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cattle have received government snd univer-
sity attention since the 1930s, but are not
integrated with private industry programs.
Finally, research units or breeding stations
have well defined processes of developing
improved plant strains before they are dis-
tributed to the commercial producers.

Private research elforts have demonstrated

improvements in rainbow trout stocks.
However, with few exceptions, current in-
dustry trout stock i mprovement programs do
not use up-hwlate technology and are thus
inefficient.

Genetic improvement programs for channel
catfish have not made a strong impact on the
industry because program applications have
not been transferred throughout industry.
Many farmers still use fish strains they de-
veloped themselves.

Why is aquaculture lagyng behind other
animal breeding programs? Possible rea-
sons include;  I! resistance to community
improvement programs for fish stocks by
independent farmers, �! the mechanisms for
developing and distributing improved ge-
netic material throughout the industry are not
in place, �! lack of funding continuity in
research programs, and �! absence of indus-
try-based genetic improvement programs.

~ Norway

In Norway, genetic improvement programs
for fish have been cooperative efforts be-
tween industry and government research in-
stitutes. When programs for Atlantic salmon
and rainbow trout were initiated, initial re-
sults convinced the farmers that genetic irn-
provernent was important. Since the 1980s,
the fish fartners' association has been oper-
ating such a prograin, however, it is a coop-
erative effort, and research institutes are still
involved in certain aspi~ of the program,

In Norway, as well as the rest of Europe,
farmers' cooperatives and private companies
have been very i mportant in the development
of selective breeding progratns for other
farm animals. The resistance to starting
breeding programs for fish in other countries
is diAicult to explain, especially since re-
search has shown there is a much greater
potential for significant improvements in fish
performance as compared to other farm ani-
mals.

AKVAFORSK, a nonprofit research insti-
tute in Norway, exemplifies successful in-
itiation of a selective breeding program for
fish. Because of Norway's successful expe-
rience with breeding farm animals, breeders
recogmzed a similar potential in salmon. and
trout, AKVAFORSK began operation in the
1970s when the government research insti-
tute initiated a breeding program. Base fish
populations were established and the institute
began a selection program. At first the fartn-
ers were not convinced by the research re-
sults. But when the selectively-bred fish
were placed on their farms and they saw
improved performance, farmers began to
support the program. In the 1980s, a na-
tional breeding program was started and
utilized AKVAFORSK improved stocks.
Improvements have focused on growth rate,
age at maturation and disease resistance.
Now the breeding program is entirely sup-
ported by the private sector and the pro-
gram's costs are built into the salmonid egg
pi ice.

~ Thailand

In Thailand, selective breeding research on
fish has been priinarily conducted with ti-
lapia. As in Norway, the research institute
found the farmers were disinterested in ob-
taining genetically-improved tilapia until
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they observed improvements in growth and
performance on their own farms. There is
very little interaction between governtnent
and industry in this program. At this time,
tilapia breeding prograins are supported by
the Thai government, with assistance from
donor countries,

+ Israel

The breeding research model in Israel is
difFerent &om those in Norway and Thai-
land. The best tilapia breeding research is
conducted by communal farms or kibbutzim,
'Ae kibbutz develops improved strains and
sells them to the farmers. Competition is
keen, and the farmers are very interested in
obtaining the best-performing tilapia, Carp
cross-breeding programs have been con-
ducted for many years in Israd, Hybrids are
being produced by crossing di6'erent carp
sti'sins.

~ Indonesia

Breeding research in Indonesia has been con-
ducted with carp. Base populations have
been collected and selective breeding pro-
grarns have been initiated at research insti-
tutes. However, once the selected fish are
transferred to private farina, breeding proto-
cols are ignored and fariners often cross the
improved strains with their own fish. It is,
therefore, dif5cult to obtain reliable results
abotit performance of the improved stocks.

