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REPORT OF~THE WORKING GROUP ON GENETICS
1. PARTICIPANTS

The ICES Working Group on Genetics met in Lowestoft, England,
April 27-29, 1983. The following members appointed by the
national delegates, were present.

&

Grizel, France

. Gydemo, Sweden (substitute for L. Nyman)

. L. Koljonen, Finland

. Longwell, USA

. Navdal, Norway (chairman) K
. Purdom, U.K.

0O p 2 3 o=

R.L. Saunders, Canada
W. Villwoch, Federal Republic of Germany
N.P. Wilkins, Ireland

For the workshop on chromosome engineering (see below) the
following specialists from non-member countries invited

through the General Secretary, were present;

Kazuo Fujino,Kitasato University, School of Fisheries Sciences, Iwate, Japan

G.W. Wohlfarth, Fish and Aqua-culture Research Station, Dor, D.N. Hof-
Hacarmel, Israel

" For the workshop and/or the discussion on genetics of natural
populations the following specialists from ICES member

countries were present;

P.0. Brandal, Norway
P. Browley, U.K. |
V. Bye, U.K.

A.R. Child, U.K.

B. Glebe, Canada

B. Howell, U.K.

&'



A. Jamieson, U.K. .

R. Lincoln, U.K.
S. Scott, U.K.
G. Thorgaard, USA

2. TERMS OF REFERENCE AND ITEMS FOR THE MEETING

At the 1982 Statutory meeting it was decided (C.Res. 1982/2:14)
that:

the Working Group on Genetics should meet for three

days late in April 1983, in. Lowestoft, England, with

Dr. G. Naevdal as Chairman to: update their- 1981 account

of aquaculture genetics in ICES member countries; pre-

pare the first account of genetic studies on natural
populations of fish and shellfish in ICES member countries;
conduct a one-day workshop on applications of chromosome
engineering in aquaculture, inviting through the

General Secretary specialists from non-member countries

at national expence; consider how agauculture practices
might affect the genetic structure of natural populations;
discuss and evaluate new approaches in aquaculture genetics.

Based upon the resolution, the following Agenda was put up:

April 27: 900 a.m. Welcome and introduction of participants.
Introductory remarks by chairman.
Updating of the 1981 account of aqua-
culture genetics in the ICES member countries.

230 p.m. Workshop on chromosome engineering.
Introductions by invited specialists with
questions and preliminary discussion.

April 28: 900 a.m. Workshop continues.
Discussion of applications of sex reversal,
gynogenesis (and androgenesis), polyploidy and
new methods.
Statements and conclusions

230 f.m. Preparation of an account of genetics of
natural populations within ICES member
countries,

Consideration of effect of agauculture
practice on natural populations.

New approaches in aqﬁaculture genetics.
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April 29: 900 a.m. Discussibn on the future of the Working
Group: items for next meeting, place and
time for next meeting, terms of reference.
Formation of subgroups for drafting of

report.

200 p.m. Discussion of draft reports.
® Discussion of conclusions, statements

and recommendations

3. GENETICS RELATED TO MARICULTURE IN THE ICES MEMBER
COUNTRIES

As a first approximation the Working Group in 1981 compiled

an account of the activities related to mariculture in the

ICES member countries. These activities include common quanti-
tative genetics on aquaculture species applying techniques as
selection and hybridization and also more basic research and
technique of potential importance to mariculture genetics.

The account was updated this year.

Sea ranching and other types of semiculture are included in
the concept aquaculture. Freshwater fish are included in so

far as they provide models for marine species.

In the case of those countries represented at the Working

Group meeting verbal or prepared reports were presented
summarizing national activities in agquaculture genetics and on
genetics of wild resource populations. For countries not re-
‘p;esented the chairman asked the delegates about such activi-
‘ties in their respective countries. At the time this report
‘was prepared, replies had been made by all countries except two

(Poland and the Democratic Republic of Germany) .

The activities reported are listed in Appendix I.



4. GENETIC STUDIES ON NATURAL POPULATIONS OF FISH AND
SHELLFISH IN ICES MEMBER COUNTRIES

At the 1982 meeting in Galway, Ireland, the Working Group
"found that there were sufficient reasons to include genetics
of natural stocks into its gsneral terms of reference.

The following main reasons were listed:

a. Genetics of cultured and natural stocks are closely re-
lated because natural genetic variation is the basis for
genetic improvement of stocks for aquaculture purpose.
Further natural stocks can be influenced by aquaculture
practice through development of culture based fisheries,
enhancement of natural stocks and involuntary escapement
of cultured organisms.

b. Genetic variation within and between natural populations
is of much significance for management of fisheries.
Interpretation of the results of studies on biochemical
genetics are often difficult and general evaluation of |
such methods are needed.

c. Growing interest in the significance and conservation

of genetic resources.

At the meeting in Lowestoft a first account concerning
activities concerned with genetics, of natural populations
was compiled. Similar to the account on agquaculture gene-
tics, the participants gave verbal communications or working
papers on the activities in their countries. For the
countries not represented, information was collected by the

chairman through the national delegates.

The close relation between genetics of natural populations
and aquaculture genetics was clearly illustrated by the fact
that in several cases it was very difficult to distinguish
between the two in the national reports as they were sub-
mitted.



~ _7_
The Working Group discussed standarization of methods and
designation of phenotypes. It was generally agreed that
the best way of standarizing and distribution of phenotypes,
is direct exchange of samples for comparisons of known pheno-
types by the different (although similar) methods used by
different laboratories. A recommendation on that point was
formulated (recommendation no. 8).
The group also discussed to what degree it should be con-
cerned with genetics of natural populations. Some parti-
cipants stayed with thé view that the Working Group on Genetics
should be concerned with genetics of natural populations only
in so far as this is of actual or potential significance for
aquaculture. Others were of the opinion that the Working
Group should be concerned with all aspects of genetic re-
sources in fish and shellfish. No decision was made, and thus
the Council will have to decide to what degree the Working
Group should be concerned with genetics of natural populations.

The activities reported are listed in Appendix II.
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5. CHROMOSOME ENGINEERING WORKSHOP

5.1 INTRODUCTION

Presentations,all concérhed with finfish, were made by:

Purdom:

Bye: Sex-ratio control in t

Glebe: Sex-ratio control in

Lincoln: Induced triploidy

A brief review of the tield

he UK:-

salmon

Induced triploidy, tetraploidy and diploid gyno-

The use of u-v irradiation for sperm inactivation

Thorgaard:
genesis and androgenesis
Scott:
Fujino: Review of chromosome engineering in Japan
Brandal:

Sex-ratio control and the grilse problem

A general discussion ensued on the practical applications of

chromosome engineering and other genetic approaches such as

hybrid DNA production and induced mutagenesis. The latter

techniques should be reviewed from time to time but their near

immediate application in fish was not deemed likely.

Several potentially valuable techniques have arisen from the

studies of chromosome engineering. Some are already being tes-

ted

tory level of development.

in commercial practice, but other remain at the labora-

Problem areas were identified in

all aspects of the subject area and are summarized below.

5.2.

PRESENT STATUS

Three broad areas of activity can be identified and their

present level of applicability is in the order:

a)
b)
c)
d)

Sex ratio control
Polyploid production
Gynogenetic reproduction
Androgenetic reproduction
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5.3. SEX~RATIO

a)

b)

c)

d)

5.4.

This entails the genetic control of sex differentation and
is derived from the use of hormones for primary production

of sex-reversed fish.

Significant use is now made of this approach in the UK and
is developing in several other countries. Its principal
advantage~is the avoidance of male secondary sexual
characteristics but it also is relevant in the avoidance

of grilse production in salmon farming.

The main problem area lies in the production of sex-reversed
males for the continuation of broodstock. Present tech-
niques produce ductless gonads and there is a need to
develop methods to avoid this so as to simplify the manage-
ment of female-only techniques in commercial practice.

A further problem relating to males was the need to ensure
that sufficient numbers were employed during spawning to
avoid inbreeding.

Further development should include the searich for situations
in which males develop naturally at low frequency so as to
avoid altogether the need to produce males by artificial

sex—-reversal.

POLYPLOID PRODUCTIONS

This is the creation of zygotes with ﬁore than the diploid

numbers Qf chromosomes and embraces the use of hybrid situ-

ations (allopolyploidy) as well as straight crosses (auto-

polyploidy) .

i)

a)

Triploids

The advantage:of triploids résddes in the sterility and
almost complete suppression of gonad formation in females.
Males do develope large gonads and secondary sexual charac-
ters, and so have less potential than females in aquaculture.
In some cases, triploidy may be an advantage by conferring
greater viability on otherwise poor hybrids.



b)

c)

d)

ii)

a)

b)

c)

d)

iii)

a)

b)

c)

5.5
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Safe use 'is being made of triploids commercially in the Uk

‘and in North America (allotriploids).

The principal problems in triploid productions lie in the
lower survival of eggs and possibly in the slower growth
rates of juvenile fish. Further research is needed into
these problems areas and into other aspects of the suita-
bi}ity of triploids so as to create the possibility of asses-
sing jointly the benefits and disadvantages of the procedures.
Future developments should include a search for oogenic
transformation which might confer fertility in triploids.

Tetraploidy

The main potential of tetraploids in breeding lies in their
use as a mean for ‘simple triploid production by crossing with
diploids.

No commercial use of tetraploids at present.

The main problems seems to be the very poor survival of eggs
after treatment at first mitosis and the low viability of
hatched tetraploid larvae. Continued search should be made
for improved egg treatment techniques, and for better hatch-
ability.

Further development of the use of tetraploids must await

the improvements in techniques referred to in ii)c).

Aneuploidy

The presence of additional chromosomes, less than the complete
set is usually deleterious in diploid organisms but may

offer some chance of introducting hybrid material into fish
genomes .

No commercial use is presently being made of aneuploidy in
fish.

The problems is lack of basic research, but the use of tri-
ploid males of hybrid origin may provide a route for an

experimental approach.

GYNOGENESIS AND ANDROGENESIS

There is as yet no commercial production of fish using either gy-

nogenetic or androgenetic techniques.
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i) Haploids. These are almost aiways inviable, .and have little

ii)

iii)

5.6.

commercia1~potémtiéi;}5ﬁhihave"ééﬁéi@éééblé impottance for
basic research.

Diploids. Techniques are now available to produce these
in large quantities by suppression of the completion of
meiosis after gynogenetic stimulation. The gynogenetic
offspring produced this way are partially inbred and,
where con¥entional sex determination systems apply, can

be used to initiate all-female production cycles. Diploid
production following suppression of first mitosis either
in gynogenetic or androgenetic development can be answer
to the probléms of producing inbred lines:

The problems encountered in tetraploid production also
apply here, however, and continued research to improve
viability of egg treatments and larval survival is urgently
needed. The additional problem of homozygote inviability
should be pursued by patient examination of strain or
individual fish performance.

Aneuploids. Gynogenesis and androgenesis are additional
ways to produce aneuploids but differ from the use of
triploid males by permitting inclusion = of fragments of
chromosomes into other sets. The problems remain-those

of lack of basic research.

CONCLUSTIONS

»

Some aspects of chromosome engineering are rapidly developing

in commercial use. The main problem areas are:

1) .

2)

3)

4)

The production of intact sperm ducts in sex-reversed male
fish.

The quantification of the disadvantages and advantages of
the use of triploids.

The improvement of viability in eggs and larvae from
physical shocks applied at the stage of first mitosis.
The lack of basic research into other areas of chromosome

engineering.
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All of these problems are being studied at a number of research
centers throughout the world.

Although designed initially for use in fish farming, some
aspects of the techniques as described may also prove commer-
cially useful iﬁ other aquaculture groups, in particular shell-
fish. Because shellfish eggs are spawned at an earlier stage
of meiosis than those of vertebrate fish, even a wider range

of chromosome manipulations are theoretically possible in this
groups. Effort to stimulate successful gynogenetic develop-
ment in oysters and abalone are known to be under way .

6. CONSIDERATIONS OF EFFECT OF AQUACULTURE PRACTICES ON
NATURAL POPULATIONS

An important concern in aquaculture practices is to maintain
genetic diversity of natural populations, because the latter

are the resources of further natural evolution as well as
further progress in aquaculture investigations. Overexploi-
tation by commercial and sportfishermen, indiscriminant trans-—
fer of animal populations (together with their parasites and
pathogens), and destruction of habitats through industrial
development have already reduced or even eliminated many aquatic
populations and have threatened others. The concern of the

ICES Working Group on Genetics is that natural genetic resources,
from which aquaculture will continue to draw material have to be
protected from further damage by man's impact. This intention
includes efforts to minimize the possible consequences through

aquaculture practices themselves, i.e.:

a) Effects of intensive fish farming.

= Introgression of genes due to non=-voluntary escape of non-
indegenous species or populations.

= Erosion of genes or loss of fitness due to escape of
fish improved for fishfarming or with reduced genetic
variation due to genetic drift.

- Replacement of natural populations by farmed exotic
species due to direct competition or changes in the
ecological balance.
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- Transfer of pathogens from farmed to wild populations:

 The farmed fish may be resistant oy the effect of the
pathogens may be minimized by antibiotic treatment or
vaccination, while the effect on the wild populations,
however, may be lethal.

b) Semiculture.

