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FOREWORD

The programme of work on marine and coastal
biodiversity aims to assist the implementation of
the Jakarta Mandate at the national, regional and
global level. It identifies operational objectives and
priority activities within the five key programme
elements, namely: implementation of integrated
marine and coastal area management, marine and
coastal living resources, marine and coastal protect-
ed areas, mariculture and alien species and geno-

types.

Mariculture - the production of marine organisms
for food - represents an opportunity to provide a
sustainable supplement to the marine capture fish-
ery. Mariculture has a relatively long history; for
example, oyster culture was known to the Romans.
By contrast, modern, intensive mariculture is only
approximately 30 years old, producing a steadily
increasing proportion of the world’s seafood during
this period. Aquaculture production currently
exceeds freshwater capture by a factor of more than
three and makes up almost half of the marine cap-
ture fisheries. Moreover, aquaculture production
has more than doubled over the last ten years and
this trend is continuing whilst traditional fishing
production is declining as a result of overexploita-
tion. But aquaculture, both in inland waters and
marine and coastal areas, has problems, including
habitat degradation, disruption of trophic systems,

depletion of natural seedstock, transmission of dis-
eases, and reduction of genetic variability. To solve
these problems information is needed to improve
its sustainability. In particular, we need to better
understand possible interactions between aquacul-
ture and natural environments to minimize the
potential for habitat degradation, introduction of
invasive alien species, etc.

The objective of this document is to provide a basis
for understanding the effects of mariculture on
marine and coastal biological diversity. The present
report is a result of a forum in which researchers
reviewed the scientific knowledge base for the
development of a sustainable mariculture. It is my
hope that this report is a contribution to develop
greater depth in domestic research, as well as to
building connections between the researchers.

This report is being widely distributed to reach out
to public sectors, research centres and to other
interested parties. I am confident that the lessons
learned from these efforts will provide valuable
input as the Convention continues to promote and
facilitate achievement of the target of significantly
reducing the current rate of biodiversity loss by the
year 2010.

I thank all of those individuals and institutions who
have contributed to the preparation of this techni-

cal report.

Hamdallah Zedan
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EXECUTIVE SUMMARY

The Ad Hoc Technical Expert Group on
Mariculture was established by the Conference of
the Parties in adopting the programme of work on
marine and coastal biological diversity at its fourth
meeting (decision IV/5, annex). The Expert Group
was established to assist the Subsidiary Body on
Scientific, Technical and Technological Advice
(SBSTTA) in its work on the topic of mariculture.
The terms of reference instructed the Expert Group
to:

(a) Evaluate the current state of scientific and
technological knowledge on the effects of
mariculture on marine and coastal biodiver-
sity;

(b) Provide guidance on criteria, methods, tech-
niques and best practices that avoid the
adverse effects of mariculture, and also subse-
quent stock enhancement, on marine and
coastal biological diversity and enhance the
positive effects of mariculture on marine and
coastal productivity.

In evaluating the current state of knowledge on the
effects of mariculture on marine and coastal biodi-
versity, the group identified the main mariculture
species and methods, and the biodiversity effects of
those methods (Chapter 2). The group agreed that

all forms of mariculture affect biodiversity at the
genetic, species and ecosystem level, but that under
certain circumstances mariculture could also
enhance biodiversity locally (Chapter 4). The main
effects include habitat degradation, disruption of
trophic systems, depletion of natural seedstock,
transmission of diseases, and reduction of genetic
variability. The biodiversity-effects of pollutants-
such as chemicals and drugs - are not very well stud-
ied, though are generally assumed to be negative.