~ Chico

Selective breeding in China is conducted at
research institutes and financed by the gov-
ernment. Though cross-breeding is common
in the country, it wasn't until 1978 that
private industry was allowed to develop and
today, every time an improved fish strain is
developed, the farmers want to obtain the
fish. Thousands of private aquaculture

farms are in operation, but few make enough
money to support genetlca fesollfch. Tl}ere
fore, the researCh is Supported by the gov
ernment. The Ministry of Agriculture re.
ceives funding from several government
agencies to support selective breediag re.
search Scientific awards are given os to
the best researchers, consequently providing
the primary incentive far researchers to de-
velop improved strains of fish. The availabil
ity of 5~ supp' for breeding r~
search varies among research institutes
some are well funded while others struggle
for livelihood.

e T&wma

In Taiwan, selective breeding research at the
universities and research institutes is focused
on disease-resistance and improving cold-
tolerance of species. Very few private farm-
ers practice selective breeding, but those
who do focus on improving growth rates.
Some tilapia hatcheries have been successful
in improving growth rates, but only the
hatcheries that produce the fastest growing
tilapia aie able to ccÃnpele and stay ia bun-
ress. Ba~se there is competition behieen
hatcheries to produce quality fiy, geneiic
improvement will be important to fish farm-
ers in the future.

~ Yie4aam

The biggest problesn in Vietnam is the de-
clining performance in cultured fish Rea-
sons 5Ã this decrease may include inbreed-
ing depression, isnmltrolled crossing be-
tween species and sdec6on of smaller-sued
fish as broodstock. In the l970s, the Viet-
namese government funded a selective
breedi~ pragrain, but because the fariners
would not purchase the improved larvae. the
program distributed them free of charge.
About ten years later the sdective breeding
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program began to show some positive resul ts
and farmers personally observed improved
fish performance. The demand for selec-
tively bred fish increased and now the stocks
are sold for higher prices than other fry and
fin gerlings.

~ Phllippaies

A collaborative effort, The Genetic Improve-
ment of Farmed Tilapias  GIFT project!, has
recently been initiated in the Philippines.
Because the country lacks a national breed-
ing program and a fish farmers' association,
a government agency disseminates breeding
information throughout the country via sat-
ellite research stations. The GIFT strategy
is to  I! show the farmers that the "improved
fish" are better than fish they are currently
raising, �! initiate a national tilapia breeding
program, and �! make the genetic resources
available to the private farms because small
farms lack the resources ta start or operate a
breeding program. The national breeding
project is designed tobe managed by national
institutions and to generate research funds
through the sale of fingerlings, The goal is
that one day farmers will be able to run the
program themselves. The GIFT project is
modeled after the Norwegian selective
breeding program  see discussion of AKVA-
FORSK! and has as its mission, the develop-
ment of breeding programs in Asian coun-
tries.

~ $apgg
The situation in Japan is somewhat diA'erent
than in other countries. There are two types
of government~ated institutions that pr o-
duce 6sh in each prefecture; one produces
stocks fe' release or stock enhancement and

the other produces fish for aquaiMture op-
erations. Non-selective breeding is prac-
ticed in the government stock enhancement

hatcheries where they produce large num-
bers of oA'spring, using as inany parents as
possible, For example, the Japanese govern-
ment presently releases 16-20 million red sea
bream ofI'spring and 10 million chum salmon
per year.

There are also many private hatcheries that
produce fish for aquaculture. The type s! of
selective breeding for aquaculture used in
those hatcheries is not well known, When
operators are asked about their techniques,
they say it is s trade secret, but researchers
suggest it may be just poor record keeping.

To date, very little selective breeding re-
search has been done in Japan. However,
the government fisheries department rw
cently took an interest in selective breeding
research and is preparing to launch s large-
scale research project In 1992, a ten-year
breeding research plan was initiated with an
annual budget of $2 million. The program
will focus on breeding sea bream, abalone,
flounder, salmon and most other species that
are cultured in Japan. The problen is that the
plan is very grand, and Japanese researchers
and technicians are not well trained in genet-
ics. Therefore, prior to initiating the re-
search program, a large-scale educational
eoort must be implemented.

SMlgap6le

In Singapore, ornamental fish farms are
small family-run businesses, which are un-
able to contribute to selective breeding re-
search and development efforts. Exbenaive
research has been conducted on selective
breeding of ornamentals, but it all has been
funded by the government,

Guppies exemplify the potential of selective
breeding for improving fish performance.
Selective breeding has been conducted for
approximately 40 years with guppies, and
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because they are able to produce about three
generations per year, breeders have pro-
duced about 120 generations of selected gup-
pies, This has resulted in a ten-fold increase
in the size and weight of male guppies, as
compared with the wild-type guppies. These
results demonstrate selective breeding poten-
tial and its impact on fish production.