- Breakdown of natural population structure as a conse-=
quence of interaction between naturally reproducing
fish and hatchery reared fish.

- Erosion of genes or genotypes due to increased compe-
tition.

- Loss of fitness due to reduced genetic variability caused
by genetic drift (introgression of inbred lines) .

- Transfer of diseases from resistant (cultured) to non-
resistant (natural) species or populations.
c) Shellfish Culture.

- Increased competition between native and introduced
species or populations, with potential erosion, reduction
or even replacement of the natural ones.

- Transfer of parasites and pathogens to non-resistant
natural species or populations.

The potential danger that may derive from the above briefly
mentioned implications of aquaculture leads to recommenda-

tions 4-7, page 16.

The following publications were of significant importance for

working out this chapter: By

FAO/UNEP, 1981: Conservation of the genetic resources of
fish: Problems and recommendations. Report of the Expert
Consultation on the gentic resources of fish, Rome, 9.-13.
June 1980. FAO Fish. Tech. Pap., 217: 43 pp.

RYMAN, N. (ed), 1981: Fish Gene Pools. Ecol. Bull. (Stock-
holm) 34: 107-108. |

7. BIBLIOGRAPHY
A reference list of papers dealing with the genetics of wild

resource populations published from 1978 on was compiled

(mainly by the USA representative with Genetics Abstracts as
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the main source). Theoretical and methodologic papers are
included, end also those dealing with non-aquatic groups when
these are concerned with methods or principles of presumptive
value for the genetics of species important to, aguaculture

or the fisheries. These references are broken down into those
that use 1) isozyme techniques, 2) those that employ chromo-
some techniques, and 3) recent ones employlng new DNA techni-

quess

Using the same source from 1978 on, another reference list was
prepared on gynogenesis and polyploidy. This also includes
works of theoretical and methodologic value.

Attention is further called to a bibliography on genetics and
hybridization of salmon using more traditional breeding appro-
aches.

Bibliographies are included as Appendix III; they serve, as
well as a reference source, to indicate research trends in
fishery and aquaculture research, and outside ©f it in areas
viewed as either of present or future importance to fish
breeding or to fishery and resource management.

RECOMMENDATIONS

The ICES Working Group on Genetics recommends,  without any
priorities, that:

1. Use of sex reversed males (producing spermatoza containing
only x-chromosomes) as broodstock is recommended for pro-
ducing all female populations for commercial salmonid

farming.

2. Further research into the application of the technique
of gynogenesis and polyploidy in fish farming should be

encouraged.

3. Basic research on new techniques for chromosome and gene-

th engineering of aquaculture species ‘should be encouraged.
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Influences of aquaculture activities on natural gene pools

should be carefully considered and, if possible, monitored.

Efforts should be directed to conserve the genetic varia-
bility providing the material of natural resources and

the future use of the latter for successful aquacultural
management.

Care should be taken when aquacultured fish (or other
animals) become released into natural environments to
avoid reduction of genetic variation within and between
populations due to adverse interactions within and between
different species, or loss of ecological balance. Use of
crossbreeds between wild and domestic stocks should be

considered in re-stocking programs.

Because of the complex and widespread problems involved,
basic and applied research groups should be established
on them, cooperating with aquaculturists to avoid poten-
tial negative effects as a consequence of too little in-
formations concerhing the different aspects of inter-

actions pointed out above.

Exchange of samples between laboratories and institutions
for comparative analysis of biochemical polymorphisms
should be encouraged to facilate interpretationhs of re-

sults obtained by different laboratories and for precise

‘recognation of the variability and its distributions.

The Working Group on Genetics should meet in St. Andrews,

Canada, in September 1984 to:

Conduct a workshop on influence of mariculture practices
on natural resource populations (i.e. sea ranching of
salmon, cod, shellfish). ‘
Prepare a list of institutes or laboratories within the
ICES member countries which keep fish or shellfish brood-
stock with details of the species or strains which are
maintained.

Consider further new approaches and results in aquaculture

genetics including genetic engineering.






APPENDIX I

CURRENT AND PLANNED GENETIC STUDIES RELATED TO MARICULTURE IN
THE ICES MEMBER COUNTRIES

This document incorporates material solicited from individuals
or groups in ICES member countries conducting studies in gene-
tics with particular reference to aquaculture. It updates
information solicited for the first meeting of the ICES Gene-
tics Working Group, May 12-14, 1981, in Copenhagen. It is
planned that this report be updated occasionally, incorpora-
ting any appropriate activities not mentioned this year and
new studies planned or started between such updates.

1. BELGIUM, No activities reported
2. CANADA

Canadian activities in the field of aquaculture genetics will
be presented in a separate report (F:18) for the Mariculture
Committee. In this report, compiled by R.L. Saunders, are
summarized research projects on salmonids, oysters and blue
mussels applying both traditional genetic methods and chromo-
some engineering methods.

3. DENMARK

No activities reported.

4, FINLAND

Finnish Game and Fisheries Research Institute
Fisheries Division .
P.O. Box 193, SF-00131 Helsinki 13, Finland

1) Rainbow trout breeding research programme
(011i Sumari, Liisa-Siitonen, Dan Linder, Ulf Lindstrdém and
Marja=-Liisa Koljonen)

The study is being performed in co=-operation with the Univer-
sity of Helsinki, Department of Animal Breeding.

In order to develop rainbow trout production in Finland, cen-
tralised selective breeding will be started in a few years time.
For this purpose, three preliminary experiments have been ar-
ranged in which genetic and phenotypic variation in production
traits and disease resistance in rainbow trout stocks and their
crosses have been studied. The results of the first experiment
will be published in Aquaculture (Linder et al.), the results

of the second one have just been analyzed, while the third is
still running. The study also includes electrophoretic analysis
of the stocks.



2) Sex-reversal research on rainbow trout
(Keijo Nyholm)

At Laukaa Fish Culture Research Station studies have been made
on the production of all female rainbow trout groups for com-
mercial fish farming. In experiments trout. fry have been fed
with feed containing sex hormones. Thus, males have been ob-
tained which have spermatozoa containing only x-chromosomes

in their milt. With this milt eggs from normal females have
been fertilized to produce all-female groups. The method and
its economic value are currently being studied on a commercial

scale.

5: FRANCE

A compehensive report was given in the 1981 report of the
working group. This year a short verbal report concerning
shellfish was given by H. Grizel. No written contribution
was given this year.

6. GERMANY, Democratic Republic of see

No activities reported

7. GERMANY, Federal Republic of ...

A short verbal statement was made by the German representative
at the meeting in Lowestoft.

8. ICELAND No activities

9. IRELAND (report by N.P. Wilkins)

QUANTITATIVE GENETICS

Salmo salar

A selection programme was commenced in 1981 with 10 separate
Salmo salar families reared at the Parteen Hatchery. 1In late
1982, after the fish had been transferred to sea~cages, this
brogramme was terminated due to unforeseen circumstances.
Individual families were mixed without distinguishing marks
in a single, large sea—-cage on termination. Parentsg may be
available as broodstock from this group in 1983, in which
case they will represent a founding population for the
production of Ffurther generations or fully domesticated
salmon for sea-cage culture. (G. Mahon, unpublished) .

In Autumn 1981 separate grilse and spring fish broodstock
populations were set up at Cong Hatchery Co. Mayo. The
"grilse" and "Spring fish" status of the adults was confirmed
by scale analysis. Grilse and spring fish offspring have
been reared separately at the hatchery until large enough

to be microtagged. Samples have been removed at monthly
intervals for morphometric analysis. A large percentage of
both groups will smoltify this year. Some will be ongrown

in sea-cages to maturity, whereas the majority will be re-
leased to sea. The proportions maturing as grilse and Spring
fish will be monitored in sea cages and in returning/recap-
tured ranched fish; suitable individuals will be used as
brood stock for further generations of cage culture and ranched
salmon at this hatchery. (M. Murphy, unpublished) .



Samples of the grilse and spring fish families are being reared
at a second hatchery. Performance of the various families
‘under the two hatchery regimes (in terms of growth rate in

F-W, subsequent growth rate in sea cages and proportions
maturing as grilse) is being compared at monthly intervals

and will be continued. (M. Murphy).

PHYSIOLOGICAL GENETICS

Studies are continuing on haemoglobin ontogeny in Atlantic
salmon. The development of the haemoglobin pattern, which
was previously shown to be more rapid in grilse than in non
grilse wild fish, has been studied in a group of siblings
reared together in fresh water, and then ongrown in sea cages.
In these fish the haemoglobin pattern developed more rapidly
in those individuals which became sexually mature soonest,
confirming the phenotypic association between early sexual
maturation and accelerated haemoglobin development. (Wilkins,
IN PRESS).

Work has commenced on cloning the salmon globin cDNA with a
view to identifying the globin genes and establishing their
homology to the g and non-g globins of other vertebrates.
Once suitable clones are available these will be used as
probes to investigate the switch controlling the expression
of the various globins in salmon. (F. Gannon et al. unpub-
lished) .

The occurrence of embryonic haemoglobin in yolk sac embryos
of Salmo salar has been observed. (M. Murphy & N.P. Wilkins
unpublished) .

SELECTION STUDIES

A survey was completed on breeding goals deemed important by
shellfish farmers. (Mahon 1983). It was not possible to
implement a proposed breeding programme in recent years.

PROJECTIONS

studies are continuing on the expression of the haemoglobin
genotype in Atlantic salmon reared in sea-cages. Artificial
alteration in the rate of expression using dietary additives
(e.g. Thyroid tissue) or parenterally administered substances
(e.g. Azacytidine) will be investigated. The genetic engi-
neering of salmon globin DNA will continue for a three year
period with funds provided by the National Board for Science
& Technology. (Gannon; Murphy; Wilkins).

The references are listed in Appendix IIXI.



0. NETHERLAND

No studies in genetis related to mariculture is carried out at
the moment, but genetic studies on carp and other freshwater
fishes are conducted by the organization Improvement Inland
Fisheries, Nieuwegein.

11. NORWAY

Experiments or quantitative genetics and selective breeding of
salmonids are carried out at two institutions in Norway ;

The Department of Animal Genetics and Breeding,

Agricultural University of Norway, Aa, and Institute of Marine
Research, Directorate of Fisheries, Bergen. The practical
experiments are carried out at research stations and at commer-—
cial fish farms. Mainly Atlantic salmon and rainbow trout are
concerned,

Breding experiments were started about 1970 to evaluate the
potential for selective breeding in salmonids. First the
genetic and phenotypic parameters for the traits of greatest
economic importance were studied. The results have demon-
strated that there excist a large genetic variation in growth
rate and age at sexual maturity; a moderate amount of genetic
variation in survival, resistance against disease, meat quality
characters and digestibility of food: and possibly a low genetic
variation in condition factor. Genetic variation in flesh pig-
mentation is indicated in rainbow trout.

Inbreeding and crossbreeding experiments have shown that some
non-additive genetic variation seems to excist. However, it is
still not clear what emphasize should be put on crossbreeding
in a future selection programme.

An extensive selection programme is carried out on Atlantic
salmon and rainbow trout by the Agricultural University at the
research stations at Sunndalsgra and Avergya and in cooperation
with several private fish farms. The base populations of At-
lantic salmon was sampled from 40 different Norwegian strains.
Each year about 200 full-gib families are tested from hatching
to maturation. Selection is based on individual performance
and records from full- and half-sib families. The following
characters are taken into consideration;

Growth rate prior to maturation, survival, meat guality and age
at maturation. For rainbow trout, the selection programme is
similar, and about 150 families are tested each year. The
progress made during the first years of selection is very pro-
mising.

Experiments on induced polyploidy to obtain steril salmon and
rainbow trout are also carried out at Sunndalsgra.

At the Institute of Marine Research, Bergen, similar experiments
have been carried out since 1971, although in a smaller scale.
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Due to IPN-virus in the material, the experiments had to be
discontinued and started again with new material in 1978. 1In
addition to programme for intensive fish farming purpose, a
- programme for genetic variation in survival and return rate

of sea ranched salmon has been planned for several years, but
until now only a small material have been tested for technical
reasons.

New experiments on measuring genetic variation in food utili-
zation (compared to food consumption) and variation in age at
maturation caused by non-linear regression between genetical
and environmental factors, are planned. Experiments with
utilization of sex reversal of salmon in commercial scale are
carried out by a private firm (A/S Mowi) .

12. POLAND

No information received
13. PORTUGAL

No activities

14. SPAIN

No activities

15, SWEDEN (report by L. Nyman)

A stated already in the 1981 Account the studies which are rele- .
vant to aquaculture practices on fish in this country are more

or less completely oriented towards salmonid fish. Two projects
are directly involved in aquaculture genetics, and as such listed
below, all others have aspects of both breeding pratices/"fish

farm selection" and studies on natural populations. The latter
type is listed in the first account of genetic studies on natural
populations.

