofilters, as there
is no cost associated with mariculture
discharges or effluents in most open
seawater-based systems. Regulatory
and financial incentives may therefore
be required to clearly recognize the
benefits of the extractive components
of integrated multi-trophic aquaculture
(IMTA) systems (shellfish and sea-
weeds). A better overall cost-benefit
estimate (in terms of costs and ben-
efits to nature as well as society) for
mariculture waste and its mitigation
would create powerful financial and
regulatory incentives for governments
and the industry to jointly invest in
the IMTA approach. For example,
Denmark, after the initial development
of finfish mariculture in the 1970s

and 1980s, is now reconsidering more
finfish mariculture development—with
the conditions that proper planning for
biomitigation and the use of biofilters
such as seaweeds and shellfish must
be carried out. This means that extrac-
tive species have now become part of
the license to operate in Denmark and

that the nutrient reduction services pro-
vided by these organisms have finally
been recognized and valued for their
ecosystem functions. These services
need to be quantified; for example,

in Denmark, the cost of remediating
one kilogram of nitrogen is estimated
at €33 (about US$44)." If laws or
regulations were implemented to have
mariculture operations responsibly
internalize their environmental costs,

a significant reduction of their profit-
ability would occur. A study in Chile
showed that by integrating the culture
of the algal nutrient biofilter Gracilar-
ia, the costs of waste discharges would
be significantly reduced and profitabil-
ity significantly increased.

1. S. Holdt, E. Moehlenberg, and K. I. Dahl-
Madsen, “Polyculture in Denmark: Status, Feasi-
bility and Future,” paper presented at the World
Aquaculture Society conference, Florence, Italy,
9-13 May 2006.

2. T. Chopin et al., “Integrating Seaweeds
into Marine Aquaculture Systems: A Key Toward
Sustainability,” Journal of Phycology 37, no. 6
(2001): 975-86; and A. H. Buschmann, M. Tro-
ell, and N. Kautsky, “Integrated Algal Farming: A
Review,” Cahiers de Biologie Marine 42, no. 1-2
(2001): 83-90.
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The Global Significance
of Extractive Crops

In principle, IMTA farms maintain a
balance between the extraction of nutri-
ents from the water by extractive organ-
isms and the waste production by diet-fed
organisms. But is the large-scale culture
of extractive crops practical? Can such a
system make a global impact? Seaweeds

nitrogen discharges of global fish and
shrimp mariculture.'® The 65 million tons
of seaweed and shellfish mariculture pro-
duction forecast by FAO'" for 2050 can
remove from the sea, as useful proteins,
perhaps 500,000 tons of nitrogen. This
would be equal to the nitrogen waste from
about 14 million tons of cage-cultured
salmon.?’ Thus, from the environmental
pollution perspective, carnivorous finfish

Extractive aquaculture of shellfish (as above in Ago Bay, Japan) and seaweeds
represents 88.9 percent of mariculture production. Properly positioned extractive
farms can create mutually beneficial, balanced ecosystems with nearby fed aquaculture
fish farms.

and shellfish (26.8 million tons per year;
see Figure 1) in 2004 contributed 88.9
percent of total mariculture production.
Globally (although often geographically
separated), harvested seaweeds and shell-
fish remove from the sea in their valu-
able biomass 165,000-220,000 tons of
nitrogen per year, as much as the entire
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production can be significantly increased
when balanced with extractive farms.
The key point is that fed and extractive
aquacultures need to be geographically
coupled, which at present is often not the
case. For instance, the large Chilean mari-
culture industries of mussels and salmon
have not considered siting their respective
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farms in proximity to utilize the mutual
ecological benefits.