~ Can dusions

To create a successful selective breeding
program, there must be an on-site demon-
stration  data or photos are insuf5cient! that
allows farmers to directly observe and com-
pare improved fish in comparison to their
own stock. This has been done successfully
in Vietnam, Thailand, the Philippines, China
and Norway,

Although conference participants thought the
first-handMservation approach might con-
vince U.S, fish farmers, specifically sal-
monid farmers, of the merits of selective
breeding, some participants suggested the
difficulty might be in the length of time
needed to observe economic results. The
farmers' limited technical understanding of
sdective breeding also presents an obstacle.
When comparing time elements of selective
breeding improvements to those of improved
feed, the feed industry can demonstrate an
immediate improvement. The same rapid
results are observed with the introduction of
a new vaccine. But the general perception
even among many of the workshop partici-
pants, is that the results of genetic improve-
ment may not be seen for many years

A U,S. farmer/workshop participant be-
lieved the problem with initiating a genetic
improvement program in the United States is
that V. S. fariners are faced with inany bar-
riers to success  regulations, limited capital,
etc.!. These barriers consume all of the

farmers' energy and restatreeS, leaving little
time to conader genetic improvement. The
same barriers limit the availability af U,S.
funding far selective breeding restssrdt be-
cause research monies are committed to
other areas such as nutrition

Bath Dr. Gjedrem and Dr. Gall noted that it
does not take ten to 6Aeca years ao see
selective breeding results. Dr Hcrshber-
ger's researik has shown that selective
breeding of coho salmon can result in an
average gain of N% per generation. Be
cause sdection works in a sbep wise faahon,
Improvements are seen m every genes ation.
This is not the case with crossbreeding or
hybridization. Cross-breeding takes ap-
proximately five generations to achieve a
positive result, and the resulting crossbred
stock is nat itself amenable to further im-
provement Many farmers have made the
mistake of investing in hybridization or
crossbreeding research, instead af selective
breeding, and they have been dissatisfied
with the results.

Cenetac COmiervation issues Re4ted lo
A uacaskure

The puquse of this discussion group was to
consider ccatservation of getMoc variability
for aquaculture production. Many ap-
proaches are possible, therefore, ctmserva-
tian and prescvntian decisions must be han-
dled on a axatry by ccamtry basis. Exam-
ples were cited fram ladcxiesis, Vietnam,
china and Taiwan af prograins that have
been estabhshed to eltserve the genetic di-
versity af aquatic and terrestrial species
Same csnuitsse» have detessnined which spe-
cies to focus on and hoer to maintain the
genetic tnaterial or gerrnplasm, while others
are still develapuig their criteria, Modera-
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~ Benefits and Risks

tora for this session were William Wolters

and Sifa Li.

The first step in genetic conservation is to
determine which species, and varieties
within a species, will be conserved. If only
the species important to aquaculture produc-
tion are considered, they need to be identified
and ranked in order of importance. Another
approach is to preserve a few individuals
from a variety of species. Genetic con serva-
tion of all species and their varieties tnay be
unrealistic, but such an approach would pro-
vide greater conservation of genetic variabil-
ity,

Identification of genetic resources for se-
lected species is the second step in genetic
conservation, An inventory of the popula-
tions or species must be conducted and a
determination of the population size and
numbers of varieties must be established.

Some researchers have expressed concern
about selective breeding and its potential to
decrease the genetic variability in cultured
species. However, in some agricultural
crops that have a long history of cul ture, thi s
has not been the case. For exainple, the
poultry industry was concerned about losing
genetic variability in chickens and turkeys,
Yet, despite many years of selection, si gnifi-
cant loss in genetic variability has not been
documented. Variability has been further
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maintained by coinrnercial producers and
hobbyi sts.

Individual countries must also determine

how to use the safest or most secure ap-
proaches to maintain fhe genetic variability
of conserved species  Fig. I!. The mainte-
nance of live fish, for example, may not be
feasible.

There is a high degree of risk in inaintaining
species in stock-centers. Care must be taken
to prevent gene loss and contatnination from
other varieties or species, to maintain genetic
differences and to minimize domestication.