Also in the 1981 Account it was mentioned that a Steering Committee
on Aquaculture had launched a large-scale program to evaluate
current constraints to aguaculture development in Sweden and

also give advice how future development within the total scope

of aquaculture should be formalized. In 1982 8 reports on the
various aspects of aquaculture were published and also a final
report summarizing the views of the Steering Committee. The
report summarizes the background, analyses and proposals of the
different groups which briefly can be divided into four major
areas: economy/marketing, administration/organization, research
and education. One of the reports deals entirely with aspect of
aquaculture genetics, and how population genetics theory may

best be integrated with breeding practices and the economy of
fish farme. It would carry too far to review all proposals in
this account, suffice it to say that the report of aquaculture
genetics and figh management procedures will be published in
English in 1983. I would like to suggest that this report should
be scrutinized by ICES Working Group on Genetics.
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A new Fish Research Station for salmonids will start to operate
in 1983. Research will involve a strong aguaculture genetics
component in relation to the management of natural stocks and
responsibility for project coordination lies with the Institute
of Freshwater Research, Drottningshojlm. Project 2 below will
largely take place there, and so will some of the projects
listed in the 1983 Account of research on natural populations.
In conjunction with the formal opening of the research station
the Nordic Council's Group on Gene Bank Cooperation on Fish will
hold its annual meeting.

70 e i oo B e e o e e e e co e S G e

Project 1) Calculation of genetic parameters for economically
important qualities in fish stocks derived from the
Swedish Salmon Research Institute

Project Head: Bengt Larsson, Swedish University og
Agricultural Sciences, Department of Animal Breeding
and Genetics, $=750 07 Uppsala, Sweden

To be terminated in 1983

Project 2) Sstudies on the genetic variation in growth rate at
different temperatures in rainbow trout

Project 3) Project Head: Susanne Sylven and Bengt Larsson,
address same as above

The first phase of the project runs from 1982 to 1984, and it
is hoped that financial support for the continuation of the
project will be granted even beyond 1984,

The experimental parts of the projects will be located at the
Fish Research Station in Kilarne in a cooperation with the
National Board of Fisheries, wereas data processing will take
place at the Agricultural University.

16. UNITED KINGDOM

A report was compiled by C. Purdom in the 1981 Working Group
report. This year a verbal account was given by C. Purdom,
and more specifie report on various aspects of chromosome
engineering was given at the workshop, se p. 8 in the report,

17. USA

An account of studies on agquaculture genetics and genetics
of natural and stocked populations, prepared by A. Longwell,
will be presented as a separate report for the Mariculture
Committee (F:11).

18. USSR

(Cited from the Administrative Report from Mariculture Committee)

To rise the productivity of fish cultivated in sea cages long-
term selection in a number of generations and intraspecific
breeding are under way to create new breeds of sturgeons and
salmons.
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In 1982 special attention was paid to studies of three gene-
rations of bester of the second crossing. Selection works were
aimed at the reestablishment of genetic balance broken as the
result of interaction of parent genoms contrasting by many
sighs. Significant variations in the viablility and occurrences
of abnormalities of embryonic mitosises in the progeny of
spawners of the second crossing, the existence of normal indi-
viduals from the genetic point of view makes selection studies
promising.






APPENDIX II

CURRENT AND PLANNED GENETIC STUDIES RELATED TO MANAGEMENT OF
NATURAL POPULATIONS IN ICES MEMBER COUNTRIES

This is a-first account on activities concerned with genetics of
natural populations in the ICES member countries. The material

is collected from individuals or groups within each country and
compiled by the national Working Group members, or by the national
delegates from countries not represented in the Working group.

1. BELGIUM
No activities reported
2. CANADA

Canadian activities in the field of aquaculture genetics are
presented in a separate report (F:18) for the Mariculture
Committee. This report, compiled by R.L. Saunders, also contain
some information on genetic studies on natural and naturalized
fish populations.

3. DENMARK

No activities are reported. (At the 70th Statutory Meeting in
Copenhagen 1982 a comprehensive report was presented for the
Demersal Fish Committee on genetic variation of cod in Danish
waters. (Moth =Poulsen, T. "Genetic variation of cod from the
Danish Sound. Inter-relations of stocks from adjacent waters")).

4. FINLAND

Finnish Game and Fisheries Research Institute, Fisheries Division,
P.0O. Box 193, SF=00131 Helsinki 13, Finland

1) The genetic differentiation and the amount of genetic vari-
ation was investigated in Finnish natural and cultivated Atlan-
tic salmon (Salmo salar) populations using electrophoresis of
enzymes. Eight enzymes were studies over all populations
(representing 20 loci) GOT, IDH, LDH, ME, MDH, PGI, PGM and
SDH. The study included six populations, two natural popula-
tions, two hatchery stocks and two populations reared from na-
tural roe. The following loci were found to be polymorphic:
Got=3, Mdh-3, Me=-2, Pgm-1, Idh-2 and Sdh-=1. The most homozy-
gotus population was the Saimaa landlocked salmon. The project
is being performed in co-operation with Department of Genetics,
University of Helsinki.

2) The electrophbretic study of the genetic structure of Arctic
char populations in Finland (Marja-Liisa Koljonen)

For the time being two populations have been studies using
fifteen enzyme systems. The study is being performed in co-
operation with ISACF (an international society for studies on
Arctic char species).

University of Joensuu, Department of Biology,
P.0O, Box 111, SF-=80101 Joensuu 10, Finland
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A research group in Joensuu is currently investigating the
following:

1) Biochemical characterisation of some rainbow trout strains
farmed in Finland.

2) Loss of genetic variation during artificial propagation.
A study concerning one brown trout stock has been made.

3) A biochemcial method was developed to identify salmon,
trout and their hybrids with live fish.

4) Stock identification of Coregonids. This large project
includes the measurement of total genetic variability of
some freshwater Coregonids with studies concerning their
phylogeny and taxonomic status, genotype environment inter-
actions and inheritance of protein systems.

(Further information from Jukka Vuorinen)

Abo Akademi, Department of Biology,
Porthansgatan 3, SF-20500 Turku 50, Finland

Genetic differentiation in Coregonus lavaretus s. lat. popula-
tion in Finland (Mikael Himbergq)

Tissue, serum and plasma proteins have been studies in different
Finnish whitefish forms. Three methods have been tested: '
agarose and starchgel-electrophoresis and isoelectrical focusing.

21 enzymes and 3 proteins of non-enzyme character have been
test-screened by starch gel -electrophoresis.

Five proteins (Est, LDH, ADH, Alb, Tf) have been studies in
510 whitefish specimens, including 8 sea-spawning whitefish
populations from the Gulf of Bothnia (Ii, Hailuoto, Kalajoki,
Oja, Vals&rna, Molpeh&ller, Lokalahti and Box6, Saltvik), and
3 river-spawning whitefish populations (Kemi-, Ii and Oulu
rivers). Total proteins and esterases (liver) have been
studied in 18 fresh water populations comprising different
whitefish forms.

Work in progress: Genetic differentation in sea-spawning and
lake and river populations of Coregonus lavaretus jg being
studied by considering further enzyme loci.

University of Kuopio, Department of Zoology
P.O0. Box 138, SF-70101 Kuopio 10, Finland

Cytogenetic studies on the chromosomes of salmonid fish
(Tuula Palva)

Mainly cultured leucocytes are used to produce high quality
metaphases for karyotype studies. To check intra-individual
and embryonic variation in karyotype morphology, fibroblast
cultures form different tissues are also established. The
chromosomes are then subsequently treated using different
staining technigques (C-=, G-, R=-, Q=-stainings). This allows
the identification of individual chromosome pairs and homo-
logus segments. Meiotic studies have also been started. The
studies are carried out on both natural and hatchery popula-
tions of Salmo salar, 5. gairdneri, S. trutta and Salvelinus
fontinalis., Hybrids betwwen salmonid fish are also included
in the study.
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University of Helsinki, Department of Genetics,
P. Rautatiekatu 13, SF-00100 Helsinki 10, Finland

1) Genetic structure of Macoma baltica (Bivalvia) in the
Baltic (Sirkka-Liisa Varvio-Aho and Risto Vdindld

Gene and genotype frequency differences among populations on
different geographical scales and among age-classes within
populations are examined at three enzyme loci.

2) Geographical pattern of allozyme variation in Baltic Sea
populations of Mytilus edulis (Risto Vdin{ld)

3) Genetic differentation in populations of Mysis.relicta and
other glacial relict crustaceans (Risto VaindlE)

4) Morphological and electrophoretical variation of Hydrobia
ulvae, H. ventrosa and Potamopyrgus jenkisi in the northern.

Baltic Sea (Irma Saloniemi)

5. FRANCE

No written contribution was given this year, but the 1981 report
give some information on genetic studies on natural fish and
shellfish populations.

6. GERMANY, Democratic Republic of ...
No information
7. GERMANY, Federal Republic of ...

A short verbal statement was given by Prof. Villwoch at the
meeting in Lowestoft.

8. ICELAND (information by Jén Jénsson)

A program on polymorphism in blood proteins of fin and sei
whales were started in 1971 and continued in 1981, then inclu-
ding also some tissue enzymes. Collection of samples will
continue also in 1983. :

The aim of this study is twofold:

a) To search for polymorphism for population and species
comparison.
b) To compare tissues regarding isoenzyme patterns.

The following polymorphic systems were found: pre-alb 2, CA
like esterases and GPT. When population data were provided
with ten years intervals (1971 and 1981) no significant differ-
ences in gene frequencies were found.



9. IRELAND (report by N.P. Wilkins)

BIOCHEMICAL GENETICS

Salmo salar

Samples of more than 100 salmon parr from rivers in Ireland,
Norway and Canada have been analysed electrophoretically at
five polymorphic loci (Idh-3, Aat -2, Me -2, Mdh -3 and Sdh-1) .
The rivers were the Muster BlackwSiter, Bgndon, Cgrrowniskey,
Burrishoole and Moy in Ireland; the Alta in Norway and the

N.W. Mirimichi and Salmonier in Canada. The results can be
expressed in terms of Nei's genetic distance as follows:-
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It can be seen that salmon from rivers in Newfoundland and New
Brunswick are very closely related. Riverine populations

from southern Ireland and northern Norway are also fairly
closely related, whereas a population from the Baltic is only
distantly related to either of the eastern Atlantic popula-
tions. Finally, it is clear that a major dichotomy excists
between salmon from eiter side of the Atlantic. (T. Cross

in Salmon Research Trust for Ireland, 1982 and IN PRESS; Cross
& Healy 1983).

The genetic effects of hatchery rearing on Atlantic salmon

were also investigated at enzyme gene loci. Six polymorphic
enzyme loci were examined electrophoretically in a sample of
wild Atlantic salmon smolts from the Burrishoole river in
western Ireland and in samples of artifically-reared fry
hatched in 1981 and parr hatched in 1979. These hatchery
reared fish were the progeny of five generations of artifically
reared sea ranched salmon which had originally come from the
Burrishoole river. Selection for growth and disease resi-
stance was practised and between ten and 30 females and similar
pumbers of males were used as parents in each generations. Gene fre-
quencies differed significantly at a number of loci between

the wild and the artifically reared samples. Erosion of
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genetic variability, as measured by mean heterozygosity and mean
number of alleles over the six loci, was evident in both hatc-
hery reared samples. It is argued that the observed genetic
changes are caused by founder effects and genetic drift rather
than selection by some aspects of the artificial rearing regime.
The importance of using_  adequate numbers of parents in hatc-
hery rearing is stressed, since it is shown that differences
between wild and reared populations are as great as between
natural populations from Irish rivers. (Cross & King 1983).

Brown and Sea trout Salmo trutta

The aim of this study was to determine whether differences
excist in allele freguencies at polymorphic loci between the
non-migrating brown trout and the anadromous sea trout of a
single river system. Samples of both kinds of trout were
obtained from the L. Feagh/Burrishoole river system and were
analysed at 10 polymorphic and seventeen monomorphic loci.

No significant differences in allele frequencies were observed
at any of the polymorphic loci, suggesting that the two forms
do not represent distinct gene pools within this river system
(T. Cross in Salmon Research Trust for Ireland 1982).

Eels

A comparison of allele frequencies and genotype proportions
in glass eels, freshwater eels and permanent shore resident
eels is in course of completion. Since all European eels
are thought to originate from a single panmictic population,
any local genetic differences must reflect differential sur-
vival of genotypes. Preliminary results indicate little
genetic difference between the local populations investigated.
Allele frequencies agree well with those reported for other
European populations. The results suggest that genotypes at
the loci investigated do not contribute significantly to
selective survival in differing environments. (A. Nolan un-
published) .

Molluscs

European oyster, Ostrea edulis

Literature research into the histoxry of oyster transplantations
among Irish oyster beds has revealed extensive artificial
mixing of native stocks. Throughout the last 100 years, native
oyster beds, both private and public have seen restocked with
large numbers of oysters transplanted from Irish and foreign
populations, so that a true native Irish oyster can no longer
be said to excist. Because local oyster stocks in Ireland are
distinguishable from one another on phenotypic characteristics,
starch gel electrophoresis was used to test for genotypic
differences between them. Allozyme patterns at 4 polymorphic
and 5 monomorphic loci indicated that some genetic differences
do excist, but these were small compared with differences
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previously reported between Irish and Norwegian stock. They
were certainly not large enough to warrant the claim that the
populations represent real genetic strains or races. The
results were regarded as having relevance to policies concerned
with restocking and the conservation of locally adapted stocks.
(Magennis et al 1983).