There are many available methods and techniques
for avoiding the adverse effects of mariculture on
biodiversity, and they are summarized in Chapter 3
of this document. They include, most importantly,
proper site selection, as well as optimal manage-
ment including proper feeding. Other mitigation
measures include culturing different species
together (polyculture), and the use of enclosed, and
especially re-circulating, systems. Many of the
other impacts can be avoided with better manage-
ment practices and other technological improve-
ments. A number of aquaculture-specific interna-
tional and regional principles, standards and certi-
fication processes exist, and are described in
Chapter 5 of this document.
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BACKGROUND

1. The Ad Hoc Technical Expert Group on
Mariculture was established by the Conference of
the Parties in adopting the programme of work on
marine and coastal biological diversity at its fourth
meeting (decision IV/5, annex). The Expert Group
was established to assist SBSTTA in its work on the
topic of mariculture. The terms of reference for the
Group were approved by the Conference of the
Parties at its fifth meeting, in decision V/3. The
work of the Group is intended to help implement
programme element 4 (Mariculture) of the pro-
gramme of work on marine and coastal biological
diversity. The operational objective of this pro-
gramme element is as follows:

“To assess the consequences of mariculture for
marine and coastal biological diversity and pro-
mote techniques which minimize adverse impact.”

2. In its terms of reference the Group was request-
ed to:

(a) Evaluate the current state of scientific and
technological knowledge on the effects of maricul-
ture on marine and coastal biodiversity;

(b) Provide guidance on criteria, methods
and techniques that avoid the adverse effects of
mariculture, and also subsequent stock enhance-
ment, on marine and coastal biological diversity
and enhance the positive effects of mariculture on
marine and coastal productivity.

3. In decision V/3, paragraph 15, of the Conference
of the Parties, the Group was also asked to identify
best practices in mariculture.

4. The Expert Group met from 1 to 5 July 2002, at
FAO headquarters in Rome. The complete list of
members of the Group is contained in Annex I to
this document. The Expert Group elected Ms. Stella
Williams (Nigeria) and Mr. Phillippe Goulletquer

(France) as its Co-Chairs, and Ms. Doris Soto
(Chile) and Mr. Mohamed Shariff (Malaysia) as
Rapporteurs. The staff of the FAO Fishery
Resources Division provided logistical and techni-
cal support for the meeting.

5. The Expert Group addressed the issues con-
tained in its terms of reference as requested by the
Conference of the Parties and the present report
thus provides an evaluation of the current state of
scientific and technological knowledge on the
effects of mariculture on marine and coastal biodi-
versity; and guidance on criteria, methods, tech-
niques and best practices that avoid the adverse
effects of mariculture on marine and coastal bio-
logical diversity, and enhance the positive effects of
mariculture on marine and coastal productivity.

6. Chapter 2 of the present note presents an evalu-
ation of the current state of scientific and techno-
logical knowledge on the effects of mariculture on
marine and coastal biological diversity. This chap-
ter corresponds to part (a) of the terms of refer-
ence, and reviews the main mariculture species,
methods and their impacts. Chapter 3 presents cri-
teria, methods, best practices and technology for
avoiding the adverse effects of mariculture on
marine and coastal biodiversity, while Chapter 4
discusses enhancing its positive effects. These
chapters correspond to part (b) of the terms of
reference. Additionally, a summary of existing
international and regional guidance on maricul-
ture is provided in chapter 5 of the report.
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EVALUATION OF THE CURRENT STATE OF KNOWLEDGE ON EFFECTS OF
MARICULTURE ON MARINE AND COASTAL BIODIVERSITY

A. VOLUME AND MAIN SPECIES

7. Mariculture is the farming and husbandry of
marine plants and animals in brackish water or
marine environments. While mariculture output is
still dwarfed by the tonnage of farmed freshwater
organisms, it is growing globally, and its practices
have important implications for marine and coastal
biodiversity on the level of genes, species and
ecosystems.

8. However, mariculture provides good quality
food and is comparatively more efficient than
many other food production forms. Humans con-
sume less than 1% of terrestrial primary organic
matter production, which totals about 132 billion
tons, and less than 0.02% of the 82 billion tons of
the primary production of the oceans (assuming
that the fish caught are secondary consumers).
Because of better feed conversion ratios, fish can
replace terrestrial animals generally at about half
the level of feed inputs. In other words, a hundred
kilos of feed can produce thirty kilos of fish or fif-
teen kilos of pork.' In this sense, mariculture is a
more efficient user of primary productivity than is
the farming of livestock.