The funding required to inaintain genetic
inaterial can change as priorities within a
country or governinent change,

The potential of breeding programs to revi-
talizee endangered species was also discussed.
This has been done with terrestrial and

aquatic species, such as the American bison
and American alligator,

Conservation Issues Related to

Biotechnolo /Genetic En ineerin

The purpose of this discussion group was to
consider the conservation issues related to

biotechnology and genetic engineering of
fish. The first half of the discussion consid-

ered the benefits and risks associated with

biotechnology. The second half focused on
steps to consider in the decision-making
process regarding the field testing and use of
genetically-modified organisms  GMOs!
The rnoderators for this discussion group
were Eric Hallerman and Chingjiang Wu.

One of the benefits posed by biotechnology
is aimed at gene pool conservation. Three
techniques that may prove useful in gene
pool conservation are cryopreservation, an-



drogenesis and chimera production. Cryo-
praervation of sperm can effectively create
a stored gene pool, androgenesis will allow
subsequent regeneration of those sperni into
complete living animals and chimera produc-
tion is used to generate complete animals
from cryopreserved embryonic cells. Al-
though fish einbryos cannot yet be cryopre-
served, fish cells can. Cells from the early
embryonic cleavage stages can be injeded
into the blastocysts of developing eggs and
become incorporated into a newly forming
einbryo. In the future, cryopreservation of
raw DNA may be a mechamsm to conserve
gene pools; however, at this time we are
unable to regenerate animals from raw
DNA, The San Diego Zoo in California has
set tip a storage facility ard is presently
cryopreserving the DNA of many different
types of organisms. This material will be
held at the zoo until the technology is devel-
oped.

Another potential benefit of biotechnology is
to relieve the commercial fishing pressure on
wild stocks. Through biotechnology sterile
fish can be produced, which can then be
harvested by commercial fishermen. With
few exceptions, these fish are unable to re-
ptodiice and, therefore, pose little threat to
the wdd stocks, although beharioral and
ecological impacts of the released fish have
riot been exariuned.

There are some risks posed by biotoJnol-
ogy. Both ecological and genetic interac-
tions could occur between wild and geneti-
cally modified fishes. The ecological inter-
actioris could occur through comp&tion,
predation and habitat alteration due to the
presence of genetically modified fish.
Crosses between wild and geneticaHy modi-
fied fish could effect the fitness of the wild
fish. The result could span between two

extreiries, where at one end of the spectrum
there is a geiietic impnivement in the stock
and at the other end the geiietic stock could
become less viable. There is also the con-
cern that these genetsml!y modified fish
could potentiaHy ~ the evolution of wild
stocks.

Another risk froin biotechnology is that it is
oflen seen as a technical Sx and may not
a!Mess the real problem affecting the fish-
ery. For example, biology does not
iiddrere the pmblern of decreased habiiat
quality or overwxploitation. It is possible,
though, to replm!!e this risk as a benefit,
rather than a deficit. Biotedinology may
enable compensation for decreases in habiuit
quality ar overexploitation through in-
creased fislu~ production. An apprispri-
ate balance between conservation and utiTi-

zation of relmrccs needs to be ac+ievixl.

~ Oecisicli snaking proces ior the iNe of
geneticallyreeditied orliuiilm

Before genetically-modified organisms find
general use, the risks need to be a!mssed. It
is possible to use a inodel system or an
experimental inesocosm  a simulation of Ihe
nacrd environment! to assess the types and
magtutudes of risk. The doser the siiriula-
tion to natural coriditions, the better the tesL
The i~iocosm could even be a small, lso-
Lited, irssnageable natura1 system. It may be
possible to indude amspecifics and other
elements of the rekvraat aquatic conununity,
along with the gerietiMy modified fish. By
mliitoring the results, looking for perturba-
tions and detivmiriing if the aquatic system
has the resiliency to deal with those pertur-
bations, it may be possible to assess the risks
assN:iated with geneta&ly-modified organ-
isrns. There ate problems with sade, repli-
cation and cosL
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The best way to look at the decision making
process is to consider it as a step-wise proc-
ess of risk assessment. It should start with a

simple mesocosm and if the results show a
negligible risk, then the assessment can
move to a more complex or larger-scale test.
There are time constraints on this process,
though. The risk assessment must be done
expeditiously so that it has academic and
industry support. Also, the experiments to
evaluate the risk reed to be strong tests. In
other words, the genetic manipulations have
to be great enough to generate an impact; if
no impact is observed as a result of the
manipulation, then the evidence supporting
no impact is stronger, Similarly, the test
must be well designed so that presence or
absence of impact is regarded as credible.

