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FOREWORD

This report summarizes proceedings of the fourth in a series of workshops
on salmonid aquaculture sponsored by the Washington Sea Grant Marine

- Advisory Program and the College of Fisheries at the University of Wash-

ington. The first workshop, held September 21, 1973, encompassed all
aspects of rearing salmon, including salt-water pen-rearing and ocean
ranching, with related disease and economics questions. The second work-
shop was held April 17, 1974, and dealt with the subject of salmonid dis-
eases. On December 19, 1974, a third workshop on ocean ranching in
Washington was held. Copies of all four workshop reports are available
from Sea Grant Commmications, Division of Maririe Resources, University
of Washington, Seattle, WA 98105, for a handling charge of 50¢ each.
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PREFACE

Before we begin the major part of thls workshop, I would 11ke to catmen_t
briefly on genetics as it could be utilized in aquaculture. . You may -
observe in the preceding statement the implication that the full poten-
tial of this science is not being used. This has been the case histor- -
ically, and I think is still the case. It is an unfortunate set of
circumstances because fish culture has much to gain from the practice of
systematic genetic principles.

Why has this been the case, particularly since similar instances in plant
and animal husbandry have shown such phenomenal gains in production in
the past. 100 years? Any mmber of reasons could be cited to answer this
question, but there are several major areas that are most resp0ns1b1e.k -
Two' prmc1pa1 deterring factors were mentioned by Dr, J.E. Wright ina
paper in The Pennsylvania Angler in 1951: (1) inadequately trained per-
sonnel at a large percentage of state and federal hatcheries, and (2) the
lack of proper facilities. In addition to these I would add two more
that play a part: (3) the ability adequately to rear and maintain fish,
and (4) the existence of somewhat of a myst1que and/or mistmderstanding
of the utilization of genetic principles. Let's take a more critical
look at each of these and attempt to determine the extent to which they
may decrease the interaction between fish culture and genetics.

The problem of inadequately trained persomel is still a very real one,
but not insurmountable, nor does it necessarily mean that a gemetically
oriented program should not be considered, Actually good breeding ex-
periments do not necessarily require intensive education and training in
genetics on the part of those who conduct the experiments. H.H. Smith in
a paper in 1924 credited the Japanese with developing gold-colored gold-
fish from the natural-colored, wild populations as early as 1500 A.D.
This was well before the modern science of genetics was even thought
about. In addition, a large part of the initial animal husbandry. work
was carried out by observant farmers who recognized the benefits of _
selective breeding. Both of these examples are relatively specifically
goal-oriented and long term, but show the results of the practice of one
basic premise of genetic manlpulatmn, the resemblance of relatives. We
now have, perhaps, a more complex set of standards and a wider knowledge
base in the science of genetics that needs some interpretation. In rec-
ogmtlon of this, trammg in fish culture at a lot of schools now re-
quires a basic genetics background for future fisheries biclogists,
which will in time rectify the lack of exposure to this field.

Probably the most difficult problem area to change in a reasonable time
is the second one mentioned, that of the lack of proper facilities. Be-
cause of the demands of the pubhc , the function of most hatcheries has
been directed towarcé the production of increasingly larger numbers of
fish at the least expense. As a consequence, a lot of emphasis has had
to be placed on the production aspect of salmonid culture. Hatching and
rearing facilities were thus designed for this purpose. This leaves




little opportunity to carry out a breeding program, which requires
mmerous small lots of fish under uniform conditions. Even with this
problem there have been efforts to improve brood stocks where feasible,
and some significant gains have been made, In addition, in, recogpltlon _
of the importance of genetics to fish culture, some rectification of this
problem has been made with the development of stations directed specif-
ically at genetics, such as the Sport Fisheries and Wildlife Laboratory

in Beulah, Wyoming. . - o

Closely allied to the facilities problem is the next atea, that of our
capability adequately to rear and maintain fish. It has just been within
the past decade that we have had available adequate diets disease-
treatment methods. I recognize that these are not yet perfected, but we
can now maintain brood fish and assure the survival necessary for genetic
analysis. For this type of work healthy, live apimals are needed to make
crosses and allow the maximm expression of the1r genetic pptenual On
the other hand, while the freshwater rearing is at least ample, the add-
ition of saltwater rearing opens up a whole new set.of problems in
nutrition and disease-treatment, particularly with development of brood
stock. I think, however, that with our present knowledge and teclmology
this will not be a long-term problem. _

The final factor cited in deterring geneti¢ work as part of fish culture -
is one of unfamiliarity with the science of genetics. Genetics is very
basically the study of the inheritance and transmission of variable bio- .
logical characteristics. Research has shown that these traits are deter-
mined by discrete units called genes and thus are predictab € in their
behavior. In addition, it is safe to say that the gemes provide their
carriers with the necessary information for every aspect of their struc-
ture, function, and other biological attributes, We then have a science -
that is predictable by basic probability and affects the entire biology .
of an organism. The methods of "sorting out" the details chn be a prob-
lem, but the fundamentals are rather simple. The major way of eliminating
the mystique and/or misunderstanding about genetics is by education and
information dissemination. This is what we are here for topay and I ~
think we should be successful with the interest demnstrated the
expertise of the nnderators and the panel members present. i

William X. Hershberger
 College of Pisheriee
Unwez-e'r,ty of Washington




SESSION I
~ SALMONID GENETICS

THE STOCK CONCEPT AND GENETIC 'CONSIDERATIONS
Willtom K. RNershberger*

The idea of dlfferent, naturally occurring stocks of f1sh is not a new
one, particularly with salmonids. In fact, the original work on races
was publlshed by Heincke two years before the *rediscovery" of Mendel's
findings in 1900. Every biologist who has dealt with these species has.
come face to face with this concept many times, If this js such an
accepted and pervaswe idea, why open it up for discussion at this
'workshop? ,

There are a mumber of reasons for raising the subject here First of
all, as the title implies, there are some important genetic implications
inherent in this concept that have ramifications in management of the
fisheries resource and in developing strains for commercial production.
Additionally, in large part we are still dealing with natyral or quasi-
natural fish populations rather than systematic breeding programs. As

a consequence, we mist be aware ard know what the stock concept implies
if these fish are to be successfully utilized for productjon. Finally,

. there appears to be some question as to what a stock is, how it is de-

vglg_pe;il and the crucial genetic problems in manipulation of stoc:ks
of fis .

What is a "'stock of fish, pa_r_timlarly with reference to salmonids? In
looking for a satisfactory answer to the question, the first thing we .
notice is that it depends on who is defining this term. For instance,

. based on a fishery, a stock can be defined as a group that recurs at the
same place each year. Since fisheries exploit spawning, feeding, or
migrating animals, they are found in regular positions in,the migratory
circuit of the stock at the same season each year. Another definition,
used more commonly in reference to salmonids, is one species that in-
habits a particular stxeam (Larkin, 1972). This is more apropos to the
salmonid singe they have a marked tendency to return to the natal
stream form a rather clear-cut breeding population. However, as is
also true of the first definition, this concept of stock contains
elements of convenience for management and may or may not represent bio-
logical reality. Within a stock in a given stream, there may be various
subgroups that are genetically discrete, depending on when and with
"whom'* they spawn.

This last consideration is very important when looking at stocks on a
genetic basis. A geneticist's definition of stock would be based on the
reproductive aspects and can be stated as a "group of interbreeding or
potentially interbreeding individuals." The major difference between

*College of Fisheries, Univereity af Washington, Seattle, :Waahinyfm _




the genetic1st's definition and the others is that it is based on the
breeding and genetic interchange between members of a group, rather than
the later life history characteristics of the fish. The two may coincide
if a breeding population has a given migration circuit, but in most cases
this is a rare occurrence.

Why is the gemeticist's definition so narrow and why be concerned with .
this aspect? The science and the use of gepetics are based on the trans-
mission of inherited characteristics in animals, and uniess it can be °
determined that the groups dealt with are breeding together to transmit"
their characteristics to the next gemeration, theré is no way to' say much
about gemetic dlffermces. Second, it is safe to say that genetic factors
influence to some every aspect of the biology of any organism,
including Tish. Aaf:hitlE onally, any changes made -in the genétic constitu-
tion of an animal are fairly permanent and are transmitted to subsequent
generatmns perhaps to become a part of a glven populatlon.