9. Mariculture worldwide is growing. FAO statis-
tics shows an increase from roughly 9 million
tonnes in 1990 to more than 23 million tonnes in
1999. However, this increase is the result of the
higher production of only few species. Thus, the
Group made the assumption that the severity of
biodiversity effects will roughly mirror production
tonnage, and concentrated on the genera and

species responsible for most global mariculture
production, using the most recent summary data
available (FAO Fishstat Plus 2000). Table 1 presents
a list of the top mariculture species in 2000.

10. The list does not include marine species, such
as milkfish and mullet, when they are cultured in
brackish inland waters, nor does it include freshwa-
ter species, such as tilapia, grass carp and European
eel, when they are grown in brackish or marine
waters. It does not consider FAO’s “not elsewhere
included” (NEI) or designation, which groups
species not listed individually. However, there are
some species, which have shown potential for
future growth and may be sensitive to aquaculture
efforts (Acipenser spp., Anguilla spp., Diplodus
spp., Epinephelus spp., Lates spp., Lutjanus spp.,
Oreochromis spp., Scophthalmus spp., Thunnus
spp., Ulva spp. among others). Some of these
species are of great local importance, and will
undoubtedly rise in the tonnage rankings. It also
means that the Group had to ignore the potentially
very important local effects of small-scale culture,
for example seahorse and giant clam culture.
Additionally, the culture of microalgae, copepods,
rotifers, and brine shrimp were also considered to
be outside the scope of this document.

11. Species are listed in order of tonnage produced.
Brackish-water aquaculture production is domi-
nated by shrimp but also includes finfish such as
milkfish, and molluscs. Marine aquaculture is
dominated by seaweed, notably Japanese kelp, and
molluscs, mainly the Pacific cupped oyster, but also
includes high-value finfish such as salmon.

1 Asgi’ird, T., E. Austreng, I. Holmefjord, and M. Hillestad. 1999. Resource efficiency in the production of various species. In N. Svennevig,
H. Reinertsen, and M. New (eds.). Sustainable aquaculture: food for the future? A. A. Balkema, Rotterdam. 348 pp.
2 FAO. 2000. Yearbook of fisheries statistics: summary tables. FAO, Rome. http://www.fao.org/fi/statist/summtab/default.asp

10
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Table 1. Top mariculture species in 2000

Species Annual | Culture Top Two Countries
Production | Environ-
(tonnes) | ment

Japanese kelp (Laminaria japonica) 4,580,056 m China, Japan
Pacific cupped oyster (Crassostrea gigas) 3,944,042 m,b China, Japan
Japanese carpet shell (Ruditapes philippinarum) 1,693,012 m, b China, Italy
Yesso scallop (Patinopecten yessoensis) 1,132,866 m China, Japan
Laver / Nori (Porphyra spp.) 1,010,963 m China, Japan
Atlantic salmon (Salmo salar) 883,448 m, b Norway, Chile
Tambalang / Elkhorn / Spinosum (Eucheuma cottonii) 604,600 m Philippines
Giant tiger prawn (Penaeus monodon) 571,497 m, b Thailand, Indonesia
Blue mussel (Mytilus edulis) 458,558 m Spain, Netherlands
Blood cockle (Anadara granosa) 319,382 m China, Malaysia
Wakame (Undaria pinnatifida) 311,105 m Rep. of Korea, Japan
Fleshy prawn (Penaeus chinensis) 219,152 m,b China, Rep. of Korea
Red seaweeds (Kappaphycus spp. & Eucheuma spp.) 205,277 m Indonesia
Rainbow trout (Oncorhynchus mykiss) 153,340 m, b Chile, Norway
Whiteleg shrimp (Penaeus vannamei) 143,737 m,b Ecuador, Mexico
Japanese amberjack / Yellowtail (Seriola quinqueradiata) 137,328 m Japan, Rep. of Korea
Mediterranean mussel (Mytilus galloprovincialis) 117,271 m, b Italy, France
Coho salmon (Oncorhynchus kisutch) 108,626 m Chile, Japan
Green mussel (Perna viridis) 87,533 m Thailand, Philippines
Gilthead seabream (Sparus aurata) 87,106 m, b Greece, Turkey
Silver / Red seabream (Pagrus major) 82,811 m Japan, Rep. of Korea
New Zealand / Green shelled mussel (Pena canaliculus) 76,000 m New Zealand
European seabass (Dicentrarchus labrax) 52,817 m, b Greece, Egypt
Gracilaria seaweeds (Gracilaria spp.) 52,674 m,b Chile, Viet Nam
Northern quahog / Hard clam (Mercenaria mercenaria) 50,685 m, b Taiwan Province, USA
Banana Prawn (Fenneropenaeus indicus & 45,717 m,b Indonesia, Viet Nam
F. merguiensis)
Caulerpa seaweeds (Caulerpa spp.) 28,055 m Philippines
Flathead grey mullet (Mugil cephalus) 27,737 m, b Egypt, Italy
Milkfish (Chanos chanos) 25,723 m,b Taiwan Province,