Once the risks have been identified, they
need to be managed. A decision making
process for management of risks is outlined
in Gregory �992!. Gregory identified a
six-step process in decision making  Fig. 2!,

The key stakeholders in aquatic biotechnol-
ogy include the developers of genetically-
modified organisms, aquaculturists, envi-
ronmentalists, regulators and society as a

Figure 2. Six-shep Clecisian hiking Proc+a
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whole. The technical and managerial alter-
natives must be clear! y identi fied in order to
consider the options. The consequences of
each alternative must be identified  i.e., en-
hanced aquaculture profitability, displace-
rnent of local genetic stock!. The likelihood
of both good and bad consequences should
be outlined. Estimating likelihood of par-
ticular consequences is the most difficult step
to accomplish. An approximation using a
computer model might be the first step. The
likelihood of increased aquaculture profit-
ability due to use of genetically-rnodified
organisms would be high, but the likelihood
of ecological risk may be lower than with
non-modified organisms, if the modified or-
ganisms are sterile. The reactions of the
stakeholders to the various consequences of
use of genetically-modified organisms need
to be considered and weighed against one
another. Finally, as the consequences are
linked to one another, all stakeholders need
to be included in the decision making proc-
ess.

A better understanding of the usual compli-
cations in risk manageinent will improve the
decision-making process. Gregory  l 992!
identified the complications listed below:

Zero risk is an illusion.

Risk decisions involve conflicting
objectives.

Risk decisions involve statistical
rather than individual effects.

Risks to life must be traded off
against other considerations.

The analysis of risk is never objec-
tive.



~ Cuidelwses

Discussion Crou Summaries

Risk management is a process and the out-
come varies with the society. What works
best in one location or country may not work
in another.

Reference:
Gregory, R. 1992. A Decision Framework for

Managing the Risks of Deliberate Releases of
Geaetic Materials. In: A. Rosenfietd and R.
Mana, Eds. Dispersal of Living Orgaai!ans
into Aquatic Ecosystems. Maryland Sea
Grant pages 421434.

t uidelines for a Selective Breeding
Pro ram to lm rove Fish Performance

These guidelines outline a general approach
to the development of selective breeding
programs for improved fish performance.
However, each selection program must be
designed for specific species, production
system, breeding goals and cornrnunity of
farmers involved in fish production.

It must be emphasized that an effective se-
lection program requires a dedicated com-
mitment to long-range pertnanent improve-
ment of production efficiency. Because sub-
stantial physical and financial resources may
be required, industry representatives must
find the program acceptable and beneficial-

Experience has shown that during the early
years of a breeding program, new and inno-
vative selection programs require strong
leadership and resource support from a gov-
ernrnental and/or institutional organization.
One mechanism that insures a successful
long-term selection program is the forntabcst
of a breeders' cooperative. Initially, it can
provide orderly advice for the development
of the selection program and later take over
responsibility for the selection program.

These guidelines were initially developed by
the discussion group session moderators ga-

TaMe 1. Geide6nsa for a Selective Qsessding

ble !!. The guidelines were exputded and
revised during a subsequent discussion ses-
sion and later significantly eiq.'sanded by Gra-
ham Gall. The modkmtors for this discus-
sion group were Graham Gall and Supattra
Utaiwan.

~ Establish a sourd support base and a well
developed mission.

Fish farmers can provide valuable ideas and
focus to a selection prograist. Therefore, its
design and development should involve
farmers at the earliest possible stage. How-
ever, based on genetic knowledge of the
species and its perforstume charticteristics,
extensive scientific evaluation must be con-
ducted to ensure that the program's goals are
achievable. 77ae evaluation requires a thor-
ough study of the scierttific bteratt0e and an
interpncegicin of «raij3bie data by qualified
quantitative gesietichNs.
The scientific evaluation should review

the biology of the species,
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the biological nature of charac-
teristics potentially affecting the
economics of production,

the degree of heredity  heritability
estimates! for all potentially impor-
tant characters,

possible correlations between per-
formance characters,

the relative importance of all iden-
tified characters to the economics of
production, and

the potentially limited genetic mate-
rial required for the program.