A Call for a Shift
in the Seafood Market

Shifting from fishing to cultivating
inevitably entails a radical adjustment
in the patterns of seafood consumption,
away from the present domination of car-
nivorous fish and in favor of a trophically
and ecologically balanced “portfolio” with
more seaweeds, mollusks, herbivorous
finfish, and omnivorous organisms (such
as grey mullet, sea cucumber, and some
crustaceans). This would be analogous
to the adjustment from the hunted meat
diets of hunter-gatherer societies toward
plant-dominated agriculture?! (worldwide
agriculture produces 80 percent of plants
and 20 percent of animal products such as
meat, milk, and eggs).

In addition to being promising sources
of high-value biochemicals (such as anti-
biotics, cosmetics, and nutritional addi-
tives??), phycocolloids (agar, carrageen-
ans, and alginates), and nutritious food
for other cultivated marine animals (such
as abalone??), seaweeds and shellfish also
serve as popular and healthy foods, par-
ticularly in Southeast Asia.* Both are
sources of healthy marine omega-3 fatty
acids.” With further research and devel-
opment and strain breeding, many new
uses could be found for seaweeds, and
they could even replace much of the fish-
meal employed to supply carnivorous fish
diets with balanced proteins and oils.?®

Do We Have the Technology?

IMTA is not only logical but also quite
practical. The basic scientific and tech-
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nological problems in modern integrated
mariculture have been identified, and many
of them are being resolved.”’ Effluents
from land-based and open-water maricul-
ture operations are suitable for extractive
crops. The main factors that can determine
culture design and functioning in com-
mercial IMTA farms are being defined

stood sufficiently enough for the results
to be extrapolated to larger-scale cultures.
Research and development of commercial
farms on land has been most successful in
this respect, and work is under way with
open cultures, particularly at large com-
mercial scales,”® addressing the biology,
engineering, operational protocol, product

At the Haga Haga Farm, 70 kilometers from East London on South Africa’s southeast
coast, effluent from covered tanks containing the mollusk abalone (Haliotis midae) (left)
flows into shallow seaweed (Ulva lactuca, U. rigida, and U. fasciata) raceways, serving

as source water.

and quantified. Seaweeds and bivalves
have significant capacity to reduce nutri-
ent concentrations in effluents, converting
in the process large quantities of nutri-
ents into useful biomass and improving
additional water quality parameters. The
functioning of IMTA systems is under-
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quality and safety, and socioeconomics
of the technology. Additional factors that
may limit the growth and various aspects
of the quality, temporal variations, and
economics of extractive crops are cur-
rently under study, especially for closed
recirculating IMTA systems.?
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Commercial seaweed-abalone or micro-
algae-shellfish pond farms currently oper-
ate, some fed by fish waste, in Australia,
China, Israel, South Africa, and Thailand,
while fish-shellfish-seaweed coastal farms
operate in China, Chile, and Canada.

The available information about
large-scale IMTA farms—particularly
with respect to engineering, interactions
between farmed organisms, and interac-
tions between these organisms and the nat-
ural flora and fauna—should be increased
and verified under a larger variety of cli-
mates and water conditions. As mentioned
above, the practicality of using seaweeds
as the source of proteins and oils in veg-
etarian diets for marine carnivorous finfish
is an additional area that needs extensive
research and development.

If we accept that, according to FAO, a
doubling of capture fisheries and global
aquaculture production will be necessary
in the next few decades to satisfy the
growing human demand (approximately
100 million tons of additional production),
it can be calculated that 1 million hectares
of IMTA pond farms—stocked with the
seaweed sea lettuce (Ulva lactuca), the
mollusk Manila clam (Tapes philippi-
narum), and the fish gilthead seabream
(Sparus aurata) with an annual yield of
100 metric tons per hectare at a 1:2:1 live
weight yield ratio®>—would be enough
to address this demand. It should be rec-
ognized that this is only an example and
that world aquaculture production will
not be based only on these three species
cultivated in ponds in temperate warm
regions; society demands diversifica-
tion in aquatic products (including those
from seawater, brackish, and freshwater
environments) and the development of
aquaculture in different climatic regions.
However, these calculations demonstrate
that, with present technology, IMTA is a
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valid sustainable solution if aquaculture
practitioners and society decide to move
toward ecologically balanced practices.