Philippines
Chilean mussel (Mytilus chilensis) 23,477 m Chile
Peruvian calico scallop (Argopecten purpuratus) 21,295 m Chile, Peru
Japanese flounder / Bastard Halibut 21,202 m Rep. of Korea, Japan
(Paralichthys olivaceus)

m= marine,

b= brackishwater

11
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B. METHODS

12. This document focuses on the most important
and well-documented species and methods, and
does not attempt to embrace all species and meth-
ods. Despite the huge variety of marine organisms
cultured, the methods used can be reduced to a few
basic strategies. While there are numerous schemes
for grouping kinds of aquaculture (e.g. autotropic
vs heterotrophic), the mariculture methods pre-
sented here are grouped in a common-sense way
that makes it easy to identify and visualize their
biodiversity effects. Detailed information about
each culture method is provided in the full report
of Expert Group. The culture categories are:

(a) For molluscs:
(i) Vertical or rack culture;
(ii) Hanging culture;
(iii) Bottom culture;
(iv) Land-based tank culture;
(v) Sea ranching;

(b) For echinoderms:
(i) Tank culture;
(ii) Cage culture;
(iii) Sea ranching;

(c) For crustaceans:
(i) Pond culture;
(if) Raceway culture;
(iil) Cage culture;
(iv) Sea ranching;

(d) For marine aquatic plants:
(i) Suspended culture (longline, raft, net) ;
(ii) Bottom culture;
(iii) Tank culture;

(e) For finfish:

(i) Cage culture (inshore and offshore);
(ii) Pen culture;

12

(iii) Pond and raceway culture (flow-through
and recirculation systems);
(iv) Sea ranching.

13.  Polyculture, the growing of two or more
species belonging to different trophic levels in the
same system, has a long history in freshwater aqua-
culture, especially in China. Some marine examples
include grouper and mudcrab in ponds; milkfish
and siganids in marine net cage; sea scallops sus-
pended from salmon net pens; shrimp and scallop;
and ezo scallop, Japanese kelp and sea cucumber
are cultured in combination with open-water mar-
icultural structures like net cages for finfish.

14. The following section briefly describes the
main mariculture methods. Broodstock, seed sup-
ply and growout are considered separately for each
method, as these very different activities have fun-
damentally different effects on biodiversity.

1. Mollusc culture

15. Mollusc culture is done in tropical and tem-
perate regions depending on species. Oysters, scal-
lops and mussels are dominating the temperate
mariculture while in tropical areas the same species
are cultured at a low and local commercial scale.