Aside from these c0n51derat10ns, when we consider the strategms that can
be developed for the successful maintenance of an animal species, what
better way is there to take advantage of a wide array of habltats" It
we break up a large population into small groups, each of which is'op-
timally suited to a particular place in the total enviromment, there is' -
a more efficient utilization of the available resources. This is what
the salmonids as a group do. By a process called selection, which -
Graham Gall will discuss later, groups of fish over perhap$ thousands of
years have become adapted genetically to specific enviromnménts. A< a-
consequence numerous stocks have been developed, each of which has an
array of genotypes that allows maximm utilization of its habitat. A
conservative estimate of the total mmber of such salmon stocks in°
existence on both sides of the Pac1f1c was mentmned by Rlcker (1972}" e
as 10, 000. -

Before getting into the genetic implications of the stock d’:c’mcept*‘in TEe=
source management and commercial salmon productien, let.me first mention:
a couple of genetic consequences that are characteristic of natural stotk
development. Because of the limitations on the extent of the environ- -
ment to which a given set of genotypes are optimally adapted, the nuimber
of animals with these genotypes will be finite and perhaps rather small.
Thus a stock is relatively small and: some extent of mbreedmg may re-
sult. Also, since the genotype of a stock is determined i responsé to -
pressure from different enviromments, extensive genetic differences Wlll
develop between groups. Ultimately, perhaps on an evolutidmary time ‘- -
scale, this will lead to isolation such that twog‘rwps will not teprodice
together. In fact, these two processes tend to work in concert to produce
new species but can provide problems for both management and commercial
culture. These problems will be exammed as the: two areas of flshemes :
manipulation are covered. \

What genetic factors inherent in the stock concept should be cons1dered
in management of salmonids as a natural resource? Based on the genetic
definition of a stock, there can exist within a given stream, a large
mmber of stocks, substocks etc., depending on the propen51ty of the
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fish to interbreed, Ideally each of these is a separate unit. for manage- -
ment considerations and each generation of fish should be harvested in =
such a way that the conscious selection of harvesting maint3ins the next
generation as much like the previous one as possible. To accomplish this.
with present fishing methods and management techmiques is clearly an .
impossibility. Consequently the various stocks must be treated somewhat
collectively; thus harvesting is based on the "home stream' concept.

Such a practice is generally referred to as "natural management.''

However, on closer scrutiny even this is not compatible with biological
reality. If we consider the fish in a given stream a reasonable oxima-
tion of a discrete population, there are other umnatural selective forces.
that can change the genetic makewp. For instance, techniques of fishing -
inflict selective mortality om salmon populations. It has been demonstrated
that gilinets remove certain sizes of salmon. Generally early and late

runs are harvested less than at seasonal peaks. The practice of harvesting
mixed stocks inflicts mortality inconsistent with the dynamics of particular
subunits. All of these will tend to change the genetic balance of a . -
population, making it less adapted to its particular environment, and thus.
decreasing preduction. It may be that "natural mnagelmt" is mach more

of an ideal than a realized fact. . -

Additionally, the mfonnatlon needed to even attempt to approach management
on this basis is overwhelming, and perhaps we need to change our 1deas
A few examples of the necessary informatiom are:

1. The extent of genetic differences between subgroups
2. The serlousness of the loss of given subgroups
3. The extent and variability of harvest in the mixture of stocks

4. The population dynamics of each subgroup in order to determine
permissible rates of harvest

We do not yet have methods to collect some of this information, and when
- we can, there is a sizeable investment to justify.

Perhaps, as Larkin (1972) has suggested, we need to change cur emphasis to
meet present requirements. Rather than emphasize the "uniqueness' of
salmon "races," perhaps we should look at their variability and interchange-
ability. Characteristics that are detrimental to salmon in a fast-changing
world could be selected against, rather than emphasizing the preservation
of all genetic components. Salmon could be selected that are adapted to
new environments, rather than placing emphasis on preventing changes in
environments. All of these can be accomplished with the proper gemetic
techniques and their application, provided we are willing to assess the
cost and make a change.

With the genetic characteristics of the stock concept that have been men-
tioned, what are the implications for commercial production of salmonids?
As was mentioned previously, this type of subdivision can lead to relatively
small units that are genetically quite diverse. These two characteristics
can be both beneficial and detrimental to current aquaculture ventures.
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On the negative side, the stocks we now have to work with are adapted _
totally, or at least to a large degree, to the natural environment. Con-
sequently, there is a great degree of genetic diversity between and within-
stocks (there is a component of temporal variation to ‘which populations
must be adapted). On the other hand, in commercial productmn the fish
are subjected to a single, relat:wely stable situation in captivity.
Expression of the inherent gemetic variability will thus give a very o
diverse response and result in a highly varisable product. 'The result is.

a loss of efficiency and extra work to produce a crop. -

A potential problem with using "available'" stocks is one of genetic
incampatibility. As a consequence of -gemetic divergence, stocks may be- -
come different enough that they will not satisfactorily reproduce to-
gether. A suggestion of such a problem was obtained in some br -
work we are doing with the Washington Department of Fisheries. The design
of the crosses is shown in Figure 1. Eggs and sperm were collected from -
30 females and 30 males in each population and the respectﬂve sex products
pooled. The "pooled" gametes were then divided into three 'equal allquots
and crosses were made as shown.

Males . :
1 h
7 S Grean River Simpson Skykord.a -
Green River Gresn River Siwaon Skyko;uiah
x x x

Green River

Gresn River _

Graen River

Simpson Green River Simpaon Slcykohsh
x x : X,
Simpson Simpsoca Simpaon
Skykomish Green River Siupaon Skyko-ish
x x :
Skykomish Skykomish Skyko-ish
Figure 1. The experimental breedmg design in three populatmns of

coho salmon.

In Table 1 the data on mortality ocking'' are shown for the .

crosses in 1974 and 1975. If these data are combined on the basis of the
origin of the males and females (Table 2) in both years the crosses using
Green River males show a higher mrtahty It may be that the Green River




coho salmon have gemetically diverged enough to mke them shnewhat
incompatible with the other puplﬂatims used.

Table 1. Percent mortality (through "shecking') of eggs frém the crosses
of three populations of coho salmon reared at the Was}u.ngtm
Department of Fisheries Green River hatchery.

Population Crosses -‘ 1974 1975
Sim. x Sky. 14.4 10.9
Sim. x Sim, 13.3 9.0
Sim. x G.R. | 27.1 25.3
G.R. x G.R. | 122 7.3
G.R. x Sim. 7.6 3.2
G.R. x Sky. 9.7 8.7
Sky. X G.R. 15.9 9.6
Sky. x Sim. 3.4 5.4 .
Sky. x Sky. _ 17,2 7.1

Table 2. Total percent mortality based on origin of parents of population

CTOSSes.
Population Origin 1974 O’ ? 1975 J
Sim, 18.4 8.1 15.3 5.8
G.R. 9.8 18.4 6.4 14.1
- Sky. 12.0 13.8 7.4 8.9

The genetic variability found in natural stocks also has its beneficial
aspects. Because of genetic divergence, there is a broad array of geno-
types from which to select. This gives a good base on which to initiate
a selection program. In addition, there is a potential for utilization
of hybrid vigor. An example of this possiblitiy is shown in Table 3.
These are results from the crosses mentioned previously and demonstrate
that at least in early life stages some gains can be made by using hybrid
fish, based on the stock from which they originated. In every case, the
hybrld crosses show a better weight gain and conversion efficiency than
;_l;gd pure line crosses. This could be very meaningful when computing
costs.

For commercial production of salmon, the gemetic implications of the stock
concept can be very beneficial for the genetic source material and for
utilizing hybrid vigor. However, some problems are inherent in this
natural system, such as the high degree of variability and possibility of
genetic incompatibility, that need to be recognized as disadvantages in a




comercial gperation. Because of these, it is mandatory that if arti-
ficial rearing of salmon is to be succéssful, separate and distinct
stocks compatible with these conditions must be developed.