Implications
for Policymakers

The logic of ecologically balanced
mariculture has been gaining a consensus
position in recent major books and at
aquaculture conferences.3! Well thought-
out governmental and UN policies based
on sound ecological principles are now
necessary to usher the seafood markets
in their unavoidable adjustments toward
an ecological balance. The crossroads at
which the seafood market may soon find
itself calls for a major paradigm shift in
the minds of policymakers, scientists, and
industry leaders, as well as for the educa-
tion of consumers to promote awareness
and attitudes toward the new paradigm in
seafood production. Capital is required to
fund research, development, and incentives
for all facets involved with seafood, includ-
ing production, processing, trade, market-
ing, and consumption. Simple regulations
could be led by tax incentives, “polluter
pays” fees and specific mariculture nutrient
biofiltration credits. Such measures would
reduce economic and social hardships that
may develop as the seafood supply evolves
from fishing to farming.

We need to progress from the limited
perspective of ultimately unsustainable
fish and shrimp monocultures to a bal-
anced ecosystem approach that respects
the environment and includes seaweeds
and shellfish as healthy and valuable
products of each fish and shrimp farm.
Perhaps only then can the world prepare
itself for moving the seafood market out
of its Stone Age state and into the twenty-
first century.

42 ENVIRONMENT

Amir Neori is a senior researcher at the Israel Oceano-
graphic and Limnological Research Ltd., National Cen-
ter for Mariculture in Eilat. His work involves the culture
of marine algae and development of sustainable aqua-
culture. He may be contacted via e-mail at neori @ocean
.org.il. Max Troell is an associate professor at the
Beijer International Institute of Ecological Economics,
The Royal Academy of Science, Stockholm, Sweden.
Troell studies environmental problems associated with
aquaculture and the development of integrated cultiva-
tion techniques as well as the ecological and socioeco-
nomic evaluation of ecosystem goods and services from
coastal systems. Thierry Chopin is a professor of marine
biology at the University of New Brunswick in Saint
John, Canada. He is past president of the Phycological
Society of America and of the Aquaculture Association
of Canada and is the incoming President of the Interna-
tional Seaweed Association. Chopin’s research interests
involve the physiology and biochemistry of seaweeds
of commercial value and their integration in IMTA
systems. Charles Yarish is a professor of biology in the
Department of Ecology and Evolutionary Biology at the
University of Connecticut in Stamford and is past presi-
dent of the Phycological Society of America. Yarish’s
research involves seaweed ecology and physiology in
natural ecosystems and aquaculture. Alan Critchley is the
vice president of research at Acadian Seaplants Limited
in Dartmouth, Canada; his present work involves the use
of harvested seaweed raw materials for the production of
extracts for plant growth, specialized animal feeds, and
large-scale, intensive on-land cultivation of seaweeds
for the Japanese human food market. Alejandro H. Bus-
chmann is a professor and head of the I'MAR Research
Center at the Universidad de Los Lagos, Chile; he stud-
ies ecology and cultivation of marine algae, IMTA, and
sustainable coastal management. The authors thank G.
Wilson and J. van der Meer for very useful comments.

NOTES

1. Food and Agricultural Organization of the United
Nations (FAO) Fisheries Department, State of World
Aquaculture 2006, FAO Fisheries Technical Paper No.
500 (Rome: FAO, 2006), 134, http://www.fao.org/
docrep/009/a0874¢/a0874e00.htm.

2. Ibid.; B. Holmes, “Blue Revolutionaries,” New
Scientist, 7 December 1996, 32-36; and C. L. Delgado,
M. W. Rosegrant, S. Meijer, N. Wada, and M. Ahmed,
“Fish as Food: Projections to 2020,” paper presented
at The Biennial Meeting of International Institute for
Fisheries Economics and Trade (IIFET), 19-23 August
2002, Wellington, New Zealand, http://www.fishforall
.org/media/release/fish2020.pdf (accessed 6 February
2007).