Broodstock and seed supply

16. Bivalve mollusc larvae or “spat” are either col-
lected from natural grounds using suitable materi-
als to which the larvae adhere or “set”, or produced
by artificial fertilization in hatcheries. The latter
technique allows much greater control over the
genetic makeup of the stock, as well as transport of
the larvae to distant grow-out facilities (“remote
setting”). The parental stock usually comes from
natural environments, is maintained for short peri-
ods, and spawning is induced in captivity. Thus it is
likely that the offspring retain the genetic diversity
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of the parental stock. Nevertheless, due to the high
fecundity of molluscs, only few animals are
required to sustain seed production, a practice
which might cause negative impacts on the genetic
diversity of the reared population. Studies are
underway to define the required number of brood-
stock in order maintain genetic diversity.’

17. In many areas, triploid production of spats are
carried out in order to decrease the growth period.
Triploid organisms do not pose a genetic problem
as they are sterile. Nevertheless, 100% triploidy is
not guaranteed and monitoring for permanent
sterility is highly reccommended. In oysters, a rever-
sion to fertile condition after triploidy induction
has been observed ‘. Therefore, triploidy should be
considered as a risky process for a species introduc-
tion, requiring first a containing system. On the
other hand, tetraploids are cause for more concern
as they can breed with wild populations and produce
infertile offspring. Research is required to elucidate
the potential biodiversity impact of such practices.

Growout

18. Larvae that have attached or “set” to their sub-
strate are grown in hanging culture (suspended
from floating rafts or floating long lines on strings,
trays, stacks or mesh bags), vertical or rack culture
(sticks or posts are staked on the bottom and act
directly as a growing medium or support racks, or
platforms), bottom culture (shells, stones, rocks,
cement slabs etc. added to the bottom provide
attachment sites), or in land-based systems (mostly
for sea-ranching). In the case of abalone, land-

based culture techniques are applied for the whole
life cycle.

19. Hanging culture is the most common method
of oyster, mussel and scallop culture. In France,
oysters are cultured both on and off the bottom,
using trestles, to produce the regularly shaped shells
preferred by raw half shell consumers.*” Commercial
clam growers and quahog culture operations
depend largely on bottom culture.® Mussel farming
makes extensive use of bamboo either as stakes or
as floating rafts with the vertical or rack culture
method most commonly used.” Seed scallops are
most commonly suspended in the water from rafts,
frames or longlines, sandwiched in metal or plastic
mesh frames, hung in fine mesh lantern nets (shal-
low water cages) or pearl nets (deep water cages) or
hung individually from strings (ear hanging)."

20. Aquaculture has also been used to restore and
replace overfished stocks of molluscs. In overfished
stocks, a restoration management plan should be
adopted to conserve natural genetic diversity as the
expansion of mariculture increases the risk on wild
populations."

21. Given the specificities of each mollusc culture
method, different impacts on biodiversity are to be
expected. Most culture methods make use of natu-
ral primary productivity and therefore the carrying
capacity of the system should be carefully consid-
ered. In addition, sedimentation from faeces con-
tributes to nutrient flows. Maintenance of culture
structures sometimes includes the use of antifoul-
ing chemicals. Regardless of the applied technique,

3 Ikeda M. and Taniguchi N 2002 .Genetic variation and divergence in populations of ayu Plecoglossus altivelis, including endangered subspecies,
inferred from PCR-RFLP analysis of the mitochondrial DNA d-loop region. The official Journal of the Japanese Society of Fisheries, 68:18-27
4 Blankenship, K. 1994. Experiment with Japanese oysters ends abruptly. Bay Journal 10:1-4. Cited in OTA (1995).
McKenzie C.L. Jr and V.G. Jr. Burrell, 1997. Trends and status of molluscan fisheries in North and Central America and Europe-A synopsis.

Marine Fisheries Review, NOAA Technical Report NMFS, 129:1-15.