Japanese oyster ,Crassostrea gigas

The most resently completed genetic studies on Crassostrea
gigas report very little reduction in genetic variability after
a number of generations of hatchery production of this Species.

Genetic variability was analysed at 19 enzyme loci in a hatc-
hery produced population available in Ireland. These oysters
were the descendants of approximately 150 adult C. gigas im-
ported from British Columbia into the Shellfish Culture Unit,
Conwy (N. Wales) between 1965 and 1972; they form the basis

of the breeding populations used by commercial hatcheries in
Britain to-day. Levels of genetic variability calculated as
polymorphism, mean heterozygosity and mean effective number of
alleles per locus were 0.526, 0.176 and- 1.41 respectively and
compare very favourably with values observed by other workers
for wild populations of this species from Japan and N. America.

In general, loci that were observed as being monomorphic in
natural populations of C.gigas were also found to be monomor-
phic in the hatchery oysters. Loci which were weakly polymor-
phic in natural populations were observed to be monomorphic

in hatchery oysters and loci at which three or more alleles
were segregating in wild populations were as genetically vari-
able in the hatchery stock. However, the Pgi locus - observed
to be highly variable in wild populations of C.gigas - was
completely monomorphic in the hatchery stock. Selective
advantage of the single Pgi allele under hatchery conditions
was thought to be a possible reason for this. Significant
deficiencies of heterozygotes were observed at three loci
(Pgm-1, Pgm=-2 and Acph-3). It was considered that such de-
ficits are probably due to selective forces acting, not on
these loci themselves, but at associated loci on the same
chromosome. (Gosling 1982).

Blue mussels Mytilus edulis

Biochemie¢al genetic studies are continuing on raft cultured
Mytilus edulis at Killary Harbour, West of Ireland.

In common with many other species, mussels exhibit small de-
ficits of heterozygotes at a number of enzyme gene loci.

The cause and significance of these dificits is of interest,
especially in view of reports that heterozygosity may be
positively correlated with economic traits in some shellfish.
The Wahlund Effect, arising from the mixing of individuals
of genetically differing demes is one possible explanation
for the observed deficiencies. The presence of two or more
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distinct populations has been ruled out in Killary Harbour.

By sampling single year classes it has further been established
that the heterozygote deficits do not reflect the mixing of
differing year classes in samples analysed. Studies still
underway indicate that small deficits are evident even within

a cohort settling within discrete periods (1-2 weeks). Genetic
differences among differing settling cohorts are currently
being investigated; preliminary results indicate that cohorts
settling early and late within a single settling season exhibit
differing allele frequencies at the loci investigated.

(Gosling & N.P. Wilkins unpublished).

Scallops Pecten maximus and Chlamys varia

Genetic variability at enzyme loci in Pecten maximus is curren-
tly under investigation with a view to its use in the study of
differential viability of genotypes (see below under "pro-
jections"). (E. Gosling & N.P. Wilkins unpublished) .

The occurrence of heat-sensitive electromorphs at the Pgi and

Pgm loci in P. maximus and C. varia is.currently being documented

for use in studying geographic variation in heat .sensitivity
(see below under "projections"”). (E. Moynihan & N.P. Wilkins
unpublished) .

CHROMOSOMAL GENETICS

Blue mussel Mytilus edulis

Chromosomal preparations were made with cell suspensions from
gill tissue of spat. A diploid number of 28 confirmed previous
reports. Karyotypes were prepared from 4 cells from each of
three individuals. Each cell contained 6 metacentric chromo-
some pairs and a variable number of submetacentric and subte-
locentric pairs. The presence of subtelocentric pairs was
related to the overall degree of contraction of chromosomes

in the cell. (Moynihan & Mahon 1983).

Other species

The diploid number of 20 was confirmed!in 33 cell counts from 7
individuals of the Eurcpean oyster ,Ostrea edulis. The karyotype
comprised 5 metacentric and 5 submetacentric pairs. (E. Moyni-
han, unpublished) .

In the Pacific oyster, Cressostrea gigas , the diploid number of
20 was confirmed in 26 cell counts from 4 individuals. The
karyotype consisted entirely of metacentric chromosomes.

(E. Moynihan, published).

The diploid number of 38 was confirmed in 21 cell counts from
7 scallop,P. maximus,individuals. The chromosomes were mainly
telocentric and subtelocentric. (E. Moynihan, unpublished).




PROJECTIONS

Salmonids f

Investigations will commence in Summer 1983 on the expression
of the haemoglobin genotype in the European eel A. anguilla
and its modification by artificial means. (Wilkins) .

Biochemical genetic investigations of Atlantic salmon popula-
tions from Ireland, Iceland, Scotland, and from the high seas
fishery at Faroe Islands will be continued. (Cross) .
Analysis of allele frequencies in sea trout and brown trout
are continuing (Cross).

Shellfish

Studies on the allele frequencies of early and late settling
cohorts of Mytilus edulis will continue. Where possible,
differing cohorts will be ongrown in various areas to deter-
mine whether post=larval survival is the same for all geno-
types in the wild. (Gosling & Wilkins).

Studies on commercially important species will continue under

the aegis of the proposed C.0.S5.T. - 41 action (Selected

research in Aquaculture) as follows:-

(i) Coordination of research on biochemical genetic variation
in natural populations

Biochemical genetic variation in commercially important crusta-
cean and molluscan species in currently being investigated
independently at six centres, at least, in five European
countries, e.g. Galway, Ireland, and Brest, France. In many
instances the same species are under investigations at the
different centres.

Standardisation of methodologies and gene nomenclature will
greatly facilitate the comparison of gene frequencies in
geographically separate populations of widespread species
like oysters and mussels or in cohorts of hatchery produced
stocks raised in different localities. Such standardisation
and comparison testing is routine in all biochemical genetic
studies on domestic livestock and cultivated plants. Coordi-
nated action in this area may result in a better understanding
of the distribution of biochemical genetic variants in diff-
erent populations, their role in ecological adaptation and
their possible value for artificial rearing.

(ii) Concerted researeh on the gentics of temperature sen-
sitive enzymes in molluscs and crustaceans

In all species which have been adequately examined heat-sen-
sitive and heat-resistant forms of various enzymes have been
shown to be genetically inherited and in some cases the fre-
quency of heat sensitive forms varies geographically. In this
action is proposed that participating laboratories throughout
Europe monitor the occurrence of heat sensitive forms of
specific enzymes in named species to determine whether their
frequency varies between populations in colder northern waters
and warmer, southern waters. Many genera of molluscs have
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characteristic northern and southern species in Europe (e.g.
Mytilus edulis and M. galloprovincialis, Patella vulgata and
P. aspera) or species with temperature-related physiological
races l(e.g. the oyster Ostrea edulis). It is of interest to
determine whether the frequencies of heat-sensitive enzymes
differ in these natural populations distributed from the far
north to the Mediterranean sea. Since the conditioning pro-
cess leading to sexual maturation in hatcheries involves ele-
vated temperature regimes, and since the cultivation of
agqéatic organisms in heated effluents is frequently proposed,
the results of this concerted action may have significance
for mariculture practice, as well as leading to a better
understanding of the distribution of genetic variation in
natural populations. The comparison of Mediterranean and
Adriatic populations with those from Northern Europe will be
particularly interesting.

(iii) Concerted research on gene-environment interaction in
commercially important species

The detection of genetic variability in natural and hatchery
populations of cultivable species is the first step in

genetic management. The significance of the observed genetic
variation in the survival, growth, reproduction and general
performance of individuals or populations should be experi-
mentally assessed before strategies are devised to improve
stocks. Studies on the changes that occur in gene and geno-
type proportions in cohorts of natural or hatchery produced
spat laid out and on-grown in different habitats or localities
may indicate the importance to be attached to differing geno-
types. For example, spat of the scallop Pecten maximus, deri-
ved from a single populations in Ireland, are now being on-
grown at a number of sites within and outside Ireland. Since
the initial spat for all these sites were derived form a
single year-class of a single populations, any genetic differ-
ences observed between the introduced growing stocks at
different localities will reflect differing genotype=-environ-
ment interactions. Studies such as these on Pecten maximus
can be extended to other commercial species such as Ostrea
edulis, Crossostrea gigas, C. angulata and Mytilus edulis,

and the results correlated with differing rearing and on-
growing procedures.

The references are listed in Appendix III.
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10. NETHERLAND No activities reported
11. NORWAY

At Institute of Marine Research, Bergen, population genetics
studies on fish were started in the early sixties. Blood

groups in cod, Gadus morhua, and blood protein polymorphism
in cod, herring, Clupea harengus, and sprat, Sprattus sprattus, -
were identified and utilized for studies on population struc-
ture of these species. Enzyme polymorphism was used in a few
cases. This work terminated in 1971 for capasity reasons.

In 1978 similar work was started again, this time with the
main emphasize on starch gel electrophoresis of tissue enzymes.
Mainly herring and cod samples have been analyzed with the ainm
of closer investigation of the population structure of these
important commercial species in middle and northern Norway.
Part of the analyses are based on fertilized eggs, newly hat-
ched larvae and postlarvae. This work probably will continue
although the financial support is somewhat uncertain. This
year mainly cod samples are analyzed.

At the University of Trondheim electrophoretic studies on
tissue enzymes and hemoglobins have been carried out for seve-
ral years, with the aim of studying the population structure
of cod in a single fjord system and the mechanisms of balan-
cing the polymorphic systems. This year a study is started on
population structure and phylogenetic relationship between
different species of gadoids and platessoides. Also a pro-
gram on electrophoretic (electrophocusing) identification of
fish eggs (mainly gadoids) are running,

At the University of Tromsg preliminar genetic analyses of
capelin Mallotus villosus, and halibut, Hippoglossus hippo-
glossus, have been undertaken.

At the University of Oslo population genetics of invertebrates,
mainly krill, have been carried out for some years.

12. POLAND

No information received
13. PORTUGAL

No activities

14. SPAIN

No activities



- 11 -

15. SWEDEN (report by L. Nyman)

Genetic studies on fish populations in Sweden are primairly
aimed at salmonid species. Major emphasis is on using electro-
phoretically detectable protein polymorphisms to study the
amount of genetic variation in natural populations. Identifi-
cation of populations and sibling species is imperative for
conservation and management considerations of endangered stocks
used in large-scale stocking operations. It is also of great
importance to assess the genetic effects of fish farming prac-
tices. This problem has a dual aim. First we should consider
the short- and longterm effects of using a limited number of
parents for stock propagation, secondly the impact of gene fre-
guency perturbations caused by the unnatural selection of a
fish farm environment should be assessed. Most of the projects
listed are unfortunately of short duration, because of the
current policies of research councils. All scientists listed
below who are carrying out research on salmonid fishes are
members of the Wild Salmonid Watch. Also, project 2 below is
an integrated part of ISACF (an international society for
studies on Arctic char species).

Project 1) Evaluation of current breeding practices on popula-
tion and gibling species characteristics of Arctic
char

Project Head: Rolf Gydemo and Lennart Nyman, Insti-
tute og Freshwater Research, $-170 11 Drottning.
holm, Sweden

Funding: Institute of Freshwater Research
Duration: commenced in 1982

Project 2) Evaluation of the genetic and ecological characteri-
stics of the Arctic char species complex in the
northern hemispere

Project Head: Rolf Gydemo, Johan Hammar and Lennart
Nyman, Institute of Freshwater Research, Drottnings-
holm

Funding: Institute of Freshwater Research
Duration: commericed in 1964

Project 3) Ecological and genetic characteristics of Arctic
char populations in the country of J&mtland - with
special emphasis on populations in regulated water
systems

Project Head: Johan Hammar and Lennart Nyman, Insti-
tute of Freshwater Research, Drottningsholm

Funding: Institute of Freshwater Research
Duration: commenced in 1976 (?)

Project 4) Evaluation of technigues suitable for population
research on Arctic char, grayling and brown trout
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Project Head: Hdkan Jansson, Department of Genetics,
University of Uppsala, S-750 07 Uppsala, Sweden, and
Rolf Gydemo, Institute of Freshwater Research

Funding: no formal support
Duration: commenced in 1983

Project 5) Genetic variation in natural populations (This pro-
ject contains several sub-projects, some of which
are related to fish others to moose and red deer)

Project Head: Nils Ryman and Olof Leimar, University
of Stockholm, Institute of Genetics, Division for
population genetics, P.O. Box 6801, S-113 Stockholm,
Sweden

Funding: National Science Research Council
Duration: grant terminated June 30, 1983

Project 6) Identification and conservation of genetic resources
in salmonids

Project Head: Nils Ryman and Gunnar Stahl, address
same as above

Funding: Research Council of the Environment Pro-
tection Board
Duration: grant terminated June 30, 1983

Project 7) Population structure of European perch and fourhorn
sculpin and population dynamics in a heavy metal
pollution gradient

Project Head: Nils Ryman and ULf Gyllensten, address
same as above

Funding: Research Council of the Environment Pro-
tection Board
Duration: grant terminated June 30, 1983

16. UNITED KINGDOM

No written contribution is given. Verbal information on studies
on biochemical genetics of marine species (mackerel, cod etc.)
was given by A. Jamiesen at the meeting in Lowestoft. These
studies are carried out at the Fisheries Laboratory Lowestoft.