It can be seen from this rather short consideration of the stock concept
that it has a major part to play in both resource management and commercial
salmon productmn Knowledge concerning this idea and its genetic com-
sequences can give some insight into methods of more effectively ut:Lllz-
ing salmon. Handling stocks on a genetic basis can thus perhaps yleld
more successful results.’

e

Table 3. Comparison of growth and food conversion efficiency of pure line
and hybrid crosses of coho salmon, based on three months of

rearing.
University of Washington
Population Crosses hatchery Green River hatchery
Food Food -
Average efficiency Average efficency
_ weight (1b. food/ weight (1b. food/
Population Crosses (g) 1b. fish) {g) 1b. fish)
Sim. x G.R, 3.53 1.35 2.24 1.47.
G.R. x G.R. 3.07 1.31 2.08 1,30
Average 3.30 1.33 2.16 1.39
Sim. x Sim. 3.05 - 1.42 2.11 BRRRA? 2%, 1 TH
G.R. x G.R. 2.53 1.56 2.04 1.46
Average 2.79 1.49 2.08 1.46 -
"Excess" +.51 _-.16 +.08 -.07 - ¢
Sim. x Sky. 3.59 - 1.28 2.41 1.28
Sky. x Sim, 3.53 1.21 2.44 - L10.
Average - 3.56 1.25- 2.43 -~ 1,18
Sim. x Sim, 3.05  1.42 2.11 1.46 .
Sky. x Sky. 3.4 1.25 2,28 . L.22 -
Average - 3.25 . 1.34 2,20 . 1.34-
"Excess" +,31 -.09 _ +,23 -.15
G.R. x Sky. 3.20 1.26 2.12 1.34.
Sky x G.R. 3.54 1.21 2.36 1.14
Average 3.37 1.24 2.24 1.24
G.R. x G.R. 2.53 -1.56 2.04 - 1.46
Sky. x Sky. 3.44 - o125 : 2.28 1.22
Average 2.99 1. 41';f'_ 216 1.34
"Excess" : +,38 -1 +.08 -.10
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GENETIC DELINEATION OF SAIMONID POPULATIONS BASED
ON ELECTROPHORETIC DATA '
Fred M. Utter, Prederick W. Allendorf and Bernie May* _

The capability of managing a f1shery on the basis of its component pop-
ulations is an objective that has generally eluded salmonid biologists:
until recently because of the difﬂmlties imvolved in defining these
populations. Tagging and marking studies have provided useful informa-
tion concerning originsand degrees of straying of fish but have been v
limited by the need for handling all treated individuals. Natural fea-
tures such as scale characters and relative mineral composition have
also proven actually or potentially useful for identification of areas:;
of origin through reflections of nital enviromments. None of the above
approaches are capable of genetically defining population structures,
however, and such definitions are necessary if management is to be based
on population structures

A method has mtured during the pa.st decade through which defmltmn of
salmonid populations has been achieved in much greater detail and clarity
than had previously been possible. This method is starch gel electro-
phoresis coupled with histochemical staining. The method is based on

the separation of protein solutions in an electric field, arnd on the sub-
sequent use of the specific activity of the protein (enzyme) in- the stain-
ing process. Electrophoretic data are partnmlaﬂy useful for providing
genetic information on populations because:

1. Properly selected variants reflect simply inherited traits that are
constantly expressed throughout the life cycle of an individual,
and are not directly affected by environmental variables.

2. This kind of variation permits actual counting of frequencies of
different genes in collections taken from different areas;. signi-
ficantly different frequencies of genes from different areas are
positive data that samples from these areas are genetically dif-
ferent. Data are also useful for estimating relationships among
populations and amounts of inbreeding within them.

3. Frequencies of variants in a given population are stable attributes
of that population and tend to persist at the same levels over
many generations.

4. The methodology allows collection of relatively large amounts of
data in a given period of time.

Our group has been actively engaged in the electrophoretic study of
salmonid populations over the past 10 years. This summary reviews some «
applications of electrophoretic data in the stwly of fish populations
from the perspective of these studies.

*National Marine Fisheries Service, Seattle, Washington




Natural PopuZations_

The power of electrophoretic data for genetically defining populatlms
has been demonstrated in studies of salmonid populations of the Pacific
Northwest. Previously unrecognized major pomﬂatlm units have been
identified that are rather surprising in some instances. Although geo-
graphy plays a major role in the structuring of these umits, it is not
necessarily true that geographically proximal populations are genetically
the most similar. Genetic structuring of some populations is also less
closely tied to time of return and anadramy than had previously been

thought. Below are some examples of major population units defined
through electrophoretic studies carried out by our group and other
laboratories of the Pacific Northwest.

A major gemetic division of rainbow trout populations occurs east and
west of the Cascade Crest. Both anadromous and landlocked populations
east of the Crest in both the Fraser and Columbia River drainages are
more similar to one another than to any populations of west slope drain-
ages of the Cascades. Similarly, west slope populations are genetically
more similar to one another than to those of the east, regardless of
whether they return in the summer or the winter. This separation pre-
sumably dates back to the last period of glaciation, which receded about
10,000 years ago. The inland populations are probably descendents of
“rainbow trout that populated large inland lakes formed by Columbia and
Fraser River drainages impounded behind the glaciers. The coastal
populations appear to have descended from another source.

Major population units of coho salmon are distinctly defined over the
entire drainages of the Columbia and Fraser Rivers where a single type

of the serum protein - tramsferrin (Tfn AA) is found in well over 90% of -
- the fish. All other drainages between and on either side of these large
river systems (including those directly adjacent to, but not joining the
Columbia River) have frequencies of AA types of less than 10%. This
abrupt d1scont1m11ty may reflect selective factors favormg the AA
transferrin type in the large river systems.

Fall chinook salmon populations from streams of both Washington and Oregon
entering the Pacific Ocean are genetically distinct from populations of
Puget Sound or Columbia River tributaries. Both of these population umits,
in turn, are genetically different from spring run chinook salmon of the
Columbia River.

Estimation of camponent populations of mixed fisheries for two populations
and a single variant genmetic system is a simple matter of direct pro-
portionality. Analysis becomes more camplex as the numbers of populations
and variant systems increase. Computer analysis involving maximum like-
lihood methods is a feasible approach to this problem that is being
developed and applied by persomnel of our group.




Hatchery Populations

Determining the effects of plantings of hatchery fish on native salmnlds
of the same species is a ma]or concern to management bxologlsts ‘Native
fish are a valuable reservoir of genetic variation and provide a useful
supplement to the fishery even in stocks that are largely maintained
through hatcheries. Although native fish may be more adapted to a par-
ticular area than hatchery fish, they are potentially endangered
hatchery plaidtingsby factors including (1) competition for spawning
rearing ground resulting from large hatchery releases, (2) poss:ble _
earlier hatching of progeny of hatchery fish resulting in a competitive
advantage, and (3) hybr1d1zat10n of native and hatchery fish resulting
in disruption of adaptive gene pools.

Biochemical genetic markers are very useful for studying the effects of
hatchery plantings on native fish provided there are differences in gene
frequencies between the two groups. Genetically marked hatchery fish
require no special handling prior to release, and long-term effects of
plantings can be measured because genetic markers are passed on to
subsequent generatlons

The population of summer run steelhead from the Skamania hatchery of the
Washington State Department of Game has a variant form of the enzyme alpha
glycerophosphate dehydrogenase (AGPD) which occurs with a frequency of
about 0.15. - This variant is absent from native steelhead of the Kalama
River (Washington) and from winter run steelhead of the Game Department's
South Tacoma hatchery that have been planted in the Kalama River; the
variant is therefore useful for following the effects of plantmgs of -
Skamania hatchery fish on other steelhead stocks of the Kalama River.

The data indicate that Skamania hatchery fish planted in the main stream
tend to enter tributaries prior to their seaward migration. Adult fish
from hatchery plantings return near the point of release and many of them
spawn successfully. Descendents of these fish apparently hatch earlier
than those other stocks based on their larger size in a given sampling
area. Almost all of the residualized steelhead of the Kalama River
appear to be from the Skamania hatchery.

Genetie Marking

The potential value of a genetic marker for the identification of pop-
ulations increases as the differences in its frequency increase between -
populations. The sample size needed to demonstrate differences between -
two populations decreases to the point where individual fish can be identi-
fied if different alleles for a particular protein are fixed in the two
populations. Such a situation rarely occurs naturally within a species--
particularly among populations where gene flow is possible--but can be
straightforwardly created through artificial propagation.

10




We are presently working with the Washington State Department of Game to
create genetically marked stocks for maximizing genetic differences be-
tween these stocks and native fish in areas where the stocks are to be
planted. One such stock is being bred from Skamania hatchery fish for
introduction into previously unplanted tributaries of the Kalama River.
Selection is based on the AGPD variant. In the first generation, males
arrying twodoses of the variant gene (i.e. homozygous--about 2% of those
screened) are mated with randomly selected females. In the next genera-
tion there are sufficient individuals of both sexes that are homozygous
for t1t1l:|1.e variant for the derivative population to be brought to fixation
at s time.

Two potential pitfalls that must be kept in mind during the development .
of projects of this kind are inbreeding and differential selection (i.e.,
nonrandom survival of different genetic types) against alternate forms
of a given protein. Effects of inbreeding can be minimized; through the
selection of an adequate mmber of breeders during early phases of the
program. The possibility of differential selection emphasiges the need
to continually seek evidence of differential environmental effects on
parent and selected progeny stocks.