6  Bardach, J. E, J. H. Ryther, and W. O. McKarney. 1972. Farming and Husbandry of Freshwater and Marine Organisms. John Wiley & Sons, Inc.
7 Goulletquer P.and M. Héral, 1997. History, present conditions and future of the Molluscan fisheries of North America and Europe. Marine

Molluscan production trends in France: from fisheries to aquaculture. Marine Fisheries Review, NOAA Technical Report NMFES, 129:137-164.
8 Bardach, J. E, J. H. Ryther, and W. O. McKarney. 1972. Farming and Husbandry of Freshwater and Marine Organisms. John Wiley & Sons, Inc.
9  Baluyut, E. A. 1989. Aquaculture systems and practices: a selected review. UNEP/FAO, Rome. ADCP/REP/89/43.

http://www.fao.org/docrep/T8598E/t8598e00.htm#Contents

10 Bardach, J. E, J. H. Ryther, and W. O. McKarney. 1972. Farming and Husbandry of Freshwater and Marine Organisms. John Wiley & Sons, Inc.
11 Stotz W, 2000 When aquaculture restores and replaces an overfished stock: Is the conservation of the species assured? The case of the scallop
Argopecten purpuratus in the northern Chile. Aquaculture International, 8: 237-247
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the water column and the sea floor are subject to
alteration in their biological composition. In the
case of land-based abalone culture, artificial food is
used as supplement to natural feed. This requires
treatment of effluents in order to reduce impacts
on the natural ecosystem."

2. Crustaceans

22. Shrimp mariculture is mostly practised in tropi-
cal regions and some attempts are made to produce
shrimp in temperate areas in pond and recirculating
systems.

Broodstock and seed supply

23. Until the last decade, the global shrimp and
prawn farming industry relied on wild-caught lar-
vae or larvae produced by wild-caught females car-
rying fertilized eggs (“berried females”). These
activities have had great adverse impacts on natural
stocks.” The removal of gravid females reduces the
availability of shrimp larvae, a major source of food
for many aquatic organisms. Furthermore, the
bycatch of non-target species is an impact on the
environment. With the expansion of shrimp farm-
ing and especially the need to ensure the supply of
disease-free post-larvae (the stage at which artifi-
cial feeding and growout in tanks starts), the trend
is toward maintenance of broodstock in hatcheries
and the complete closing of the life cycle in captiv-
ity using induced spawning techniques. Such con-
trolled reproduction of farmed crustaceans has
greatly reduced dependence on natural supplies of
seed. A major consideration of such techniques lies

in the loss of the genetic diversity of the cultured
species (in case of escapes).

24. Seed overproduction in some hatcheries and
their subsequent release into the wild results in
enhancement of natural populations. Another
problem is posed by the transfer of broodstock and
hatchery-produced larvae to different growing
regions of the globe. In all cases, effects on genetic
diversity should be considered.

Growout

25. In the early days of shrimp farming, for exam-
ple in China, shrimp culture was done in “trap
ponds” where juveniles were allowed to enter and
grow to marketable size.” Presently, shrimp are
grown in earthern ponds, concrete raceways and
tanks in extensive, semi-intensive, and intensive
culture systems. Environmental impact depends on
the level of stocking density applied: extensive cul-
ture requires large areas and intensive culture uses
high quantities of artificial food and high water
exchanges. Extensive aquaculture promotes the
natural production of the pond, semi-intensive
aquaculture supplements natural production with
artificial feed, while intensive aquaculture requires
artificial feed as the addition to the natural organ-
isms in the water as a source of nutrition."

26. In many countries, shrimp ponds used to be
rice fields, mangrove forests, fish ponds or salt pans
(for example, milkfish ponds in the Philippines,
mangroves in Ecuador and other countries).”
Rapid expansion of shrimp mariculture led to the
destruction of vast areas of mangroves disrupting

12 Allen V], LD. Marsden, N.L.C. Ragg, 2000. The use of stimulants as an aid to wean fishery-caught blackfoot abalone Haliotis iris to artifical

food. Journal of Shellfish Research, 29(1):501.

13 FAO. 2001. Report of the FAO/Government of Australia Expert Consultation on Good Management Practices and Good Legal and Institutional
Arrangement for Sustainable Shrimp Culture, Brisbane, Australia, 4-7 December 2000. FAO Fisheries Report No. 659, Rome, Italy, 70pp.