17. USA

An account of studies on genetics of natural and stocked popul-
ations together with aquaculture genetics, will be presented as
a separate report to the Mariculture Committee (F:11, by Arlene
Longwell) . '

18. USSR

No information
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BIBLIOGRAPHY
PAPERS RELEVANT TO UNDERSTANDING GENETIC STOCK STRUCTURE

AND GENETIC MANAGEMENT IN THE FISHERIES

Largely collected from Genetics Abstracts from 1978 on. Papers on non-aquatic

species cited when these have a methodologic or theoretical bearing on aquatic

or resource problems. Institutional affiliation and country of authors identi-

fied for most citations.

The assistance of J. Choromanski, National Marine Fisheries Service, Milford

(Connecticut) Laboratory, in compiling this list is acknowledged.
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DNA Restriction Endonucleases and Hybridization Analyses as a Means of Discerning
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Theoretical background

Methodology

App]ications to fish

Application to human and pfimate studies
Application to other mammalian studies
Application to birds

Application to plants



I1SOZYME VARIATION

Theoretical and Procedures

Genetic variability and rate of gene substitution in a finite population under mutation
and fluctuating selection. Takahata. National Institute of Genetics, Japan. Genetics
98, 427-440,~June 1981.

The inbreeding effective popu1ation numbervand the expected homozygosity. for an X-1inked
locus. Nagylaki. University of Chicago. Genetics 97, 731-737, March/April 1981.

Statistical studies on protein polymorphism in natural populations. I11. Distribution
of allele frequencies and the number of alleles per locus. Chakraborty et al. University
of Texas at Houston. Genetics 94, 1039-1063, April 1980.

A relationship of genetic variation within and among populations: an extension of the
Kluge-Kerfoot phenomenon. Pierce & Mitton. University of Colorado. Syst. Zool. 28(1),
63-70, 1979.

Mutational process and microevolution. Go1uboVsky.‘ Institute of Cytology and Genetics,
USSR. Genetica 52/53, 139-149, 1980.

Mutation rates, population sizes and amounts of electrophoretic variation of enzyme loci
in natural populations. Souros. Dalhousie University. Genetics 92(2), 623-646, 1979.

The sensitivity of gel electrophoresis as a detector of genetic variation. Ramshaw
et al. Harvard University. Genetics 93, 1019-1037, December 1979.

Genetic divergence between rodent species assessed by using two-dimensional electrophoresis
Aquadro & Avise. University of Georgia - Athens. Proc. Natl. Acad. Sci. 78(6), 3784-3788,
1981.

The ESD polymorphism: further studies of the ESD2 and ESD5 allele products. Olaisen
et al. Human Genetics 57, 351-353, 1981.

Polymorphism and loss of duplicate gene expression: a theoretical study with application
+- tetraploid fish. Takahata & Maruyama. National Institute of Genetics, Japn. Proc.
hatl. Acad. Sci. 76(9), 4521-4525, 1979.

Genetic basis of creatine kinase isozymes in skeletal. muscle of salmonid fishes. Utter
et al. National Marine Fisheries Service - Seattle. .Biochem. Genet. 17 (11/12), 1079-
1091, 1979. ' ‘

Rate of gene silencing at duplicate loci: a theoretical study and interpretation of data
from tetraploid fishes. Li. -University of Texas Health Science Center - Houston.
Genetics 95, 237-258, May 1980.

Conservation of fish populations in Norway. Gjedrem. Agricultural University of Norway.
Ecol. Bull. Stockholm 34, 33-36, 1981.

' Molecular Biological Mechanisms of Speciation. Rose & Doolittle. Dalhousie University,
Science 220, 157-162, 1983. ~

Crop germplan conservation and developing countries. Plucknett et al. International
Agriculture Research, World Bank, Washington, D.C. Science 220, 163-169, 1983.



Calculation of indices of genetic distance, genetic similarity, and average homozygosity:
correction of Green's computer program. Hillis and Cannatella. University of Kansas.
Journal of Heredity 74, 115, 1983.

Population genetics. Wallace. Columbia University. Columbia University Press. Journal
of Heredity 74, 130-131, 1983. Review of book. :

Genetic analysis of isocitrate lyase enzyme activity levels in maize lines selected
for high or low o0il content. Tsaftaris and Scandalios. North Carolina State University.
J. Hered. 74, 70-74, 1983.

Genetic variability in species with extensive gene duplication: the tetraploid catostomid
fishes. Ferris & Whitt. University of California at Berkeley. Am. Nat. 115(5), 650-666
1980. ‘ c

BIOSYS-1: a Fortran program for the comprehensive analysis of é]ectrophoretic data in
population genetics and systematics. Swofford and Selander. University of Itlinois -
Urbana. J. Hered. 72, 281-283, 1981. ‘

Testing genetic models of isozyme variability without breedihg data: can we depend on t.
x2? Fairbairn and Roff. Northwest Atlantic Fisheries Center.. Can. J. Fish. Aquat.
Sci. 37, 1149-1159, 1980. :

The applicability of the Hardy-Weinberg principle in the study of populations. Schaap.
Hadassah-Hebrew University Medical Center. Ann. Hum. Genet. 44(2), 211-215, 1980.

Exact significance levels of goodness-of-fit tests for the Hardy-Weinberg equilibrium.
Haber. Memphis State University. Hum. Hered. 31, 161-166, 1981.

A BASIC computer program for calculating indices of genetic distance and similarity. Green.
University of Guelph. J.Hered. 70(6), 429-430, 1979.

Testing for Hardy-Weinberg equilibrium. Ledwina & Gnot. Biometrics 36(1), 161-165, 1980.

Analyses of mouse and Drosophila proteins by two-dimensional gel electrophoresis. Lee
et al. Mol. Gen. Genet. 176(3), 303-311, 1979.

Identification and genetic monitoring of rat inbred strains using esterase mobility by
polyacrylamide disc electrophoresis. Lindena & Gartner. Folia Biol. 24(6), 400-401,
1978. ,

Genetic variability in the pelagic environment: a paradox. Ayala & Valentine. University
of California. Ecology 60(1), 24-29, 1979.

Genetic distance between populations. Part 3. Wahlund's principle as related to genetic
distance and an application. Hattemer. Theor. Appl. Genet. 62(3), 219-223, 1982.

Marine Fish
Biochemical genetic analysis of population differentiation in Greenland halibut (Reinhardius

‘hippoglossoides) from the Northwest Atlantic, Gulf of St. Lawrence and Bering Sea. Fair-
bairn. Can. J. Fish. Aquat. Sci. 38(6), 669-677, 1981. :

-~



stock definition in Atlantic herring (Clupea hargengus harengus): genetic evidence for
discrete fall and spring spawning populations. Kornfield et al. University of Maine at
Orono. Can. J. Fish. Aquat. Sci. 39(12), 1610-1621, 1982.

Inheritance of allozymes in Atlantic herring (Clupea harengus harengus). Kornfield et al.
University of Maine. Can. J. Genet. Cytol. 32, 715-720, 1982. T

Electrophoretic analysis of Antarctic fish from South Georgia. Anderson. Anim. Blood
Groups Biochem. Genet. 13(1), 11-18, 1982.

Genetic variation in Atlantic cod (Gadus morhua L.): aquantitativeestimate from a Norwegia
coastal population. Mork et al. University of Stockholm. Hereditas 96, 55-61, 1982.

LDH gene frequencies in cod samples from two locations on the Norwegian coast. Mork et al.
J. Cons. Int. Explor. Mer. 39(1), 110-113, 1980. T

Protein variation in the p1aice, dab and flounder, and their genetic relationships. Ward
& Galleguillos. University College of Swansea. In: Marine organisms genetics, ecology
and evolution. Battaglia and Beardmore (eds). Plenum Press, New York, 71-93, 1978.

benetic tags applied to the European hake, Merluccius merluccius (L.). Mangaly & Jamieson.
Anim. Blood Groups Biochem. Genet. 9, 39-48 , 1978. R

Genetic diversity of skipjack tuna in the Atlantic, Indian and Pacific Oceans. Fujino’
et al. Bull. Jap. Soc. of Sci. Fish. 47(2), 215-222, 1981.

Lactate dehydrogenase: a polymorphism of Anop1afchus purpurescens: Geographic variation
in central California. Sassaman & Yoshiyama. University of California - Riverside.
J. Hered. 70(5), 329-334, 1979.

Genetic tags in the New Zealand hoki Macruronus novaezelandiae. Smith et al. Anim.
Blood Groups Biochem. Genet. 12(1), 37-45, 1981.

Enzymatic survey of four populations of Afherina boyeri based on electrophoresis and
the occurrence of a microsporidiosis. Berregi & Britton-Davidian. J. Fish. Biol.
16(2), 149-157, 1980. .

Genetic difference in growth between full-sib groups of a maternal half-sib family
. served in the juvenile stage of red seabream and Nibe-croaker. Taniguchi et al.
Kochi University. Bull. Jap. Soc. Sci. Fish. 47(6), 731-734, 1981.

The extended series of Tf alleles in At]éntic cod, Gadus morhua L. Jamieson & Turner.
M.A.F.F. Fisheries Laboratory, Lowestoft, U.K. In: Marine Organisms, 699-729, 1978.

Shellfish

Biochemical studies of aminopeptidase polymorphism in Mytilus eduiis. II. Dependence
of reaction rate on physical factors and enzyme concentration. Koehn & Siebnaller, State
University of New York, Stony Brook. Biochem. Genet. 19(11-12), 1143-1162, December 1981.

Ecological genetics of the mussels Mytilus edulis and M. galloprovincialis on Irish
coasts. Gosling & Wilkins. National University of Ireland. Marine Ecology - Progress
Series 4, 221-227, 1981.

Genetic differences and environments of mussel populations in the Maritime Provinces.
Gartner-Kepkay et al. Can. J. Fish. Aquat. Sci. 37, 775-782, 1980.



Population genetics of the family Ostreidae I. Intraspecific studies of Crassostrea
jgas and Saccostrea commercialis. Buroker et al. University of Maryland. Mar. Biol.
54(2), 157-169, 1979. :

Population genetics of the family Ostreidae. II. Intraspecific studies of the genera
Crassostrea and Saccostrea. Buroker et al. University of Maryland. Mar. Biol. 54(2),
171-184, 1979.

Electrophoretic variants of adductor muscle proteins in Crassostrea gigas. Torigoe.
Hiroshima University. Venus 37(4), 241-244, 1978.

Electrophoretic investigation of systematic relationships in the marine mussels Modiolus
modiolus L., Mytilus edulis L. and Mytilus galloprovincialis Lmk. (Mytildae: Molusca}.
Skibinski et al. University College of Swansea. Biol. J. Linn. Soc. Lond. 13(1),
65-73, 1980. :

Selective advantage of heterozygotes at catalase locus in the Pacific oyster Crassostrea

3

gigas. Fujio et al. Tohoku University. Jap. J. Genet. 54(5), 359-366, 1979.

Population genetics of penaeid shrimp from the Gulf of Mexico. Lester. University of
Houston. J. Hered. 70(3), 175-180, 1979.

Geographic differentiation of eastern Australian penaeid prawn populations. Mulley &
Latter. University of Sydney. Aust. J. Mar. Freshwat, Res. 32(6), 889-895, 1981.

Genetic variability in hatchery produced Pacific oyster (Crassostrea gigas Thunberg).
Gosling. University College of Ireland. Aquaculture 6, 273-287, 1982.

Irish oyster populations: a historical and genetic study. Maginnis et al. University
College of Ireland. Proc. R. Ir. Acad. IN PRESS.

Squid

An electrophoretic study of select proteins from the market squid, Loligo opalescens
Berry. Christofferson et al. California State College. Fish. Bull. State Calif. Fish
Game Comm. 169, 123-133, 1978. ,

Eel

Genetic variation of 6 phosphogluconate dehydrogenase, isocitrate dehy%ogenase, and
glutamicoxaloacetic transaminase in the liver of Japanese eel. Taniguchi & Numachi.
Kochi University. Bull. Jap. Soc. Sci. Fish. 44(12), 1351-1355, 1978.

Muscle protein differences in two eels Anguilla anguilla (Linnaeus) and Anguilia rostrata
(Le Seuer). Jamieson & Turner. Fisheries Laboratory, Lowestoft, U.K. Biol. J. of the
Linnean Society 13, 41-45, 1980.

Salmon

Geographical distribution of allelic variations of enzymes in chum salmon, Oncorhynchus
keta, populations of North America. Okazaki. Far Seas Fisheries Research Lab., Japan.
Bull. Jap. Soc. Sci. Fish. 47(4), 507-514, 1981.




The use of biochemical genetics to distinguish populations of Atlantic salmon Salmo salar.
Cross et al. University College Ireland. Ir. Fish. Invest. Ser. B. Mar. IN PRESS.