Genetic material may be limited by importa-
tion regulations, current numbers of stocks
used by farmers and the domestication level
of available stocks.

The selective breeding program should in-
clude replicate selection lines  broodstocks!.
An unselected control line should be in-
cluded if it involves a new species, a new
approach or a demonstration and feasibility
research effort. Replication is important for
monitoring selection responses, providing
genetic information to improve the selection
program and for validating results. The un-
selected control hne will identify changes in
performa~ due to environmental Auctua-
tions that might otherwise be interpreted as
genetic changes.

» Assess potential production system, set mar-
ket objectives and evaluate availabie stocks.

It is extremely important that industry pro-
duction systems and market objectives be
carefully examined for both current opera-
tions and anticipated future changes. This
information is essential for defining sound

breeding objectives, Program goals must be
specifically designed to define the charac
teflstlcs  performance traits! that will be the
targets of selection and to improve perform
ance and economic gain for the industry.

Improved growth rate is the fish breeder's
most commonly pursued goal, and discus-
sion of this performance trait exernplifies
why breeding goals must be specifically de-
fined. Growth rate can be described in a

nuinber of ways, but the only genetically and
biologically meaningful definition is "the
change in body size observed over a specified
growing period." For example, the trait for
carp growth rate could be defined as weight
gain seen during the second summer of rear-
ing. This would require that both the begin-
ning and ending dates be specified, with
growth calculated as the gain in weight of
individual fish  or families of fish! over this
specified time interval. Body weight at a
specified time or size should not be used as
a rncmure of growth rate. Rather, since
larger body size can be achieved through
changes in growth rate at various points
during the life of the fish, body weight is
simply the body size at the specified time.
For example, larger tilapia could be pro-
duced by faster growth during the juvenile
stage, with little change in growth rate during
later stages � just prior to market size.
Thus, selection for body weight wiU be ef-
fective in improving growth only for those
cases in which selection wiH reduce the time
required to grow fish to market size. In these
cases, either the lifewycle stage at which
changes in growth occur is not important in
the production system, or available scientific
information indicates that changes in growth
with greatest economic impacts can be ex-
pected during the stage of production with
greatest economic impact.
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Once breeding goals have been defined for
the production system and market objectives
identified, all available genetic material in
the form of stocks or strains, should be
evaluated for its appropriateness to the
breeding goals. It is important to begin the
selection program with a stock that meets the
industry's performance objectives as closely
as possible. Following evaluation of per-
formance, the most productive stock s! are
chosen to form the initial broodstock  re-
ferred to as the base populations!.

It is possible to design a simple selection
program using only a single base population
or a more complex program using two or
more populations. With the latter system,
the objective is usually to improve parallel
lines  broodstocks! for different perform-
ance characters with the intent of combining
the lines for production through cross-breed-
ing.

If a single stock is chosen, then a relatively
large sample of individuals should be ob-
tained to Form the base population. The size
of the initial sample should be sufHcient to
ensure a broad sampling of the genetic ma-
terial possessed by the donor stock.

If more than one stock is chosen to form the
base population, the stocks should be crossed
in all combinations and then interbred as a
closed population for one or two generations
prior to initiating selection. This process
ensures that genetic inaterial contributed by
each stock is mixed before the selection of
desirable individuals.

» Choose a selection method and mating
system.

The operation of a selection program in-
volves two steps per generation: �! selecting
superior individuals to parent the next gen-
eration  referred to as the selection method!;

and �! mating the selected individuals to
produce the next generation of individuals
 referred to as the mating system!. The first
step defines the way the fish will be ranked
in terms of performance. The second step
determines the method used to produce eggs
 seed!. The mating system can �! be part of
the production system, in which case all
production is from the eggs of selected par-
ents; or �! produce on! y eggs that will form
the next generation of selected broodstock.
In the second case, eggs for production must
be obtained through a multiplication step,
which can include the cross-breeding of se-
lected broodstocks.