14 Davenport J.; Ekaratne S.U.K.; Walgama S.A.; Lee D.; Hills J.M. (1999) Successful stock enhancement of a lagoon prawn fishery at Rekawa, Sri
Lanka using cultured post-larvae of penaeid shrimp. Aquaculture, 1 October 1999, vol. 180, no. 1, pp. 65-78(14)

15 FAO. 1978. Aquaculture development in China. Report on an FAO/UNDP Aquaculture Study Tour to the People's Republic of China, led by
T.V.R. Pillay, Aquaculture Development and Coordination Programme, FAO, Rome, Italy, 2 May-1 June 1978.

http://www.fao.org/docrep/X5686E/X5686E00.htm

16 Baluyut, E. A. 1989. Aquaculture systems and practices: a selected review. UNEP/FAO, Rome. ADCP/REP/89/43.

http://www.fao.org/docrep/T8598E/t8598¢00.htm#Contents

17 The Trade and Environment Database, Case Studies, Thailand Shrimp Farming. http://www.american.edu/TED/THAISHMP.HTM
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the balance of these special ecosystems. However,
efforts are now underway to restore mangrove
habitats. In some countries, shrimp aquaculture is
now being practised in inland ponds using trans-
ported seawater. Even though this technique might
be beneficial in terms of saving mangroves and
restricting the spread of disease, it has negative effects
on soils, terrestrial and inland water environments.

27. Pond culture systems result in vast flows of
nutrients and solids to natural environments with
marked impacts on ecosystems and their biodiver-
sity. Another major impact associated with shrimp
aquaculture is the spread of disease to natural pop-
ulations. Chemical inputs to the environment
come from different sources like medicated feed
and application of pesticides and insecticides.
Shrimp aquaculture production decreased tremen-
dously in the past decade due to disease problems,
poor management techniques, lack of coastal plan-
ning and inappropriate site selection. New tech-
niques are being developed such as zero exchange
systems that confine the cultured animals and
require limited amounts of water, therefore reducing
the interaction between cultured animals and the
environment.

3. Marine aquatic plant culture

28. Macro- and micro-algae and seagrass culture
is mostly practised in temperate, but also in tropical
regions for human use (i.e. cosmetics and consump-
tion). In the industrial sector, many uses have been
identified, such as the development of agar products.

Broodstock and seed supply
29. Cultured aquatic plants generally have compli-

cated life cycles with several intermediate stages.
The major source of broodstock is wild collection

of specimens. Most culture of aquatic plants is now
dependent on hatchery production of the early life
stages (monospores, zoospores, gametophytes,
sporophytes) which are attached to growing media
and transferred to marine sites. Other propagation
methods involve fragmentation and protoplast
techniques. In East Asia, selective breeding based
on phenotypic characteristics is widely practised.

Growout

30. Young plants are cultured by three different
methods: suspended (longline and raft), bottom
cultures at sea, and inland tank cultures.

31. In bottom culture, large rocks or artificial sub-
strate such as various shapes of concrete are placed
on the seabed and either seeded with zoospores (an
early life stage) or have sporophytes (young plants)
anchored to them using rope. Bottom culture, now
often used in conjunction with raft culture, is the
earliest known form of kelp culture but is still
employed in China, as well as in Japan and Korea."

32. In off-bottom culture, monospores (another
early life stage) or young plants are either suspend-
ed from weighted rope lines or attached directly to
lines or culture nets. These ropes and nets are
attached to floating rafts, buoyed longlines, fixed
longlines or fixed pole structures and frames.
Porphyra, “nori” (laver) concosellis containing oys-
ter cultch are attached to culture nets in the labora-
tory, and the nets are suspended from wooden or
bamboo frames anchored to the bottom in shallow
coastal areas or inland seas.” Laminaria spp. and
Undaria spp., “wakame” is cultured in open water
on longlines that can reach depths of up to 6 meters
depending on water clarity. The fixed off-bottom
monoline method is the most common method
used in the culture of Eucheuma spp. Raft or
long-line methods are also used.” Gracilaria spp.