Haemoglobin and the salmon-grilse problem. Wilkins. University College Ireland. Ir.
Fish. Invest. Ser. B. Mar. IN PRESS.

Salmon research trust of Ireland, 1982. Annual Report No. 26 for the year ending 3lst
December 1981. Westport, Ireland.. 52 pp.

Salmon research trust of Ireland, 1983. Annual Report No. 27 for the year ending 3lst
December 1982. Westport, Ireland. IN PRESS. '

Trout
Allozyme evidence for reproductively isolated sympatric populations of brown trout,

Salmo trutta L. in Lough Melvin, Ireland. Ferguson & Mason. The Queen's University of
Belfast. J. Fish. Biol. 18, 629-642, 1981.

aetic variation in Irish populations of brown trout (Salmo trutta L.): electrophoretic
analysis of allozymes. Taggart et al. The Queen's University of Belfast. Comp. Biochem.
Physiol. B 69(3), 393-412, 1981.

Genetic changes in hatchery stocks of brown trout (Salmo trutta). Ryman & Stohl. Univer-
sity of Stockholm. Can. J. Fish. Aquat. Sci. 37, 82-87, 1980.

Introgressive hybridization in populations of pajute cutthroat trout (Salmo clarki
seleniris). Busack & Gall. University of California, Davis. Can. J. Fish. Aquat. Sci.
38, 939-951, 1981.

Geographic patterns of protein variation and subspeciation in cutthroat trout, Salmo
clarki. Loudenslager & Gall. University of California, Davis. Syst. Zool 29(T), 27-42,
1980.

Diadromous and resident trout Salmo trutta: is their difference due to genetics? Jonsson.
0IKOS 38(3), 1982.

I“ectrophoretic variation in muscle lactate dehydrogenase in snake valley cutthroat trout,
salmo clarki subso. Klar & Stalnaker. Comp. Biochem Physiol. 64B(4), 391-394, 1979.

Genetics of rainbow trout in a geotherma11y heated system. Fisher et al. University
of California, Davis. Trans. Am. Fish. Soc. 111(3), 312-316, 1982.

Electrophoretic variation in four French populations of domesticated rainbow trout
(Salmo gairdneri). Guyomard. Can. J. Genet. Cytol. 23(1), 33-47, 1981.

Genetic chahges in hatchery stocks of brown trout (Salmo trutta). Ryman & Stahl.
University of Stockholm. Can. J. Fish. Aquat. Sci. 37(1), 82-87, 1980.

Carp

 Biochemical genetic comparison of the Chinese and European races of the common carp.
Brody et al. Hebrew University. Anim. Blood Groups Biochem. Genet. 10(3), 141-149,
1979. h



Freshwater Fish - General

Geographical variation of lactate dehydrogenase and phosphoglucomutase in the Toach
Misgurnus anguillicandatus. Kimura. University of Kakamigahara. Anim. Blood Groups.
Biochem. Genet. 10(4), 253-256, 1979.

Morphological and biochemical systematics of chubs, Nocomis biguttatus and N. micropogon
(Pisces: Cyprinidae), in southern Ontario. Ferguson et al. University of Guelph.
Can. J. Zool. 59, 771-775, 1981.

Allozyme variation between populations of baitfish species Stolephorus heterolobus and
St. devisi and Spratelloides gracilis from Papua New Guinea waters. Daly et al. Aust.
Natl. Univ. Aust. J. Mar. Freshwat. Res. 31(5), 701-712, 1980.

A biochemical genetic analysis of populations of the northern pike, Esox lucius L. from
Europe and North America. Healy et al. University College, Cork, Ireland. J. Fish.
Biol. 17(3), 317-324, 1980. ‘

Genetic variability in species with extensive gene duplication: the tetraploid catostomid

fishes. Ferris & Whitt. University of California, Berkeley. Am. Nat. 115(5), 650-656,
1980. - e : A

Georgraphic variation in the milkfish Chanos chanos. 1. Biochemical evidence. Winans.
Jniversity of Hawaii. Evolution 34(3), 558-574, 1980.

Application of electrophoretic genetic markers to fish breeding. III. Diallel analysis

of growth rate in carp. Brody et al. Hebrew University, Jerusalem. Aquaculture 20(4),
371-379, 1980. -

3iochemical polymorphisms in South African freshwater fish. Isoenzyme patterns in fish
of the families Cyprinidae and Salmonidae. Op'T1lof et al. Department of Health,
’retoria, South Africa. Anim. Blood Groups Biochem. Genet. 13(1), 1-19, 1982,

“nzyme variation in the brook 1amprey; Lampetra planeri (Bloch), a member of the verte-
orate group Agnatha. Ward et al. Loughborough University. Genetica 55(1), 67-73, 1981.
’ (

.actate dehydrogenase isozymes in six species of darters in the subgenus Catonotus

\gassiz (Percidae: Etheostomatini). Wolfe & Branson. University of Tennessee. Am. Midl.
jat. 102(3), 392-394, 1979.

\lozyme analysis of the hybrid Phoxinus eos x Phoxinus neogaeus (Pisces: Cyprinidae) in
Jebraska. Joswiak et al. Wayne State University. Can. J. Zool. 60(5), 968-973, 1982.

wvolution of patterns of differential gene expression: a comparison of the temporal and
spatial patterns of isozyme locus expression in two closely related fish species (northern
iargemouth bass, Micropterus salmoides salmoides, and smallmouth bass, Micropterus dolomieni)
*hillip et al. University of ITlinois. J. Exp. Zool. 210(3), 473-487, 1979.

senetic variation and ecology of stoneroller minnows. Zimmerman et al. North Texas State
Jniversity. Biochem. Syst. Ecol. 8(4), 447-453, 1980.

structural comparison of the haemoglobin compoﬁéﬁts of the armoured catfish Pterygoplichthys
sardalis. Bossa et al. Biochem. J. 205, 39-42, 1982. :

i
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Population or stock structure of lake whitefish, Coregonus clupeaformis, in northern
L@ke_M1chlgan as assessed by isozyme electrophoresis. Imhof et al. Wisconsin Cooperative
Fishery Research Unit. Can. J. Fish. Aquat. Sci. 37, 783-793, 1980.

~

Gastropods

Extreme levels of genetic variability in two Red Sea Cerithium species (Gastropoda:
Cerithidae). Ritte & Pashtan. Hebrew University, Jerusalem. Evolution 36(2), 403-407,
1982.

Genetic differentiation independent of intertidal gradients in the pulmonate 1limpet
Siphonaria kurracheensis. Black & Johnson. University of Western Australia. Mar. Bio.
64, 79-84, 1981. ‘ T ‘

Spatial distribution of frequencies of the alleles of non-specific esterases in a mollusc
Jvmnaea stagnalis. Logvinenko et al. State University of Moscow. Zool. ‘Zh., 59(10),
- 45-T452, 1980. - -

Heavy metal selection of phosphoglucose isomerase allozymes in marine gastropods. Lavie &
Nevo. University of Haifa. Mar. Biol. 71(1), 17-22, 1982.

Gammarids

Electrophoretic approach to the biochemical systematics of gammarids. Bulnheim & Scholl.
Helgol. Meeresunters. 34(4), 391-400, 1981. .

The relation of genetic structure to environmental structure: Gammarué minus in a karst
area. Gooch & Hetrick. Juniata College. Evolution 33(1), 192-206, 1978.

Tunicates

Gene diversity in tunicate populations. Schmidtke and Engel. Biochem. Genet. 18(5/6),
503-508, 1980. : '
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CHROMOSOMES

Chromosomes in Evolution and Populations, and Methodology for Fish

Cytology and population genetics/Sytologia populaatiogenetiikassa. Saura, et al.
University of Helsinki. Luonnon Tutkija 83(4), 92-94, 1979.

Report of the committee on molecular cytogenetics. Steffensen & Gosden. University
of I1lionois, Urbana. Cytogenet. Cell Genet. 25 (1-4), 77-81, 1979.

!

New developments in vertebrate cytotaxonomy and karyology of bony fishes: a review.
Cataudella & Capanna. University of Rome. Genetica 54, 285-328, 1981.

Chromosome formulae of North American fishes. Gold et al. Texas A & M University.
Prog. Fish. Culturist 42 (1), 10-23, January 1980.

Polymorphic nature of nucleolus organizer regions in fishes. Foresti et al. Cytogene
Cell Genet. 31, 137-144, 1981.

Karyotype and banding analyses of Oryzias celebensis (Oryziatidae, Pisces) in culture
cells. Uwa et al. Shinshu University. Proc. Jap. Acad. Ser. B. 57(3), 95-99, 1981.

Metaphase chromosome banding of freshwater fishes. Gold & Bickman. Texas A & M
University.

C-banding of chromosomes from three established marine fish cell lines. Gregory et al.
University of Southern Mississippi. Copeia 3, 545-547, 1980.

Karyotypes and nuclear DNA contents of Polypteridae (Osteichthyes). Vervoort.
Experientia 36(6), 646-647, 1980.

A new method to increase the number of mitotic cells in the kidney tissue for fish
chromosome studies. O0jima & Kurishita. Gakuin University. Proc. Jap. Acad. Ser.
B. 56(10), 610-615, 1980. . '

A modified technique for fish karyotype analysis USing scale epithelium. Ramirez.
University of Texas at San Antonio. Copeia 3, 543-545, 1980.

Kidney preparation for chromosomal analyses of Ictaluridae. Hollenbeck & Chrisman.
Purdue University. Copeia 1, 216-217, 1981.

The assignment of the nucleolar organizer in the chromosomes of the funa (Carassius,
Cyprinidae, Pisces). O0jima & Yamano. Kwansei Gakuin University. Proc. Jap. Acad.
Ser. B. 56(9), 551-556, 1980.

The inversion polymorphism of Keyacris scurra and the adaptive topography. Colgan
& Cheney. University of Melbourne. Evolution 34(1), 181-192, 1980.

On the role of chromosomal inversions in speciation. Zouros. Dalhousie University.
Evolution 36(2), 414-416, 1982.
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Automation

Computer-aided analysis of chromosomal aberrations occurring in an abnormal human
karyotype. Hazout et al. University of Paris. Genet. 49(2), 133-145, 1979.

Cytochemical studies of metaphase chromosomes by flow cytometry. Langlois et al.
University of California, Livermore. Chromosoma 77(3), 229-251, 1980.

Automatic chromsome analysis. I. A simple method for classification of B- and
D- group chromosomes represented by band transition sequences. Lundsteen et al.
University of Copenhagen. Clin. Genet. 17(3), 183-190, 1980. -

An interactive, microcomputer-based karyotype analysis system for phylogenetic cyto-
taxonomy. Green et al. University of Guelph. Comput. Biol. Med. 10(4), 219-227,
1980.

Automated chromosome analysis using the Magiscan Image Analyser. Graham & Taylor.
University of Manchester (UK). Anal. Quant. Cytol. 2(4), 237-242, 1980.

_stimation of parameters of indistinguishable. chromosomes. Perel 'zweig et al.
Inst. Mol. Biol. Acad. Sci., USSR. Izv. Akad. Nauk SSSR Ser. Biol. 3, 383-388,
1979. _

Image analysis of the acetic acid-alcohol fixed metaphase chromosome. Johnson et al.
Queen's University. Submicrosc. Cytol. 14(1), 31-43, 1982.

Computer-assisted karyotyping system of banded chromosomes. Bruschi, et al. Cyto-
genet. Cell Genet. 29(1), 1-8, 1981.

Human chromosome classification using discriminant analysis and Bayesian probability.
Ledley et al. Natl. Biomed. Res. Found., Georgetown University Med. Cent. Conput-
Biol. Med. 10(4), 209-218, 1980.

An interactive microcomputer-based karyotype analysis system for phylogenetic cyto-
taxonomy. Green et al. University of Guelph. Comput. Biol. Med. 10, 219-227,
1980. , .

Jescription of chromosome banding patterns by band transition sequences. A new basis
for automated chromosome analysis. Lundsteen & Granum. University of Copenhagen.
Clin. Genet. 15(5), 418-429, 1979.

Chromosome Banding Techniques - Methods and Results of Phylogenetic or
Population Studies Employing Banding - Groups Other Than Aquatic

Banding

Three levels of G-banding differentiation. Sit. Monash University. Clin. Genet.
18(1), 65-78, 1980.

Protein in chromosome banding. 1. Effect of G-banding treatments on the proteins of
isolated nuclei. Burkholder & Duczek. University of Saskatchewan. Chromosoma 79(1),
29-41, 1980. -

A technique for C-banding chromosomes with pinacyanol chloride. Narayan. University
College of Wales. Stain Technol. 55(1), 9-11, ]980.



- 12 -

Banding - cont'd

Classification of genes, rearrangements, and chromosomes according to the chromosome
field. Lima-de-Faria. 1Inst. Mol. Cytogenet, Lund, Sweden. Hereditas 93(1), 1-46,
1980. -

Proteins in chromosome banding. 1. Effect of G-banding treatments on the proteins of
isolated nuclei. Burkholder & Duczek. University of Saskatchewan. Chromosoma 79(1),
29-41, 1980. )

Specific fluorescent bands on chromosomes produced by acridine orange after pre-
staining with base specific non-fluorescent DNA Tigands. Lin. et al. University of
Calgary. Chromosoma 79(3), 271-286, 1980.