3. FAO, note 1 above.

4. FAO, note 1 above; and K. White, B. O’Neill, and
Z. Tzankova, At a Crossroads: Will Aquaculture Fulfill
the Promise of the Blue Revolution? (Silver Spring,
MD: SeaWeb, 2004), http://www.seaweb.org/resources/
documents/reports_crossroads.pdf (accessed 6 February
2007). Industry, multilateral development banks, and UN
agencies usually proclaim the “Blue Revolution”—refer-
ring to the monoculture of high-value species (mollusks,
crustaceans, marine fish, and salmon)—to supply inter-
national markets. See A-R. Martinez, “Engineering the

Blue Revolution,” Samudra: Triannual Report of ICSF,
May 1998, 45-55.

5. R. L. Naylor et al., “Effect of Aquaculture on
World Fish Supplies,” Nature 405, no. 6790 (29 June
2000): 1017-24.

6. Ibid.; Delgado, Rosegrant, Meijer, Wada, and
Ahmed, note 2 above; White, O’Neill, and Tzankova,
note 4 above; R. L. Naylor et al., “Nature’s Subsidies to
Shrimp and Salmon Farming,” Science 282, no. 5390 (30
October 1998): 883-84; and J. Marra, “When Will We
Tame the Oceans?” Nature 436, no. 7048 (14 July 2005):
175-76.

7. FAO, note 1 above. On the relative environmen-
tally friendliness of algae and mollusk production, see B.
A. Costa-Pierce, ed., Ecological Aquaculture: The Evo-
lution of the Blue Revolution (Oxford, UK: Blackwell
Science, 2002). Seaweeds, herbivorous and omnivorous
fish, usually grown in extensive aquaculture, as well as
bivalve mollusks, do not compete with other uses of the
aquatic environment but rather complement them by
helping to close nutrient cycles. For example, in many
countries, particularly in Asia, farmers have developed
freshwater polyculture systems in which farm and house-
hold waste added to fish ponds encourage (for example)
the growth of bacteria, microalgae, zooplankton, and
aquatic grasses—on which several fish species with the
appropriate feeding habits feed. See Martinez, note 4
above; and P. Edwards, “Traditional Chinese Aquacul-
ture and Its Impact Outside China,” World Aquaculture
35, no. 1 (2004): 24-27.

8. FAO, note 1 above.

9. FAO, note 1 above; White, O’Neill, and Tzanko-
va, note 4 above; Martinez, note 4 above; M. B. New,
“Responsible Aquaculture: Is This a Special Challenge
for Developing Countries?” World Aquaculture 34, no.
3 (2003): 26-68; P. Aldhous, “Fish Farms Still Rav-
age the Sea,” Nature News Service, 17 February 2004,
http://www.bioedonline.org/news/news.cfm?art=781; D.
Pauly et al., “Towards Sustainability in World Fisheries,”
Nature 418, no. 6898 (8 August 2002): 689-95; J. H.
Tidwell and G. L. Allan, “Fish as Food: Aquaculture’s
Contribution,” European Molecular Biology Organiza-
tion Reports 2, no. 11 (2001): 958-63; and S. M. Moss,
S. M. Arce, B. J. Argue, C. A. Otoshi, E. R. O. Calde-
ron, A. G. J. Tacon, “Greening of the Blue Revolution:
Efforts toward Environmentally Responsible Shrimp
Culture,” in C. L. Browdy and D. E. Jory, eds., The New
Wave, Proceedings of the Special Session on Sustainable
Shrimp Culture, Aquaculture 2001 (Baton Rouge, LA:
The World Aquaculture Society, 2001), 1-19.