There are several different selection methods
that can be used, and the decision between
them is based on which approach is expected
to provide the most efficient response.
Briefly stated, the choices available to fish
breeders include:

Mass Selection - selection of indi-
viduals based solely on the perform-
ance of the individual fish,

Family Selection - selection of
families based on the average per-
formance of all family members,

Within-Family SeleNion - selec-
tion of individuals within fainilies
based on the performance of indi-
vidual fish relative to the average
performance of their family mem-
bers,

Combined Selection - a specific
combination of family and within-
family selection, and

Breeding Value Selection - selec-
tion based on estimated true breed-
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ing value of individuals obtained
from a linear inodels statistical pr~
cedure.

All selection methods  except mass selec-
tion! require that the breeding population be
pedigreed  individual 6sh marked for identi-
fication!. Although mass selection can be
performed without pedigree data, the lack of
information upon which to judge the ancestry
of individual fish will result in a slower

selection response and inay produce a re-
sponse rate that is not economically viable.

Superior  selected! individuals must be
mated to produce the progeny for the next
generation of improved broodstock. A nurn-
ber of mating systems might be used, includ-
ing random mating, assortative mating and
cross-breeding. Random mating i s the most
popular system. Selected males are mated
randomly with selected females. This can be
done by mating the fish in single pairs and
producing full-sib fainilies. Assortative
mating involves mating the best selected
males with the best selected females in rank
order. This method is desirable when a large
number of broodstock are used to provide
both the future selected progeny and seed for
future production. Selected future progeny
are taken from matings among the best indi-
viduals. Production eggs are obtained from
the lower ranking fish.

To enhance the effectiveness of the selection
method, regardless of whether mating is
random or assortative, it is generally desir-
able to establish families of both half- and
fuilwibs within the selected broodstock. In
these cases, the families are produced by
niating each male to more than one female,
usually at random. If there is concern about
the rate of inbreeding or the desire to prevent
inbreeding in early generations af selected
parents and their progeny, the random mat-

ing method can be modified to eliminate
matings among half- and full-sibs.

The cross-breeding method of mating is used
to produce eggs whenever it is desirable to
combine genetic material from more than
one selected broodstock source. Selection
tnethods that produce special lines for s~
cific performance traits in separate brood-
stocks must use cross-breeding for seed pro-
duction. However, crossbreeding cannot
be used to produce future generations of the
selected broodstocks. For example, in one
line a selection program could be set up to
select for iinproved body size at a specific
age, and in a parallel line selection cauld be
for improved survival. Eggs for production
are then obtained by crossing males froin one
selected line with females from the second
selected line. However, the pure lines  se-
lected broodstocks! must be maintained by
mating selected males and females within
each line.

» odine a rearing and testing system,

Rearing and testing systems will determine
the kind of data used to rank fish perform-
ance. The rearing system should reflect
industry use; however, it is often inore de-
sirable to rear fish at the research station and
at test stations located on cooperating farms,
Rearing at the research station will provide
detailed information on broodstock perform-
ance for traits of direct interest for selection,
as well as on other traits being monitored.
The use of test stations ensures that brood-
stock are regularly tested for selected traits
of interest under farm conditions. The infor-
mation from the two sources can be used to

rank the fish for selec6on.

Defining rearing and testing systesns in-
volves identifying the types of rearing con-
tainers  i.e., tanks, raceways, net peas!,
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rearing densities, seasons or stages of life-
cycle for the test  i, e., complete life cycle,
final stage growth, first and second rnatura-
tion! and length of test periods  i,e,, full
suminer growout, 120-day test period,
through first maturation!. The test also de-
terrnines the number of fish tested, including
total number of individuals and families. In
addition, the test design must include the
number of fish to be selected.

The intensity of selection will be determined
by the total number of fish tested relative to
the number selected, The total number of
fish tested will be determined by the capacity
of the rearing and testing systein, while the
number of fish selected will be determined

primarily by the number of females required
to provide the appropriate number of eggs.
To ensure that selected individuals in sea-

sonal spawning species  i.e., salmon, trout!
of both sexes inature at the same time during
the spawning season, it may be necessary to
select a larger nuinber of individuals than
needed to meet egg requirements. However,
this should be avoided if possible.

» Develop protocols for data collection.