We foresee artificial genetic marking of hatchery stocks becoming a very
useful management tool. The fate of hatchery and wild fish presently is
of more than biological interest in salmonid fisheries of the Pacific
Northwest. Recent Washington State court decisions have indicated that
native Americans may be entitled by treaty to 50% of the natural spawning
salmonids returning to rivers of ancestral fisheries but to a lesser share
of hatchery fish. Sea ranching is a concept being developed currently in
which privately reared salmon are released to grow naturally in the marine
envirorment, and are then harvested by the releasing organigation upon
their return Genetically marked stocks have obvious mmagement
implications in both of these instances.
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GENETICS AND MANAGEMENT VATHIN THE
WASHINGTON DEPARTMENY OF FISHERIES
leter K. Bergman* - ’

The Washington State Department of Fisheries does not have an ongoing
salmon genetics program as such, We have considerable interest in, and
have contributed support to, both the hatchery coho studies described at .
this program by Dr. Hershberger and the genetic delineation studies by .
Dr. Utter relating to chinook. Primarily we are aware that certain know-
ledge about gemetics could be of great significance to salmon management,
and we would like to promote such information. But our lack of specific
expertise means that we will need some guidance. '

The Washington Department of Fisheries (WDF) operates 30 major artificial

production stations for salmon, and consequently in various selection and

stocking actions the Department makes many decisions that affect the _

genetic makeup of Washington's salmon populations. Thus it is clear that

lack of an organized program for genetic consideration does not mean that

genetic decisions are not being made; they are made constantly. The
obvious question is, how can they be made better? B

The history of stock utilization at WDF facilities should provide some
insight into both the magnitude and the nature of problems that can occur.
One highly controversial aspect was the policy in force for decades but
now largely abandoned whereby eggs were freely transferred from hatchery
to hatchery throughout the state and sometimes further. Because hatcheries
have most often been located on major salmon-producing streams, this intro-
duction of foreign stocks with typically rather different characteristics
fram existing native stocks suggests the possibility of dilution or even
eradication of native types. No doubt this has occurred extemsively. I'°
believe this approach to stock selection arose from acting merely out of
convenience and from failure to consider the effects that hatcheries could
have either on wild stocks or on fishery utilization. . In my view the
effect has largely been bad.

Several years ago a program was generated to improve WDF hatchery stocks
by obtaining eggs from fish thought to have special value in the fisheries.
These included early-rumnming chinook and coho, strains of especially
bright or large fish, and in a mumber of cases--e.g., Skagit and Soleduck--
elimination of imported stocks in favor of native fish that appear to have
desirable characteristics. In addition, this program employed a large
amount of crossing--for example, spring chinook bred with fall chinook,
hoping to obtain summer-rumming chinook--where certain characteristics
were not directly and easily obtainable. There were also pure imports
such as cherry salmon (0. masou)from Japan. Finally, there was an attempt
to use complex experiments to learn the gemetic component of chinook and

*Washington State Department of Piaheries, Olympia, Washingtom
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coho that remained resident in Puget Sound and consequmtly were mportant
to 2 major sport fishery. '

Without listing details, there have been some wtstandi.m successes in
the straight stock transfers; the crosses largely have not amounted to
much, at least so far; but major breakthroughs have occurred in hatchery
prodmtion o eﬁet Sound resident stocks--although the praduct was ul-
timately achi by envirormental rather than gemetic manipulation. The
"cherrysalmmhavedomwell in some lakes, huthavenot slum important -
new values thus far in marine releases,

Now Weshington State is proposing enhancement. bgrarnflt:lal production to
double or perhaps triple salmon productionin the state. Whatever follies
or perhaps sensible genetic decisions have occurred in the past have an:
opportunity to be multiplied manifold. As I previously indicated, such
programs tend to be driven by conmvenience, which in my view has opposed

- maximum use of genetic possibilities in the past and could easily happen
again. ~Certainly the "mix-em-up, atything-goes" approach of recent years--
of which I was a part, incidentally--was not commted under review by
management-oriented gtmetic:.sts Undoubtedly we should all consider how
best this can be done in the future to avoid wasted ities or even
genocide and to achieve the economic advantages that genetic knowledge
can surel)r provide 1f given a chance
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GENETICS IN WASHINGTON DEPARIMENT
OF GAME FISHERY MANAGEMENT
Rodney M. Woodin*

The use of genetlcs in f1shery mmgunent programs of the Nashmgtm
t of Game is centered in two areas. These are the selective -

breeding of hatchery stocks for emhancement programs and the use of gene'tic
marks for research purposes, which also involves selective breeding. .

The selective breeding programs of the production hatcheries are hest .
illustrated in the steelhead program. The two races of steelhead,.winter-
run and summer-run, are both propagated art:.flcmlly and have md:ergme
intensive selective breedm,g ,

The winter-run stock is mam:tamed at two stations: South Tacoma and -
Cowlitz River. The selection on the South Tacoma stock has been prmarzly
to get an early egg take, which expedites the production of smolts
in cne year of rearing. The specific data on the timing of the egg take
at South Tacoma have not been compiled, but the general result is that the
peak of spawning for this stock has been changed from mid- - to mid-
January, The Cowlitz River stock has been supplemented with South Tacoma
stock and the majority of the program aimed also at the Jarmary spammg
peak. However, some March and April spawners are utilized to maintain
greater d1vers1ty in this stock. This diversity is desired principally
to have fish available to the fishery in March and April. Also, at the
Cowlitz River, selection for steelhead with a life history of one season
in the hatchery and three seasons of saltwater rearing before maturity
was initiated in 1970. There are no good, hard data available on the
results of this selection process because of sampling problems, but a
definite increase in three-year saltwater adults is apparent. The entire
breeding program for the 1976 brood utilized three-year saltwater adults
as determined by size selection for both males and females, greater-than
32 inches (Jack Ayerst, personal commmication, 1976). The intent of
Em]s; selection is to increase the frequency of large steelhead in the
ishery.

The summer-run steelhead stock is maintained at the Skamania Hatchery on
the Washougal River. Selection at this station has been for both early
egg take and one-year fresh water, three-year saltwater rearing prior to
maturity. Sampling of the adult return to the Skamania Hatchery is
facilitated by the low water conditions in the summer season and represent-
ative data are available for this stock. The shift in time of egg take
from the third week of March to the first of February is illustrated in
Figure 1. The general increase in size of the returning adults at the
Skamania Hatchery, as well as the specific size difference and relative

*Washington Depariment of Game, Olympia, Washington
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- FIGURE 1. Mean date of steelhead egg take at Skamania Hatchery
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abundance of two-year saltwater versus three-year saltwater adults is shown in
Figure 2, Again, the selectiom of three-year saltwater adults is designed
to increase the frequency of large steelhead in the fishery,

The use of genetic marks is new in the field of fisheries. The technique
is described by Allendorf and Utter, 1975. These genetic marks are being
utilized to aid in the assessment of the impact of hatchery smolt plant:s
of steelhead on native populations of steelhead.

Genetic marks are being utilized in two situations where new rearing fa-
cilities have been constructed and are resulting in lntchery plants mto
areas not previously subj ect to direct plants of hatchery smolts. .

The first area of study involves summer-run steel.head from the Skamania
stock being reared in Gobar Pond and released into Gobar Creek, a trib-
utary to the Kalama River. A variant form of AGPIH was utilized as the
mark. The selective breeding for this mark has been conducted twice, and
the first release of genetically marked smolts will be made in May, 1976.

When collecting data for a background genetic profile in Gobar Creek dur-
ing 1974, we discovered that about 50% of the juvenile steelhead population
was descendant from the Skamania stock.’ This is despite the fact that no
smolt plants had ever been made into this tributary. However, the main .
Kalama River has had a long history of plantings from this stock. During
the 1975 field season, sampling cgjn!ucted in all of the major tributaries
of the Kalama River revealed a comtribution of Skamania stock from 0.0 to
100% with an average of 29%

Analysis of the d1str1but10n pattern for the Skamania stock in the wild
rearing populations was limited by the sample mmbers and locations, but

a systematic sampling scheme will be initiated during the 1976 field
season. The primary significance of this data is the positive proof that
hatchery stocks are contributing to the wild rearing populations of .
juvenile steelhead. The next step in this analysis is to determine whether
the Skamania stock spawning in the natural envirorment complete the total
life history atid produce adult steelhead. This question will be examined
during the 1976 field season by sampling adults at the Washington
Department of Fisheries Kalama Falls fishway.