Types and frequencies of Q-variants of chromosomes in the Samarkland population.
Tupitsina. Inst. Med. Genet. Acad. Med. Sci. USSR. Genetika 17(1), 174-180, 1981.

Three levels of G-band differentiation. Sit. Monash University. Clin. Genet. 18(1),{
65-78, 1980. : ‘

Theoretical estimates of cathodoluminescence of Giemsa stained chromosomes. Basu.
J. Theor. Biol. 85(1), 125-151, 1980. g

Polymorphic variants in human chromosome 15. Chen et al. Am. J. Med. Genet. 9(1),
61-66, 1981.

Differential staining of chromosomes in Martes martes (Carnivora, Mustelidae). Grapho-
datsky. Zool. ZH 61(2), 313-314, February 1982.

Ag-G staining, a rapid technique for producing combined silver staining and Giemsa
banding in mammalian chromosomes. Czaker & Mayr. Experientia 36(5), 625-626, 1980.

Chromosome banding studies of the razor-billed curassow, Crax mitu (Aves, Galliformes;
Cracidae). De Boer & Belterman. Genetica 54(3),225-232, 1981,

Variable C-banding patterns and a proposed -C-band karyotype in Gallus domesticus. {
Pollock & Fechheimer. Ohio State University. Genetica 54(3), 273-279, 1981.

A cloned repeated DNA sequence in human chromosome heteromorphisms. Gosden et al.
Cytogenet. Cell Genet. 29(1), 32-39, 1981.

A comparative chromosome study by means of G-, C-, and NOR-bandings of the weasel,
the pygmy weasel and the stoat (Mustela, Carnivora, Mammalia). Mandahl & Fredga.
University of Lund. Hereditas 93(T), 75-83, 1980.

Proteins in chromosome banding. II. Effect of R- and C-banding treatments on the
proteins of isolated nuclei. Burkholder & Duczek. University of Saskatchewan.
Chromosoma 79(1), 43-51, 1980.

Characterization of normal and rearranged'human chromosomes by simultaneous Q- and
R-banding with chromomycin A. Mostacci et al. University of Rome. Cytogenet. Cell
Genet., 28(3), 3-9, 1980.

~
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Banding - cont'd

Chromosomal banding patterns produced by methyl green-pyronin staining after trypsin
treatments. Tabuchi et al. Kyoto University. Stain Technol. 54(3), 125-128, 1979.

C-polymorphism in the chromosomes of man. Krachounova. Genet. Sel. 14(5), p. 3994.
1981.

Banded karyotypes from bone marrow: a clinical useful approach. Hozier & Lindquist.
University of Minnesota. Hum. Genet. 53(2), 205-209, 1980.

Distribution of C-band heterochromatin the ZW sex chromosomes of European and American
eels (Anguillidae, Teleostomi). Park & Grimm. Hanyang University. Cytogenet. Cell
Genet. 31(3), 167-174, 1981.

New C band markers of human chromosomes: C band position variants. Phillips.
University of Wisconsin-Milwaukee. J. Med. Genet. 17(5), 380-395, 1980.

1ne genetic structure of the Kuwaiti population II: The distribution of Q-band
chromosomal heteromorphisms. Al-Nassar et al. Human Genetics 57, 423-427, 1981.

C-banding after aceto-orcein staining for plant chromosomes. Noguchi and Tanaka.
Hiroshima University. Jap. J. Genet. 56, 529-532, 1981.

Banding techniques in chromosome analysis of domestic animals. Gustavsson. Swedish
University of Agricultural Sciences. Advances in Veterinary Science and Comparative
Medicine 24, 245-289, 1980.

The technical variables associated with the frequencies of QFQ, RFA and CBG hetero-
morphisms of human chromosomes. Verma and Dosik. Clin. Genet. 15, 450-453, 1979.

A technique for C-banding chromosomes with pinacyanol chloride. Narayan. University -
College of Wales. Stain Technol. 55(1), 9-11, 1980.

Evolutionary relationships based on heterochromatin bands in six species of the
Triticinae. Gill. Kansas State University. J. of Hered. 72, 391-394, 1981.

Nucleolar Organizer Regions of Chromosomes - Methods for Displaying, and Their Variabilit

Polymorphic nature of nucleolus organizer regions in fishes. Foresti et al. Cyto-
genet. Cell Genet. 31(3), 137-144, 1981.

Identification of a silver binding protefn associated with the cytological silver
staining activity of transcribing nucleolar regions. Hubbell et al. Cell Biol.
Int. Rep. 3(7), 615-622, 1979.

Quinacrine mustard and nucleolar organizer region heteromorphisms in twins. Morton
et al. Medical College of Virginia. Acta Genet. Med. Gamellol. 30, 39-49, 1981.

Silver staining of human acrocentrics in metaphase does not reflect an induced
inhibition in NOR activity. Verschaeve, et al. University of Brussels. Exp. Cell
Res. 136, 459-461, 1981.



Location of the nucleolus organizer regions on the sex chromosomes of the banded
killifish, Fundulus diaphanus. Howell & Black. Samford University. Copeia 3,
544-546, 1979.

Silver staining of nucleolar organizers and nucleoli during mitosis and interphase
of mammalian cells. Heneen. University of Lund. Genetica 50(1), 31-39, 1979.
The nucleolus-organizing regions (NORs): recent data and hypotheses. Goessens & -
LePoint. Biol. Cell. 35(3), 211-220, 1979.

Silver-stained NOR and synaptonemal complex analysis during male meiosis of Tilapia
rendalli. Foresti et al. UNESP, Brasil and University of Texas. Journal of
Heredity 74, 127-218, 1983.

Ammoniacal silver staining of nucleolar organizer regions in four species of Bufo.
Beck & Mahan. Memphis State Unjversity. Copeia 2, 341-345, 1979. ‘

Nucleolar organizer regions (NORs) in Chinese hamster chromosomes as visualized by
Coomasie brilliant blue. Wang & Juurlink. University of Saskatchewan. Chromosoma
75(3), 327-332, 1979. ‘

Nucleolar organizer regions in the African green monkey éhromosomes° Stobetsky et al.
Tsitologiya 22(7), 861-863, 1980.

Comparison of N banding and silver staining of human NORs. Fleming et al. University
of Delaware. Hum. Genet. 54(2), 217-219, 1980.

Nucleolar organizers and karyotype evolution in polyploid amphibians, organizadores
nucleolares e evolucao cariotipica em anfibios poliploides. Ruiz. Cienc. Cult.
34(4), 470-473, 1982.

Detection of nucleolus organizer regions (NOR) in the chromosomes of the domestic
pig (Sus scrofa domestica L.). Czaker and Mayr. Experientia 36(12), 1356-1357, 1980.

Ag-NORs variation and bandihg homologies in two species of Bovidae: Bubalus bubalis
and Bos taurus. di Berardino et al. University of Naples. Can. J. Genet. Cytol.
23(1), 89-99, 1981.

Cytochemical and cytogenetic features of the nucleolus organizing region (NOR) of
Vicia faba. Schubert & Rieger. Biol. Zentralbl. 99(1), 65-72, 1980.

Localization, structure and activity of ribosomal genes in the oocyte nucleolus during
meiotic prophase. Stahl et al. Reprod. Nutr. Dev. 20(2), 469-483, 1980.

Electron microscope study of transcription ofvloach oocytes ribosomal genes. Popenko
et al. Mol. Biol. 15(2), 430-438, 1981. ‘

- Nucleolus organizer variation in wheat and rye revealed by in situ hybridisation.
Miller et al. Heredity 45, 377-382, 1980. i

A Drosophila melanogaster cell line tested for the presence of active NORs by silver
staining. Privitera. University of Milano. Chromosoma 81, 431-437, 1980.

A highly reproducible method of nucleolus organizing regions staining in plants. Hizume
et al. Ehime University (Japan). Stain Technol. 55(2), 87-90, ]980.
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Marine Mammals

Karotype of the bowhead whale (Balaena mysticetus). Jarrell. J. Mammal 60(3),
607-610, 1979.

Banding studies on six killer whales: an account of C-band polymorphism and G-band
patterns. Arnason et al. Cytogenet. Cell Genet. 28(3), 71-78, 1980.

Localization of nucleolar organizing regions in pinniped kéryotypes. Arnason.
Hereditas 94(1), 29-34, 1981.

Karyotypes of a female Gill's bottle-nosed dolphin, Tursiops gilli Dall. Tsuchiya.
Chromosomes Inf. Serv. 26, 18-19, 1979.

The chromosomes of the African spot-necked otter, Hydrictis maculicollis Lichtenstein.
Davis et al. Chromosome Inf. Serv. 26, 11-13, 1979.

.nromosomal variation and constitutive heterochromatin in three porpoise species
(genus Stenella). Stock. Utah State University. Cytogenet. Cell Genet. 31, 91-100,
1981.

Banding studies on the gray and sperm whale karyotypes. Arnason. University of Lund.
Hereditas 95, 277-281, 1981.

Oysters

Cytogenetic study of an oyster population, of the species, Crassost%ea virginica Gmelin,
from the coasts of Tabasco, Mexico. Rodriguez-Romero et al. Univ. Nac. Auton.
Mexico. Venus 37(2), 83-86, 1978.

The karyotype of Crassostrea rhizophorae'(Gui1d1ng 1828). Rodriguez-Romero et al.
Venus 38(2), 135-140, 1979.

Distribution of G bands in the karyotype of Crassostrea virginica. Rodriguez-Romero
et al. Venus 38(3), 180-184, 1979.

Mussels

Quantitative karyotype analysis in the mussel Mytilus edulis L. Moynihan & Mahon.
Aquaculture 33, 1983. © .

The karyotype of Isognomon alatus. Rodriguez-Romerc et al. Univ. Nac. Auton. Mexico.
Can. J. Genet. Cytol. 25, 85-87, 1982.

Salmon

Chromosome polymorphism of the pink salmon Oncorhynchus gorbuscha. Gorschkov.
Tsitologiya 23(8), 954-960, 1981. -

Analysis of relationships between species of Pacific salmon from the genera Oncorhynchus
and Salmo. Gorschkov & Gorshkova. Zool. Zh. 60(1), 84-96, 1981.

A chromosomal analysis of the Atlantic salmon population in the Ladoga Lake. Zelinsky.
Zool. Zh. 59(8), 1260-1263, 1980.
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Salmon -~ cont'd

Intercellular polymorphism of chromosome sets in the Atlantic salmon. Barsiene.
Tsitilogiya 23(9), 1053-1059, 1981. -

Chromosomes of some salmonids and salmonid hybrids. Gjedrem et al. Agricultural
University of Norway. Aquacu}ture 11: 335-349.

Chromosome of salmon (Salmo salar) by leucocyte culture. Gromereltvedt. Agricultural
University of Norway. Aquaculture 5, 205-209, 1975. '

Some peculiarities of karyotypes of the Pacific salmon. Gorshkova. Tsitologiya
20(12), 1431-1435, 1978.

Karyotypes of bream, undermouth, and Atlantic salmon. Barsiene. Tr. Akad. Nauk
Litovsk, SSR, Ser. C. 3(79), 89-96, 1977.

Marine Fish

The karyotypes of the Black Sea species of the genera Crenilabrus and Symphodus
(Perciformes, Labridae) and the evidence of natural hybridization between C. ocellatus
and C. gquinquemaculatus. Vasilyev et al. Zool. Zh. 59(9), 1334-1342, 1980.

A chromosome study of eight Mediterranean species of Sparidae (Pisces, Perciformes).
Cataudella et al. University of Rome. Genetica 54(2), 155-159, 1980.

Chromosomes in three species of fishes, Aplochellus panchax (Cyprinodontidae) Lates
calcerifer (Percidae) and Gadusia chapra (CTupeidae). Caryologia 32(2), 161-169, 1979.

An electrophoretic,karyotypic and meristic characterization of the Eagle Lake trout,
Salma gairdneri aquilarium. Busack et al. University of California - Davis. Copeia
418-424, 1980. :

Chromosomes of six species of marine fishes. Choudhury et al. Berhampur University.
Caryologia 32(1), 15-21, 1979. '

Biochemical and cytological differentiation among cichlid fishes of the Sea of
Galilee. Kornfield et al. University of Maine. Evolution 33(1), 1-14, 1979.

Carps, Ti]apiaa and Other Freshwater Fish

The karyology of eight species of fish belonging to the family Percidae. Danzmann.
University of Guelph. Can. J. Zool. 57(10), 2055-52060, 1979.

Cytogenetic studies of Siamese fighting fish (Betta splendens Regan). Ratanatham
et al. Mahidol University. J. Sci. Soc. Thailand 5(1), 17-26, 1979.

Karyotypes and geographical distribution in the genus Cobitis (Cobitidae). Ueno et al.
Kinki University. Bull. Jap. Soc. Sci. Fish. 46(1), 9-18, 1980.