Performance traits must be precisely de-
scribed and defmed, relative to when and
how performance will be measured. The
description defines the specific genes, or
genotypes, that control performance traits.
To evaluate the full effects of the selection

program on overall net performance of
broodstock, protocols should be developed
for traits of interest in the selection program
 traits used to rank Ash for selection! and
monitored traits.

To achieve a proper trait description data
collection protocols must properly «ect the
performance traits as defiried for productilt
systems and market objectives. I'or exam-

pie, if the selection p~lram goal was to
increase body size of salmon at market titne,
setting up a prateuQ to measure body weight
at the end of a two-year growth period
would define a different performance trait
than a protocol to meiisure body length at the
end of a twDyear growout period. Sitni-
larly, a protocol to measure body weight at
the end of one year would define a third
perforiaaitce trait. The most appropriate
measure of body ize will depend on the
objectives of the progratn. If the salmon are
sold  niarketed! and valued by weight, thea
measuring body weight would define a trait
more reflective of the product to be mar-
keted. Conversely, a protocol based on body
length would be more appropriate for a mar-
ket in which value is based on body length.

Deciding when measurements should be
taken  e.g., at the end of one or two years!
depends on the market and the genetic cor-
relation ainong traits. If the stock requires
two years to reach market size, then rneas-
uring body size at market tune directly
reflects the production objective. Improving
market size at two years, based onmaisuring
body weight at one year, would be successful
lf tllcfc was a high genetic correlation be-
tween body weight at the two ages. Short-
ening the data collection period may reduce
the time required ao complete the selection
of superior individuals, thus reducing the
cost of rearing.

The data collection syston should not only
identify and measure perfixmance for the
trait under selection, but also rnoiutor eco-
nornically signi6cant perforinaiice traits not
under selectitat. These non-selected traits
should be careMly defined and data col-
lected at the appropriate interval as an essen-
tial part of rntwi8Ãing the overall effects of
selection. One of morc of these traits may
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negatively change as a correlated response to
selection. For example, selection for larger
body weight at a specific age or time could
result in correlated changes in age at first
maturity. If these changes becoine economi-
cally significant, the selection program
should be modified to prevent the continued
accumulation of detritnental efFects on net

performance of the stock � possibly by in-
cluding additional traits as selection criteria.

» Establish data collection method.

Establishment of an effective and eAicient

data recording method is one aspect af selec-
tion programs that is often neglected. Key
design aspects of the data collection method
include identi fication of fish, maintenance of
pedigree information, ease of access to data
used in inaking selection decisions, computer
maintenance of data files and cornpatibi!ity
of data type and forinat with data analysis
programs.

Fish identification is particular! y important
tn evaluating results and identifying neces-
sary modifications to the selection prograin,
because it is possible for genetic correlations
between traits to change as selection ad-
vances. For example, selection. to improve
two-year body weight based on perforinance
at one year could initially be effective due to
a high positive genetic correlation. How-
ever, bemuse selection changes gene fre-
quencies, it is possible that the correlation
between the two traits could deteriorate to an
unacceptable level aAer a few generations.

A large amount of data will be generated as
a selection program progresses. This infor-
mation should not be lost because of poor
data recording and storage methodologies.
Data can be used to estimate genetic paranie-
ters specific to the program's broodstock and
potentially reveal facts not available in the
scientific literature. In addition, parameter
estimates for these data will be more appli-
cable to the broodstock under selection than

estimates contained in published literature.
Finally, the genetic information will be valu-
able for monitoring selection progress and
defining specific and essential modifications
to the selection program.

» Design a regular evaluation procedure.

The program should be monitored frequently
during the initial phases. In fact, following
the order of activities given in these guide-
lines, it inay be necessary to undertake one
or more iterations of the program design
even before selection is initiated. It is oAen
difFicult to anticipate each step in advance.

Once selection is initiated, changes should
not be undertaken until at least two genera-
tions of selection have been completed, un-
less a major problem is identified. Short-
term responses may reflect randoin chance
events. When tnodification appears neces-

sary, the program should be evaluated by
reviewing each activity outlined in these
guidelines. It is also important to identify
how modification decisions will be made,
particularly with regard to involving the fish
farmers who are associated with the pro-
gram.