The second area of study involves winter-run steelhead from the South
Tacoma Hatchery being reared at the Mayr Brothers Pond for release into

the Wishkah River, A combination of variation in three enzyme systems--
TO, LDH, AND MIH-+is being. used for the mark. Selective breeding for this -
mark has also been conducted twice, and the first genetically marked smolts
‘will be released in April, 1976,

The Wishkah River received only one plant of hat.chenr stee]head smnlts in
the. twenty years prior to the gstablishment of the new rearing facilities.
This plant of 7,000 smolts wis made in 1963. ' Collection of samples for
background genetlc proflles indicated no South Tacoma stock presently in

the population.
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FIGURE 2 SIZE COMPARISON OF THE 1965 and 1975 ADULT STEELHEAD

TRAPPED AT SKAMANIA HATCHERY
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WASHINGTON, COLLEGE' OF FISHERIES
William K. Hérehberger*

SAIMONID GENETICS PROGRAMS AT THE UNIVERSITY OF

One of the major areas of emphasis of the salmonid aquaculture program at
the College of Fisheries is gemetics and breeding. In order to provide
some idea ofthe scope of the program, I would like to review briefly a
mmber of different investigations currently underway. At the College of
Fisheries we are now working primarily with three species: the chinook
salmon (Oncorhynchus tshawytscha), the coho salmon (0. kisuteh), and the
rainbow trout (Salmo gairdneri). The research work on each of these is of
a distinct nature, but commonly aimed at finding methods through genetic
manipulation to develop stocks for particular objectives of the fishery.

For the past four years the gemetics program with chinook salmon has been
directed at investigating the use of different year-classes for breeding.
There has been some work done by others indicating that use of younger
maturing salmon, for instance '‘jack' salmon, yields a larger proportion

of this age adult in a returning population. The potential thus exists
for this to be a strongly genetically determined trait that is easily rec-
ognizable and easily utilized. In addition, there is the possiblility that
the growth and/or migration characteristics could cause the same effect.
Both of these two possibilities could be of potential value for commercial
aquaculture or state agencies in managing fish production.

In 1971 crosses were made with two age-classes of adult chinook salmon.
One group consisted of progeny from crossing three-year-old females with
two-year-old males ("jacks'), and the other group was from crosses of
three-year-old females with three-year-old males. Although the results
from these fish retuming as adults are yet incomplete, several things can.
be stated to date. The group with the "“jacks" as male parents had more
(3.5X) two-year-old males returning than the other group and more (1.5X)
three-year-old adults returning in the next year (1974), and the average
size of the individual fish was smaller. Since equal numbers of the prog-
eny from the original crosses were released, there is, based on the mmber
of returning adults, a better survival in the group with two-year-old
mile parents. In addition, although the returning fish are smaller in
this cross, there is a greater return in total biomass, or weight. This
may be advantageous in an ocean-ranching situation where the harvest is
on returning adult fish. : o

In subsequent years (1972 and 1973), the same crosses were made again and
additional crosses were added to include three-and four-year-old males and
females.  Although the majority of the progemy from these crosses have
not yet returned as adults, the same general trend is emerq:.ng from the
initial results. More males return as '"jacks" in those crosses with a

*College of Fisheries, University of Washington, Seattle, Washington
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two-year-old male parent but uhan a four-year -0ld female is crossed w1th
a "jack,” fewer males return as two-year-olds. Overall it appears that
the lesser the "total age' of the parents, the faster the maturation rate
and the better the survival in the progeny.

Additional data are being collected on the qcean phase of the life hlstory
of these fish to obtain information on their distribution and growth in.
salt water.. From the results obtained so far, few co:_aclusacms can be
stated, but there seems to be a differential contribution to the Puget
Sound sport fishery based on the available data from the specific crosses .
made. No results from the commercial fishery have yet been obtained..

To summarize the chinook breed:.ng it appears that using age at maturity
as a selection trait can provide a tool to manipulate the characteristics
of the returning adult population. The amount of genetic influence has
yet to be determined, but from initial results it seems to play a large
role, Thus the p0551b11:|.ty ‘exists to breed a chinook salmon populatlon
for the return age desired.

The coho salmon breeding work is designed around the concept of "acceler-
ated rearing.” This practice is one in which coho salmon smolts are pro-
duced in six months instead of the normal eighteen months; rapid growth

is achieved by use of "warm' water and maximm feeding. With this treat-
ment mature adults are produced in two years, rather than the normal three.
In addition to this method allowing for more rapid gemetic selection with
the shortened life cycle, there is also a very dramatic change in the :
selective pressures on the accelerated coho salmon. These fish are sub-.
jected to an entirely new environmental regimen.

In order for a coho stock to perform maximally under these new conditions,
selection for the correct genetic camposition will have ta occur. This is
very basically the design of our current program for coho salmon. Return-
ing adults from crosses involved in the accelerated rear:n.qg program are -
assessed on the basis of such phenotypic characteristics as weight, length,
return percentage, egg production, and fry production. Those crosses that
show the best total performance are then utilized for the next generation..
Results of this program to date indicate, on the basis of lincreased sur-
vival to return, that successful adaptation to the dlfferent rearing con-
ditions is bemg achieved. In addltlon, genaet:u: variation as determined
by electrophoretic separation of proteins is being monitored to assess
changes that may be caused by the selection program.

Two other genetics programs using salmon are currently mderway at other
sites in cooperation with the Washington Department of Fisheries and NMFS.
As 1 mentioned earlier today the program with WDF is an assessment of

three stocks and their hybrids to detemmine if a coho salmon strain can
be developed for a variety of management schemes. Briefly, the results to
date have shown a differential viability between crosses, particularly
with the males of one stock, a significant degree of hybr:i.d vigor in growth
and conversion efficiency in interstock crosses, a genetically mediated
difference in susceptibility to "cold-water' disease, and a large increase
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in genetic variability between crosses, as measured by elec trophores:.s._
While it has be¢n shown that gemetic manipiilatiod ‘can prod
the hatchery phase of rearing, dat.a fron the fmlury are
to complete the analys;s. e

."f.

The program in cooperation with the NMES Iaboratonr at’ Mmtihester W’ash-
ington, is directed toward development of a salmom brood stock for use in
saltwater pen culture. Samples of chinook salmon interyear class crosses
made at the University of Washington in 1973 and 1974 were vaccinated
against Vibrio and placed in saltwater pens in June of 1974 and 1975. These
fish were marked to indicate the cross from which they originated. Indi-
vidual weights and lengths were taken monthly throughout the first year
of saltwater residence. Analysis of the growth data did not indicate any
significant differences among the various crosses during this time period.
However, the fish with four-year-old female parents grew slightly faster
and were apparently more resistant to handling stress and disease problems
as evidenced by their higher survival. It was also noted in the fall of
1975 that a large proportion of the fish from crosses made in 1974 with
two- and three-year-old parents matured as 'jacks." Crosses will be made
with the saltwater-reared chinook salmon in 1976 to further assess these
fish as the start of a brood stock.

The program with rainbow trout has a solid base of more than 40 years of
work done by Dr. Lauren Donaldson and is aimed at further progress in
brood stock development and genetic characterization of this rather unique
strain. Two areas of genetic improvement are currently receiving emphasis;
the first of these is attempting through breeding techniques to enhance
the viability of the eggs and fry produced by females that mature in
their second year of life. While egg production is good at this stage,
there is a relatively high mortality and the resulting fry are less hardy.
Other factors such as diet play a role in this also, but gemetic changes
can have a large influence on sex cell production and can be permanently
introduced. In addition, a shortened life cycle with better fry
production will allow more intense selection over time.

A second area presently being investigated is the alleviation of inbreed-
ing problems. Probably because of inbreeding caused by a small breeding
population, scme undesirable characteristics were noticed in the rainbow
stock. To alleviate these problems, the University of Washington strain
was outcrossed with the Washington Department of Game's Spokane strain.
These fish are now being analyzed, and initial results show some definite
improvements in reproductive traits. In addition, the genetic variation
introduced from the Spokane strain is being momitored by electrophoresis
to follow any changes concurrently with selection. The original Univer-
sity strain had little variation as measured by this method, but the
protein polymorphism shown by electrophoresis was rather unique. Thus

it is of interest to determine if these unique traits will again be
developed in response to the prevalent envirommental conditions.

This samplmg of projects will give yuu some idea of our goals and emphasis
in the genetic studies of salmonids. The information ohtained from these
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programs can be directly 'applied to a ‘mumbér of aquaculture schemes to
achieve desired goals. With z ¢oftinuing emphasis on areas important to
aquaculture, we can define héritable characteristics can be utilized
in managing salmonid populations. In this way definitive guidelines

and directions can be formulated with predictable success.
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SESSION II

INTRODUCTORY REMARKS
Lauren R. Donaldeson* .