10. New, ibid; and U.S. Commission on Ocean Policy,
An Ocean Blueprint for the 21st Century: Final Report
of the U.S. Commission on Ocean Policy (Washington,
DC, 2004), http://oceancommission.gov/ (accessed 6
February 6, 2007), chapter 22. For a review of this report,
see S. J. Hall, “U.S. Ocean Polcy: A Blueprint for the
Future,” Environment 47, no. 2 (March 2005): 41-43.

11. K. Powell, “Eat Your Veg,” Nature 426, no. 6965
(27 November 2003): 378-79; and E. Querna, “Fixing
Fish Farms,” U.S. News & World Report, 16 August
2004, 62.

12. FAO, note 1 above; C. E. Boyd and J. W. Clay,
“Shrimp Aquaculture and the Environment,” Scien-
tific American, June 1998, 42-49; P. Read and T.
Fernandes, “Management of Environmental Impacts of

VOLUME 49 NUMBER 3



Marine Aquaculture in Europe,” Aquaculture 226, no.
1-4 (2003): 139-63; A. G. J. Tacon and I. P. Forster,
“Aquafeeds and the Environment: Policy Implications,”
Aquaculture 226, no. 1-4 (2003): 181-89; and T. Sterner
et al., “Quick Fixes for the Environment: Part of the
Solution or Part of the Problem?” Environment 48, no.
10 (December 2006): 20-27.

13. “The Promise of a Blue Revolution—Fish Farm-
ing,” The Economist, 9 August 2003, 20-23.

14. Edwards, note 7 above.

15. M. V. Rawson Jr. et al., “Understanding the Inter-
action of Extractive and Fed Aquaculture Using Eco-
system Modeling,” in R. R. Stickney and J. P. McVey,
eds., Responsible Marine Aquaculture (Wallingford,
UK: CAB International Publishing, 2002); and X. Fei,
“Solving the Coastal Eutrophication Problem by Large
Scale Seaweed Cultivation,” Hydrobiologia 512, no.
1-3 (2004): 145-51. Rafts are buoyant structures that
can be several dozen meters on each side. Hundreds of
ropes that are several meters long hang down vertically
from the raft, and bivalves attached to the ropes grow by
filtering organic particles from the passing seawater. In
longline aquaculture (called by some “raft and longline
method”), horizontal ropes, kept afloat with buoys and
anchored to poles at both ends, serve as the substrate
for vertical mussel ropes or for seaweed culture. The
seaweeds grow by filtering dissolved inorganic nutrients
from the passing seawater using sunlight.

16. J. H. Ryther et al., “Physical Models of Integrated
Waste Recycling—Marine Polyculture Systems,” Aqua-
culture 5, no. 2 (1975): 163-77; T. Chopin et al., “Inte-
grating Seaweeds into Marine Aquaculture Systems: A
Key Toward Sustainability,” Journal of Phycology 37,
no. 6 (2001): 975-86; and A. Neori et al., “Integrated
Aquaculture: Rationale, Evolution and State of the Art
Emphasizing Seaweed Biofiltration in Modern Maricul-
ture,” Aquaculture 231, no. 1-4 (2004): 361-91.

17. M. Shpigel, A. Neori, D. M. Popper, and H.

Gordin, “A Proposed Model for ‘Environmentally Clean’
Land-Based Culture of Fish, Bivalves and Seaweeds,”
Aquaculture 117, no. 1-2 (1993): 115-28.

18. M. Troell et al., “Integrated Mariculture: Asking
the Right Questions,” Aquaculture 226, no. 1-4 (2003):
69-90; and S. E. Shumway et al., “Shellfish Aquacul-
ture: In Praise of Sustainable Economies and Environ-
ments,” World Aquaculture 34, no. 4 (2003): 15-18.

19. M. Pedini and Z. H. Shehadeh, Review of the
State of World Aquaculture, FAO Fisheries Circular No.
886, Rev.1. (Rome: FAO, 1997).