18 Bardach, J. E, J. H. Ryther, and W. O. McKarney. 1972. Farming and Husbandry of Freshwater and Marine Organisms. John Wiley & Sons, Inc.

19 Ibid.
20 Ibid.

21 FMC BioPolymer website. FAQ on the benefits of cottonii and spinosum seaweed farming. http://www.fmcbiopolymer.com/contents/sea

weed_farming/index.cfm?scrn=faq&answer=4#4
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culture in Chile uses a technique resembling agri-
culture, where the algae are planted on sand bottoms.

4, Finfish

33. Finfish culture is practiced in both temperate
and tropical waters. In the case of tropical waters,
there is a need of biological studies for seed produc-
tion. Species cultured include both catadromous
and marine fish.

Broodstock and seed supply

34. Broodstocks are divided into two main cate-
gories: (i) domesticated and (ii) a mixture between
wild and domesticated. In the case of domesticated
broodstocks, great concern is expressed regarding
the conservation of genetic diversity. Less impact
on genetic diversity is expected if wild fish are used
in combination with domesticated animals.
Nevertheless, this last method will put undesired
pressure on wild stocks by promoting the capture
of wild organisms. More research is needed in
order for the industry to adopt the best technique
in terms of reducing biodiversity impacts. As an
example, the introduction of 100 to 200 Nile tilapia
fry supports a 90,000 ton aquaculture harvest, sug-
gesting a low genetic diversity.”

35. Most of the important finfish species are grown
from larvae or “fry” produced by controlled repro-
duction in hatcheries. Induced breeding technolo-

gy has progressed through the application of crude
pituitary homogenates to the development of high-
ly active gonadotropin-releasing hormone ana-
logues that can stimulate spawning in recalcitrant
species or through the manipulation of holding
conditions.”* Of all the major marine finfish species
cultured, salmonids are the main group for which
gametes can be stripped from wild fish and com-
bined later in the hatchery, the technique most com-
monly used for seed production. For most tropical
and warm-water (sea bass and sea bream) species, and
for some salmonids held in captivity before breeding,
spawning is initiated by hormone application.

36. Collection of fry from the natural environment
affects recruitment into wild populations by
reducing the parental stocks. In the case of the col-
lection of Atlantic glass eel, this could lead to the
collapse of the natural reproductive stocks.” In
Mediterranean, Asian and Latin American coun-
tries, seed is still being collected from the wild. In
Egypt, for example, fry of mullets, sea bream and
sea bass still derive primarily from the wild.*

37. In many areas triploid production of seed are
carried out in order to decrease the growth period.
A second potential advantage is the production of
sterile offspring. Nevertheless, this requires ensur-
ing that the fry are all female triploids as the dis-
ruption of gonadal development may not be fully
achieved in males.” On the other hand, tetraploids
are cause for more concern as they can breed with
wild populations and produce infertile offspring. ***

22 Beardmore, J. A., Mair, G. C., and Lewis, R. I. (1997) Biodiversity in aquatic systems in relation to aquaculture Aquaculture Research,

28(10): 829-839.

23 Harvey, B., and J. Carolsfeld. 1993. Induced breeding in tropical fish culture. IDRC. Ottawa, Ont. 144pp.

24 Zohar, Y., and C. C. Mylonas. 2001. Endocrine manipulations of spawning in cultured fish: from hormones to genes. Aquaculture 197:99-136.
25 EIFAC/ICES. 2001. Report of the EIFAC/ICES Working Group on Eels. Copenhagen, Denmark, 28-31 August 2001.

26 FAO. 1996. Aquaculture development and resource limitations in Egypt. FAO Aquaculture Newsletter December 1996, Number 14.

http://www.fao.org/fi/newslet/fan14/articl1f.asp

27 Kapuscinski, A.R. and D. J. Brister. 2001. Genetic impacts of aquaculture.