At the turti of the century, the great educator-naturalist Br. David Starr
Jordan ‘Published a short paper, “The Trout and Salmon of the Pacific Coast"
(Jordan; 1906). In this paper, Dr. Jordan describes the natural history
of the salmonid fishes, speciation, distribution, and adaptations. He
makes repeated reference to -the extremely varied conditions of habitat
under which the fish live and the role of isolation in the evaluation of

the species and local races.

Some sixty years later , Dr. William F. Thompson, (1965) who had been a
graduate student of Dr. Jordan's, in a paper published just after his
death, wrote of the Darwinian principle of adaptation of species by
natural selection.

This principle applies to the salmon along our coasts. Each stream
or lake has its own extemely complex characteristics, and if salmon
live in one of them we find that these salmon are adapted in an
equally complex way to that environment. We are far from under-
standing these two complexes, the fish and the environment, but we
do know that in order to return to the plice for which it has been
fitted the salmon returns from the sea to its home stream, there to
meet and breed with its own kind. Thus it develops and perpetuates
the genetic characters which fit it for survival in that stream.

So we have a mltitude of groups of salmon, each self-perpetuating,
which we loosely term races, and which the scientist calls geme pools,
each fitted to survive in a particular home. If it leaves this home
the race either dies off or readapts. '

It is obvious that the salmonid gene pool is very complex; to take maximum
advantage of the potential requires many generations of contimuous effort.
A paper (Donaldson, 1963) I presented at the Second Govermors' Conference
on Pacific Salmen in 1963 stated in part:

To be successful, a program of breeding should be continued for
many generations by the best qualified personnel available. The
old adage, '"Real progress comes slowly--but slipping back is fast,"
really applies to efforts to build a better brood stock of salmon
or trout. '

*College of Fisheries, Umiveraity of Washington, Seattle, Washington
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P(BSIBILITIES FOR 1C PROGRAMS
]N RANCHING
James E. Lannan*

Previous discussions this morning explored the concept of a stock.  The
stock concept provides a conceptual framework within which one can discuss
management-related genetic problems with exploited populations. In prac-
tice, however, the stock concept has found limited application in fisheries
management because exploitation typically occurs during periods when several
stocks are present in a common fishing ground. It is not possible to
manage the exploitation of discrete stocks under these circumstances.

Le us define salmon ranching as the artificial propagation of salmon in
hatcheries, the release af animals to harvest energy and nutrients -
from natural production, and the subsequent harvest at or near the site
of release. By this definition, salmon ranching is a mandgement option
that provides the opportunity to apply the stock concept 110 the nmugement
of Pacific salmon fisheries.

The genetic objectives of stock management are to maintain the inherent
genetic variation of the stock on the one hand, and exploit this variation
for economic gains and management purposes on the other. These objectives
present a dilemma for the flsherles manager, for the nature of genetic
variation in populations remains the subject of comsiderable scientific
and philosophical controversy. In the face of this controversy, the
fisheries blologlst st nonetheless make managanent decisions having
profound genetic implications. _

Whereas the maintenance of variability comprises the topics of other
speakers here today, I will direct my discussion largely touards the
problem of stock improvement.

To place the problem in perspective, let us consider the nature of the
characters that might be improved as a consequence of selective breeding
programs in salmon ranching. These are of three types. One type relates
to maximizing the proportion of fish released that return to be harvested.
Another includes characters that influence the value of the fish harvested,
such as size and condition at the time of harvest. A third class of
characters relates to production efficiency. Time of retm'n and age at
return are examples of this class. :

Each of these characters manifests variation in stocks of salmon. In cases
where some of this variation is attributable to heritable consideratims,
it may be possible to exploit the genet:;c variability to realize economic
gains. The pomt here is that it is the variability which makes the gains

Y
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possible. However, we have already recognized that our understanding of
the nature of the variability is incamplete. The question that arises is:
How then can we exploit this variation if we don't understand it?

- Statistical methods exist that permit us to make statistical inferences
about variation without really understanding its true nature. Applymg
‘these methods to the present problem, we can answer two questions that
are essential to developing a breeding program. First, we can test the
hypothesis that the observed variation results to some degree from hent-‘z
able considerations. Further, if heritable consideration$ are mplzcated
we can observe statistical patterns that are useful in dn‘ectmg a

breeding program.

The rationale underlying the partitioning of variation into gemetic and
nongenetic components is based upon the resemblence of relatives. For
characters for which a significant proportion of variation is gemetic in
nature, one expects the variance among relatives to differ from the pop-
ulation at large. Thus one can accomplish a regreéssion analysis of off-
spring on parents as one approach to partitioning variance into genetic
and nongenetlc components. Alternately, one can accomplish an analy'51s
of the variance between and within groups of individuals af l:nown
relat1onsh1ps.

Regardless of which approach is enployed to partltmn variance, the sta-- :
tistical concept is equivalent. The data are compared to' a linear addi-
tive model ‘which predicts that the genetic contributions of individuals
will combine with others in an additive marmmer. We can thus define addi-
tive genetic variance, that is the proportion of the genetic variance .
which fits the model, "and nonadditive genetic variance, or that Wthh is
mcons:.stent with pred1ct1ons of the model. .

We have already noted that a character can respand to selectmn cmly 1f
the character displays a significant proportion of genetic variation.

Whether or not this geneuc variance is additive .or nonadditive is an
important consideration in directing a. selective breed:mg program, for -
1t dictates which breeding method must ‘be. employed :

‘The breedmg methods employed by plant and animal breeders are varlations
of two basic concepts. In one of these, termed individual or mass selec-
tion, selection is based upon the appearance of parents, 'For example, if
body size is the character being selected, parents are chosen from the
largest individuals in the population. This method is effective with
characters that manifest significant amounts of additive genetic variance.

When dealing with characters in which the genetic variance is nonadditive,
it is not possible to select a potential parent on the basis of his or her
appearance. It is necessary to judge breeding performance by observing
the progeny. This is because the progeny phenotype is dependent upon
specific combinations of parents rather than on parental phenotypes.
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The m:portance of additivity (or nonadditivity) to breeding methods is now
apparent. The application of mass selection to characters lacking additive
genetic variance may be conterproductive, while progeny testing is waste-
ful when dealing with characters having 51gmf1cant additive gemetic
variance.

Let us return cur attention now to the problem of selecti
salmon ranching. It is obvious at this point that we woul

breeding in
certainly

benefit from having estimates of additive and nonadditive tic variance
for characters of interest, Unfortumately, the experiments from which
these estimates result are technically complicated and of telatively long

duration. Thus we cannot reasonably expect this informatién to become
available for some time. The sooner we get started, the s¢ ' we can
undertake rational breeding programs.

In the meantime, although we cannot be certain as to how t 1__ﬁahest pursue
selective breeding, there are theoreticai considerations t direct us
towards what not to do.

The alfulerSt of these relates to mbreed:mg and will be t.he topic of another
speaker

The second tells us to avoid mass selection. This follows from the rela-
tionship between some of the characters to the concept of reproductlve
fitness. For purposes of discussion, reproductive fitmess is a statistical
concept that expresses the average contribution of a member of a population
to subsequent generations, Quantitative genetic theory prgdicts that if
one partitioned the variance of fitmess, any genetic variapce present would
be found to be nonadditive. Thus, for any character closely related to
reproductive fitness, we would expect to chserve that any genetic variance
would be largely nmaddltlve

Recall that one type of character of cardinal interest to salmon ranchers
relates to the proportion of fish released that return to the hatchery.
This is an example of a character that has an obv:.msly close relationship
to fitness. Theory predicts that the gemetic variance of this character
would be largely nonaddltlve

In ocean ranching, all characters are, in one semse, related to fitness,
since the success of ocean ranching depends on fish returning. Indis-
criminate mass selection could actually decrease retl.:ms, and therefore
should be avoided. _
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SELECTION FOR IMPROVED PERFORMANCE ~~'
Graham A.E. Gall* . O

- Selection and breeding are basic components of fish production just as
they are for all animal production systems and should be given at least as
much attention and thought as feeding and management. We do not have to
ask the question, "Should we practice selection in our operation?" because
selection will always be occurring either naturally or artificially. _Each
time an individual does not survive to reproduce or each time we, as man-
agers, decide not to use an individual in reproduction, these individuals
have been culled and selection has been practiced. The question we must
ask is, 'How should we define cur selection program?™ R

We can be optimistic that selection can produce results if the system we
wish to use is properly designed and is carried out in an orderly and con-
sistent fashion. At the same time we must be réalistic in our ectations.
Genetic improvement through selection will take time, the length of time
being dependent on how long it takes the stock to reach sexyal maturity. .
Consequently, it is necessary to make a definite comnitment to a specific
program and stay with it long enough to realize results. The alternative

- is to allow chance to determine the genetic fate of the stock, an alter- .
native with the odds of economic success much below those éxpected at the
usual gambling table. ‘ - g ' j ' '

The most rapid response can probably be expected for stocks recently col-
lected from a natural population. This process of domestication should be
‘carefully controlled so that the greatest possible proportjon of the stocks'
good qualitites can be retained for future improvement. We can assume that
at least five generations will be required for a selection program to show
marked changes in performance. If a stock reaches sexual maturity at two
years of age and we obtain all our future breeding stock from two-year-old
fish, we must acknowledge that ten years will be a reasonable time in.
which to expect substantial changes. I ' '

The characters (traits) of importance in production, such as the number of
eggs spawned and growth rate, are controlled, genetically, by a large number
of genes. Therefore, there will be a very few, if any, individuals that
carry truly superior forms of all these genes. The objective of a selection
program is to identify those individuals with the greatest number of supe-
rior genes. We refer to the genetic make-up of an individyal as its geno-
type, and the quality of the genotype as the individual's breeding value.