20. Chopin et al., note 16 above.

21. J. Diamond, “Evolution, Consequences and
Future of Plant and Animal Domestication,” Nature 418,
no. 6898 (8 August 2002): 700-7.

22. P. Bhadury and P. C. Wright, “Exploitation of
Marine Algae: Biogenic Compounds for Potential Anti-
fouling Applications,” Planta 219, no. 4 (2004): 561-78;
and A. J. Smit, “Medicinal and Pharmaceutical Uses
of Seaweed Natural Products: A Review,” Journal of
Applied Phycology 16, no. 4 (2004): 245-62.

23. M. Shpigel, N. L. Ragg, I. Lupatsch, and A.
Neori, “Protein Content Determines the Nutritional
Value of the Seaweed Ulva lactuca L. for the Abalone
Haliotis tuberculata L. and H. discus hannai Ino,” Jour-
nal of Shellfish Research 18, no. 1 (1999): 227-33.

24. Fei, note 15 above; A. T. Critchley and M. Ohno,
eds., Seaweed Resources of the World (Yokosuka, Japan:
Japanese International Cooperation Agency, 1998); and
D. Sahoo and C. Yarish, “Mariculture of Seaweeds,” in
R. A. Andersen, ed., Phycological Methods: Algal Cul-
turing Techniques (Burlington, MA: Elsevier Academic
Press, 2005), 219-38.

25. B. C. Davis and P. M. Kris-Etherton, “Achiev-
ing Optimal Essential Fatty Acid Status in Vegetarians:
Current Knowledge and Practical Implications,” Ameri-
can Journal of Clinical Nutrition 78, no. 3S (2003):

640S—-46S.

26. I. Levy, C. Maxim, and M. Friedlander, “Fatty
Acid Distribution Among Some Red Algal Macro-
phytes,” Journal of Phycology 28, no. 3 (1992): 299—
304; K. Mai, J. P. Mercer and J. Donlon, “Comparative
Studies on the Nutrition of Two Species of Abalone,
Haliotis tuberculata L. and Haliotis discus hannai Ino.
V. The Role of Polyunsaturated Fatty Acids of Mac-
roalgae in Abalone Nutrition,” Aquaculture 139, no.
1-2 (1996): 77-89; and M. 1. Wahbeh, “Amino Acid
and Fatty Acid Profiles of Four Species of Macroalgae
from Agaba and Their Suitability for Use in Fish Diets,”
Agquaculture 159, no. 1-2 (1997): 101-9.

27. Troell et al., note 18 above; and Sahoo and Yar-
ish, note 24 above.

28. AquaNet, “Integrated Aquaculture—An Old
Recycling Concept for Renewed Sustainability,” at
Media & Communication: Videos, accessible by scroll-
ing down at http://www.aquanet.ca/English/media/
annual_rpt.php (accessed 22 February 2007).

29. Troell et al., note 18 above.

30. Neori et al., note 16 above; and Shpigel, Neori,
Popper, and Gordin, note 17 above.

31. R.R. Stickney and J. P. McVey, eds., Responsible
Marine Aquaculture (Oxon, UK: CABI International
Publishing, 2002), 416; J. S. Lucas and P. C. Southgate,
eds., Aquaculture: Farming Aquatic Animals and Plants
(Oxford: Blackwell Science, 2003); and T. Chopin and
H. Reinertsen, “Aquaculture Europe 2003—Beyond
Monoculture,” summary document, European Aquacul-
ture Society, 2003, 36. Conferences include Aquaculture
Europe 2003: Beyond Monoculture; World Aquaculture
2004: An Ecologically Sustainable and Profitable Ven-
ture; Australasian Aquaculture 2004: Profiting from
Sustainability.

Environment

A GREAT CLASSROOM RESOURCE!

APRIL 2007

Check out www.heldref.org/env.php

for lists of articles by topic.

ENVIRONMENT 43