The identification of individuals with superior genotypes (breeding value)
is further complicated by the fact that the enviromment each individual
fish receives varies from day to day and from month to month. The char-
acteristic as we see it, referred to as the phenotype, will be influenced

*Department of Animal Science, University of California, Davis, California
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by the erm.ronment such that individuals with apparently superior pheno-
types will not all have superior breeding values. Far example, the fish
that is able to obtain the most feel for whatever reason, will probably
grow fastest. This does not necessarily mean that progemy from that fish
will also show the most rapid growth. We can then think of the phemotype
of a fish, that is, thequmtltywemea.sm'e, as being made, up of .the effects
of the genetic ability of the fish, its genotype, plus the influence of the
envirmment on that fish.

Ssle_atian Reaponae

It is obvious that not all the differences we observe among fish will be
due to differences in their genotypes. The importance of this concept to
our appreciation of expected response to a selection program can most
easily be described by considering an example. Let. us assume we are inter-
ested in improving weight at one year of age. We can defme the steps in
selectlon in the following way:

P= the average weight at 1 year of all the fish produced m a season. The
heaviest individuals are to be selected from this group.

B= the average weight at 1 year of the fish selected to be breeders (parents)
of the next generation.

SD=B-P, the difference between the average weights of the breeders and the

_ total group represents the superiority of the fish retained as breeders.
This quantity, SD, is referred to as the Selection Differential. How
large a value it will have will be determined primarily by the proportion
of fish that must be used as breeders.

0= the average weight at 1 year of age of all the progeny of the selected
breeders. If the average enviromment has remained relatively constant
and selection was effective, we would expect the va.lue of O to be
larger than that of P.

R= 0-P, the difference in the average weight of the fish produced in con-
secutive generations. This represents the mmvemnt realized from
one generation of selection. The quantity, R, is referred to as the

Response to selection.

The ration of Response realized (R) to Selection Differential applied (SD)
measures the genetic superiority of breeders, that is, the extemt to which
these breeders would be expected to produce superior offspring. It rep-
resents that proportion of the observed superiority of the breeders that

was due to the breeders having superior gemnotypes. This ration, R £ SD,

is referred to as the heritability of the trait. An example, for yearling
weight in rainbow trout (measured in grams), may look like this: average
weight of all fish, P = 200 g; average welght of selected breeders, B = 250g
(if 10% of the fish are kept as breeders); and, the average weight "of the
offspring, ) = 220 g. Then the Selection mffemtlal (SD). equals 250 -

200 = 50 g, and the Response {R) equals 220 - 200 = 20 g. : The heritability
of yearling weight (R i SD) is 20 = S0 - 0.40. As has been observed in
experiments, the heritability indicates that 40% of the apparent superiority
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of the breeders was due to their having supenor genotypes. The remammg
60% was the result of the selected breeders having received, by chance, a
better than average emrormlent. ;

Our discussion of the steps involved in carrymg out a selection program -
points out a mmber of factors that must be considered in any breeding
program. Because the environment plays an important role in determining -
the accuracy with which we can select superior breeders, it is desirable
that all of the fish in the group being used for selection be treated as
equally as possible so as not to give an envirommental advantage to scme
fish. It is also necessary to identify in some way the fish that have been
selected as breeders, since selection will not always be c¢arried out at
the same time as spawning. -

From the point of view of inbreeding, it is obvious that the size of the
breeding population is determined by the number of fish selected and used
as breeders since they are the only indiviudals leaving progeny to continue
the stock. That is, the next cycle of selection will be practiced only
on their offspring with all other fish being marketed as production. ' The
identification of fish according to family can also be a worthwhile under-
taking. = Since it is possible with most species of fish to obtain large
mumbers of offspring from individual breeders, the selected broodstock
can consist of a relatively large mmber of fish from only a few parents.
If the fish are marked by families, it is then possible to avoid matings"
between brothers and sisters at spawnmg time and thus avoid mbreedmg
depression in the prodmtmn stock, _

Choosing the Traits

In considering characteristics of fish that might influence the efficiency

of production, we could prepare a very lengthy and comprehensive list of

possibly 10 or 15 traits. Obviously, it would be impossible to include all

of these in a selection program simply because of the effort and expense

required to gather all the information for all the fish. Great care must

~ be taken in defining the minimm mmber of traits necessary for an effective
program, The procedures we use to measure a trait and thé stage in the

life cycle at which the measurements are taken are also integral parts of

the definition of the trait. We can use three criteria as guides to the

genetic importance of traits we may consider in a selectidn program. First,

the trait should define a biological entity, that is, it is a reflection

of the fish's genotype. For example, selection' for low e rtality in

a situation where it is known that egg mortality is deterﬁned primarily

by the care with which the eggs are handled would result in selection for

egg handling, not for superior breeding values of the fertility of males.

Second, the trait must be defined to represent the genotype we are interested
in improving. If our primary interest is in increased growth rate of -
fingerlings, the measurement of growth in the first few weeks after hatch-
ing is much more likely to measure the quality of eggs rather than the

innate ability of the fry to grow. Use of this trait in s$election would
result in selection for females with superior breeding values for egg
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quality. If the measurement of growth is delayed umtil the fingerlings
have outgrown the maternal influence of the egg, then the trait will meas-
ure the breeding-value of the fish's ability to grow. It has been
estimated that growth of rainbow trout cannot be accurately masured durmg
the first 150 days of life.

Theth;rdguxdetothemportanceofatraitmtheextenttowhmhthe :
definition represents an econamic entity. The objectives of any selection
program should be to increase ecomomic value of the stock from the view of
net production. If a trait with little or no econmmic value is included
in the program, improving performance of that trait will have little or no
effect on net improvement in economic value. For exsmple,selection for
increased egg mumber in a stock with high fecundity would have little net
effect because the cost of producing an egg is already minimal compared to
other production costs.

There is another very important reason for minimizing the number of traits
in a selection program. The larger the mumber of traits we try to improve,
the smaller the improvement we can expect in any one of the traits. This

is because we cannot critically cull individuals inferior in performance
for one trait since this same individual may be superior for some other
trait. Consequently, we are forced to campramise in culling with the result
that we tend to select a higher proportion of average individuals.

For example, if we were to select only for large mumbers of eggs per female
in a rainbow trout stock that spawns at two years of age, we could expect
to achieve about a 30% improvement in ten years of selection. If, on the
other hand, we selected for both mmher of eges and for large size at one
year of age, we would expect only about a 22% 1nprovement in mumber of eggs
per female, a substantial loss from considering just ome additional trait.
To carry the example further, if there were five more traits included in
the program, that is, a total of seven traits were selected for simlta-
neously, then we would expect only a 10% improvement in mumber of eggs
after ten years of selection.

However, when more than one trait is included in the program, we expect to
achieve improvement in performance for all the traits. In fact, in a
program designed to select for mummber of eggs and yearling weight, we
could expect a 70% improvement in yearling size as well as the 2Z% im-
provement in number of eggs. If yearling weight was one of the seven
traits considered in the large selection scheme, we would expect about a
40% improvement in yearling weight after 10 years.

These few examples demonstrate very clearly that the greatest total improve-
ment will be achieved if selection is practiced for all the traits important
in productlon performance. But it is also clear that improvement in eco-
nomic performance will be achieved only if the traits are of economic _
importance. To take an extreme case, if neither mmber of eggs nor year-
ling weight were economically important, the selection program would pro-
duce large fish that spawned a large mmber of eggs but with no reduction

in the cost of production. A more realistic situation, at least under
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most conditions, would be the case in which improving number of eggs had
little or no econamic value but increasing yearling size was highly ad-
vantageous because the fish required less feed and reached market size at
an earlier age. Then, the inclusion of mmber of eggs along with ‘yearling
weight in a selection program would result in only the 70% improvement in
yearling weight rather than approximately a 100% improvement that might
be expected if selection had been practiced for only yearling weight for
the ten-year period. In other words, the net improvement in production
efficiency was reduced because a trait was included that would not )r1e1d-
an economic improvement. Obviously, the inclusion of seven traits, as
shown above, would have a drastic effect on economic improvement if they
could not be shown to have significant economic impact on the productlon
system,
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INBREEDIM; IN SAIMNIDS
H L. Kz.md*

The effect of mbreeding in broodstock ations received very little
attention in the past even though it has recognized as a problem,
especially in hatchery stocks. Amlable literature reports that in-
breeding causes a general decrease in growth and survival and an increase
in the frequency of deformed and stunted fish.

Any discussion of mbreedmg requires that we begm with a few ba51c dif-
initions of terms:

Inbreeding--the mat:l.ng of individuals that are related to each other
by ancestry. . _ _

- Qutbreeding--the mating of md:wlduals that are unrelated..

.. Coefficient of inbreeding (F)--the probability that two gemes at any
position on the chromosomes in an individual are identical because
they are derived from a common ancestor. 7
Inbreeding depressiori--reduction of the mean observed value of characters
-~ - assoclated with reproductive capacity or physiclogical efficiency.

A program was begun at the Fish Genetics Laboratory in 1970 to measure the
effect of known inbreeding levels on several traits directly affecting fish
production. The method used to measure inbreeding depression was the
differences between inbred and outhred half-sib families that were reared
concaurrently to one year of age in a standardized rearing: environment.

- The -actual depress:.tm estimates ‘tended to fluctuate from year to year and

~ from strain to strain, but all showed patterns similar to that found in
the 1974 tests (Tables 1 and.2). Significant increases in the frequency

of crippled fry and feed conversion and decreases in fish survival and
growth rate were found at both the F = 0.25 inbreeding level (one generation
of brother-sister mating) and the P = 0.375 inbreeding level (two generations
of brother-sister mating). Depre551m estimates at the F = 0.375 level
were, however, markedly higher in most of the traits. Work with other in-
breeding levels (not shown) clearly demonstrates that inbreeding depression
increases with each increase in inbreeding. A second trend demonstrated

in these studies was the increasingly pronounced effect of inbreeding on
growth rate with increasing age (Tables 1 and 2). The deleterious effect
of mbreedmg at these two levels on mnumber of fish produced and weight was:

Inbre loss 1n: ‘ F = 0.25 F = 0,375
Number of fish ' . _
Weight of fish (fmgerlmg plants) . 22 3% 54.9%
Weight of fish (catchable plants)  36.6% 65.4%

*United States Fish and Wi Zdz_i'fe -Bervice Fish Genetics Lahoratory,
Beulah, Wyoming .
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Table L. Inbreeding depression oh.urved in fall strain (F = 0.25) 1974.

Characteristic Common Female Parent? - Common Male Parent Average
Qutbred Mean ~Depression % - Outbreé Mean ' Dspression % - Depression % .
Crippled fry (%) . 3.6 19 . 120 -36.7 o 37.6¢
‘Mean weight (g} at: _ I
126 days 2.4 . 1.0 2.7 .8.8* . 4.9 !
147 days 4.4 2.8 . 4.5 9,3* 6.1
18% days 4.2 13.1* . 3s.0 ls.8r - ©15.0%

354 days 202.8 25.7¢ 151.3 20.8* . 23.,2*
Fry survival (%): T

To 84 days 73.9 5.0 93,7 ie.6% 11.8+
To 147 days 1.0 §.0% 89.7 . 20.2% T 14.6%
Feed conversion 1.3 10.4*% _1.5° ‘0.8 5.6%

2/ common female parent was the same fish in both the inbred and the outbred family.

%' common male parent was the same fish in both the inbred and the outbred family,
* Significance at {P < 0.05).

Table 2. Inbreeding depression observed in fall strain (P = 0.375) 1974.

Characteristic Common Female Parent5/ 5 Common Male Pargntaf Average
Qutbred Mean Deprassien % Outbred Mean Depressiocn & Depressaion §
Crippled fry (%) 1.8 - 163.8% - 10.2 219.1% 191.5% °
Mean weight {g) at: . . .
126 days 2.4 -0.6 3.1 24,.5¢ 12,0
147 Aaye 4.3 2.2 5.3 24.6* 13,4
189 days 14.0 15_7¥ 15.7 24.5* 20,1*
364 Aays ©196.3 35.6% 172.5 31.5" 33.5*
Fry survival (8%}: B _ : .
' To 84 days 49.7 29.3% 65.4 - 9.3 34.3¢
To 147 days 59.1 . 19,3 62.3 80,10 34.7%
Feed conversion 1.4 . 12.8* 1.3 ' 17.0% __ 1a.9*

2/ Common female parsnt was the same fieh in both the inbred and the outbred family.
b/ Common male parant was the same fish in both the inbred and the outbred family.

*  significance at (B € 0.05}. ' .
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figures because of the higher feed conversion found in inbred fish.

What can be done about inbreeding?

Inbreeding is a natural phenomenon that occurs in all closed populations
to some degree. The rate at which inbreeding occurs in a population is
largely dependent upon the number of 'individuals that contribute progeny
to the succeeding generation. As long as the population remains closed

to introductions, inbreeding levels will continue to accummulate in spite .- ..

of everything that the broodstock manager might do. There are, however,
some -basic procedures thgt can be implemented to reduce the rate of
further. inbreedmg buildup.

....Approaches to minimizing “the amount of inbreeding accumulation fall into
two categories: (1) the use of large random mating populations, and (2)
the use of a rotational line mating scheme. The use of the random mating
approach is the simpler approach. Here, each fish is used (excluding only
semously abnormal individuals) and matings are made as one male to one
feqmle until a sufficiently large mumber have contributed to the next

- genetation Some examples-of expected inbreeding increase per gener-
ation with specific numbers of brood fish are shown below:

- Expected inbreeding

Number of females ~ Number of males per generation
100 : 100 - : 0.2%
50 50 0.5%
S0° 25 - 0.7%
25 _ 25 - 1.0%
10 ' R 1 ’ 2.0%
10 5 3.0%
5 | 5 5.0%

It is apparent, therefore, that a minimm of 25 pairs should be used as
parents to hold down inbreeding and 50 to 106 pairs would be preferred.
It should also be noted that it is the sex used in the smallest numbers
that contributes most to inbreeding. For this reason, an equal mmber of
males and females should be utilized. In order to obtain the mmber of

- fish needed at one spawning date, future broodstock eggs should be taken
during peak spawning activity.

The second approach, rotation lme crossing, is more effective in minimiz-
ing inbreeding and also allows the manager to practice intensive selection
for desired traits, but requires more labor and is a more complicated
system to implement. In this approach, the total population is randomly
divided into. three groups or lines that are maintained separately (Figure 1).
During the spawning season, males of line A (dash line) are mated to fe-
males of line E (solid line), males of B to females of C,.and males of C

to females of A. Resulting progeny for each line are then maintained
separately until maturity, when the process is repeated. Eggs for use in
production programs would be fertilized in the same way as eggs for future

L
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Figure 1. Three line rotational mating system. -
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broodstock. The rate of inbreeding increases umder this ,?rs em will be
approximately one-half that of the random mating system if the same mmi:ers
of fish are used, with one-third coming from each line. ' -

Once inbreeding has progressed tc a point where performance is unsatisfac-
tory, the above systems will no longer help and steps will need to be taken
to lower the level of inbreeding. This can be done only by intreducing a
new stock to cross into the existing population to produce a strain hybrid.
Special care must be exercised in choosing the particular strain to be
introduced. Factors to be considered are: (1)} Does the new strain carry
traits that are undesirable? (2) Does the new strain carry traits that
will complement the present strain? (3) Are the old and new strains suf-
ficiently different (genetically) to produce hybrid vigor? If these -
criteria are met, then the cross has a good chancé of improving the brood-
stock; however, this can be assured only after the cross is made and tested
in the production situation.

The three basic approaches described here for controllmg mbreedmg

-be modified in numercus ways to meet the needs of each situation. The
broodstock manager will need to decide what steps are necessary in each
situation on the basis of the severity of the inbreeding problem and the
plamed production requirements of that broodstock.
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