Comparative studies on the chromosomes in Japanese fish. 4. Somatic chromosomes of
two lizardfishes. WNishikawa & Sakamoto. J. Shimonoseki Univ. Fish. 27(1), 113=117,
1978.
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Carps. . . Fish cont'd ' '

A high number of chromosomes in the hillstream cyprinid, Tor putitora (Pisces).
Khuda-Bukjsj. Experientia 36(2), 173-174, 1980.

Comparative studies on the chromosomes in Japanese fishes. 5. Somatic chromosomes
in Japanese plennioid fish, Dictyosoma burgeri Van der Hoven. Nishikawa & Sakamoto.
J. Shimonoseki Univ. Fish. 27(1), 119-121, 1978.

Cytogenetical studies on fishes. II. Karyotypes of four carangid fishes. Murofishi
et al. Nihon University. Jap. J. Genet. 54(5), 367-370, 1979.

Karyotype analysis of Hypophthalmichthys molitrix. Lia. Beijing Normal University.
Acta Genet. Sin. 8(3), 251-255, 1981. ’

Analysis and comparison between the karyotypes of Cyprinus carpio and Carassius
auratus as well as Aristichthys nobilis and Hypophthalmichthys molitrix. Zan and
Song. Hunnan University. Acta Genet. Sin. 7(1), 72-76, 1980.

Comparative karyological studies on Chinese carps. Krasznai. Aquaculture 18(4),
325-336, 1979.

Chromosomes in three species of Asian catfish. Tripathy & Das. Berhampur University.
Copeia 4, 916-918, 1980.

The karyotypes of seven species of Tilapia (Teleostei: Cichlidae). Vervoort.
Cytologia 45(4), 651-656, 1980.

Chromosome complement of the masked loach Sabanejewia larvata (De Fil) (Pisces,
Osteichthyes). Lodi & Marchionni. University of Torino. Caryologia 33(4),
435-440, 1980. '

Karyology of two species of hillstream fish, Barilius bendelisis and Rasbora
daniconius (fam: Cyprinidae). Khuda-Bukhsh. ~Kalyani University. Curr. Sci. 48(17),
793-794, 1979.

Karyotypes of three species of the genus Phoxinus (Pisces: Cyprinidae). Joswiak et al.
Wayne State University. Copeia 4, 913-916, 1980.

The chromosome complement of the stonecat madtom, Noturus flavus (éi]uriformes:
Ictaluridae) with evidence for the existence of a possible chromosomal race.
Lebrande et al. University of Wisconsin. Copeia 2, 341-344, 1980.

A new karyotype in a teleost fish. Rishi et al. Kurukshetra University. Curr.
Sci. 50(5), 244-245, 1981.

Cytogenetic studies in North American minnows (Cyprinidae). 6. Karyotypes of.thirteen
species in the genus Notropis. Gold et al. Texas A & M University. Cytologia
44(2), 457-466, 1979.

Fels -

Distribution of C-band heterochromatin in the ZW sex chromosomes of European and America
eels (Anguillidae, Teleostomi). Park and Grimm. University of Hamburg. Cytogenet. Cel
Genet. 31, 167-174, 1981.

Gastropods

The karyotypes of some marine bivalve and gastropod species. Thiriot-Quievreux & Ayraut
Mar. Biol. 70(2), 165-172, 1982.

Artemia

The chromosome sets and karyotypes in certain Artemia salina populations. Mitrofanov
et al. Tsitol. Genet. 16(4), 11-14, 19872.
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‘DNA RESTRICTION ENDONUCLEASES AND HYBRIDIZATION ANALYSES
AS A MEANS OF DISCERNING PHYLOGENETIC AND PQPULATION DIFFERENCES

Theoretical Background

Estimating genetic divergence and genetic variability with restriction endonucleases.
Engels. University of Wisconsin - Madison, Laboratory of Genetics. Proc. Natl. Acad.
Sci. 78(10), pp. 6329-6333, October 1981.

Estimation of phylogenetic relationships from DNA restriction patterns and selection
of endonuclease cleavage sites. Adams and Rothman. ~University of Michigan. Proc.
Natl. Acad. Sci. 79, 3560-3564, June 1982.

Dissections and reconstructions of genes and chromosomes. Berg. Stanford University,
Dept. of Biochemistry. Bioscience Reports 1, 269-287, 1981.

DNA polymorphism detectable by restriction endonucleases. Nei and Tajima. University
of Texas. Genetics 97, 145-163, January 1981. '

The effect of sequence specific DNA methylation on restfiction endonuclease cleavage.
McClelland. University of Georgia. Nucleic Acids Research 9(22), 5859-5866, 1981.

Genetics and molecular biology. Hadden. Sloan-Kettering Institute. Clin. Bull.
9(1), 32-35, 1979.

The use of restriction endonucleases to measure mitochondrial DNA sequence relatedness
in natural populations. 1. Population structure and evolution in the genus Peromyscus.
Avise et al. Unviersity of Georgia. Genetics 92, 279-295, 1979.

Achievements of genetic engineering and their practical applications. Alikhanian.
Biol. Zentralbl. 98(5), 513-526, 1979.

Methodology

Restriction nucleases, ligases and polymerases in genetic manipulation. Maclolim.
St. Mary's Hospital. Symp. Biochem. Soc. 44, 1-12, 1979.

Restriction and modification enzymes and their recognition sequences. Roberts.
Cold Spring Harbor Laboratory. Gene 8, 329-343, 1980.

New rapid methods for DNA sequencing based on exonuclease II1 digestion followed
by repair synthesis. Guo and Wu. Cornell University. Nucleic Acids Research 10(6),
2065-2084, 1982. ~

Portable microcomputer software for nucleotide sequence analysis. Frisfensky, Lis
and Wu. Cornell Unfversity. Nucleic Acids Research 10(20), 6451-6463, 1982.

Directory of restriction endonucleases. Roberts. Cold Spring Harbor Laboratory.
In" Methods in enzymology, Vol. 65. Nucleic Acids. Part I. Grossman & Moldave
(eds.). Academic Press, New York. April 1980.
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Methodolng - cont'd

An improved method for estimating sequence divergence between related DNAs from
changes in restriction endonuclease cleavage sites. Gotoh et al. J. Mol. Evol.
14(4), 301-310, 1979.

Restriction endonucleases and their applications. Szalay et al. Cornell University.
Enzyme Microb. Technol. 1(3), 154-164, 1979. -

Reaction kinetics of some important site-specific endonucleases. Hinsch and Kula.
Nucleic Acids Research 9(13), 3159-3174, 1981.

Study of the directed fragmentation of chromatin DNA by some endonucleases and the
jsolation and properties of these enzymes. Votrin et al. Enzymol. Lab. Acad.
Med. Sci. USSR. Vestn. Akad. Med. Nauk. SSSR 2, 59-64; 1981.

Tk use of restriction endonucleases to compare mitochondrial DNA sequences in Mus
muoculus: a detailed restriction map of mitochondrial DNA from mouse L cells. King
et al. Washington University, St. Louis. Plasmid 5(3), 313-328, 1981.

Methods in enzymology. Vol. 68, Recombinant DNA. Wu (ed.). Academic Press, New York,
555 pp., 1979. ‘

Applications to Fish

Single-copy DNA relationships between diploid and tetraploid teleostean fish species.
Schmidtke and Kandt. Chromosoma 83, 191-197, 1981.

Amount of repeated and non-repeated DNA in the genomes of closely related fish species
with varying genome sizes. Schmidtke et al. Comp. Biochem. Physiol. 64B(1),
117-120, 1979.

C]ose]y related RNA sequences of protamines in rainbow trout testis. Sakai et al.
Jap. Found. Cancer Res. J. Biochem., Tokyo, 89(6), 1863-1868, 1981.

R¢ .ir of mitochondrial DNA after X-ray irradiation of teleost fish Misgurnus fossilis
eggs. Mikhailov et al., Inst. Dev. Biol. Acad. Sci. USSR. Mol. Biol. 15(1), T54-160,
1981. ' : _

Single copy and repeated sequence ‘divergency in fish genomes. Kedrova et al. Moscow
State University. Mol. Biol. 14(5), 1001-1012, 1980.

Distribution of high mobility group proteins among domains of trout testis chromatin
differing in their susceptibility to micrococcal nuclease. Kuehl et al. University
of Utah. J. Biol. Chem. 255(3), 1090-1095, 1980.

Applications to Human and Primate Studies

Extensive polymorphism in the mitochondrial DNA of apes. Ferris et al. University
of California - Berkeley. Proc. Natl. Acad. Sci. 78(10), 6319-6323, October 1981.

Ethnic variation in Hpa 1 endonuclease cleavage patterns of human mitochondrial DNA.
Denaro et al. Stanford University of Medicine. Proc. Natl. Acad. Sci. 78(9),
5768-5772, September 1981.
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Divergence of primate ribosomal RNA genes as assayed by restriction enzyme ana]ys#s.
Nelkin et al. Gene 11, 89-96, 1980. _

-

e

i 3

Unintegrated and integrated proviruses of two strains of baboon endogenous viruséf:
comparative restriction endonuclease analysis. Josephs & Wing-Staal. National Cancer -

Institute. Virology 112(1), 282-288, 1981.

Construction of a genetic linkage map in man using restriction fragment length
polymorphisms. Botstein et al. Mass. Inst. of Tech. Am. J. Hum. Genet. 32(3),
314-331, 1980. ~

i
J
;
b

Application to Other Mammalian Studies

The use of restriction endonucleases to compare mitochondrial DNA sequences in
Mus musculus: a detailed restriction map of mitochondrial DNA from mouse L cells.
King et al. University of Georgia - Athens. Plasmid 5, 313-328, 1981.

Nucleotide sequence variants of Rattus norvegicus mitochondrial DNA. Goddard et al. '
University of Utah. Chromosoma 82(5), 595-609, 1981.

DNA endonuclease activities associated with melanoma cell chromatin. Wikswo Lambert
& Studzinski. Mew Jersey Medical School. Biochem. Biophys. Res. Commun. 91(4),
1481-1487, 1979.

Action of restriction endonucleases on the DNA and chromosomes of Muntiacus muntjak. :
Lima-de-Faria et al. University of Lund. Hereditas 92(2), 267-273, 1980. |

Application to Birds

Nucleotide sequence for a novel duck alpha-globin gene. Paddock & Gaubatz. Medical
University of South Carolina. Biochem. 117, 269-273, 1981.

Abbreviated 3' non-coding region in duck alpha D. globin messenger RNA defines
evolutionarily conserved sequences. J. Mar. Biol. 157, 681-686, 1982. .

Application to Plants

Intraspecific variation in the structural arganization and redundancy of chloroplast
ribosomal DNA cistrons in Euglena gracilis. Wurtz & Buetow. University of I1linois-
Urbana. Current Genetics 3, 18T-187, 1981.
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"BIBLIOGRAPHY OF PAPERS ON GYNOGENESIS, POLYPLOIDY
AND RELATED TOPICS

~

Theoretical and Non-aquatic Groups as Examples
Methods

Plaice

Flounder

Salmon

Trout

Various freshwater fish

Crustacea

Citations from Genetics Abstracts from 1978 on. This subject area was treated
at the symposium on Genetics in Aquaculture, Galway, Ireland, 1982, and additional
very recent papers presented at this meeting appear in Aquaculture, Vol. 33,

Nos. 1-4, June 1983.
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GYNOGENESIS, POLYPLOIDY, AND RELATED TOPICS

|

Theoretical and Non-Aquatic Groups as Examples g

. . . . - . ) A

Doubled haploids for estimating genetic variances in presence of linkage and gene
association. Choo & Reinbergs. University of Guelph. Theor. Appl. Genet. 55(3/4),
129-132, 1979. N !

Genetic polymorphism and evolution in parthenogenetic animals. XI. Genetic differentiation
in parthenogenetic populations. Lokki & Saura. Dept. Genet., P. Rautatickatu 13,
Helsinki, Finland. Hereditas 92(2), 275-282, 1980.

Natural polyploidy of vertebrates. Ogielska-Nowak. University of Wroclaw. Przegl.
Zool. 24(2), 171-181, 1980. :

Evolutionary genetics of a gynogenetic fish Poecilia formosa, the Amazon Molly.
Turner et al. Virginia Polytech. Inst. and State Univ. Evolution 34(2), 246-258,
1980. S

Clonal diversity in the unisexual fish Poecilliopsis monacha-lucida: a tissue graft
analysis. Angus & Schultz. University of Connecticut. EvoTution 33(1), 27-40, 1979.

Factors affecting clonal diversity and coexistence. Vrijenhoek. Rutgers University,
Am. Zool. 19(3), 787-797, 1979.

Cytogenetics of the parthenogenetic grasshopper Warramaba virgo and its bisexual
relatives. VII. Evidence from repeated DNA sequences for a dual origin of W. virgo.
Dennis et al. Dev. Plant Ind. Canberra City, Australia. Chromosoma 82(4), 453-469,
1981.

Action of triploid inducer (tri) on meiosis in barley (Hordeum vulgare L.). Finch
& Bennett. Heredity 43(1), 87-93, 1979.

Structural heterozygosity and éncup]oidy in the parthenogenetic stick insect
Carausius morosus Br. (Plasmatodea: Phasmatidae). Pijnacker & Hqrbott. Univ.
Groningen. Chromosoma 76(2), 165-174, 1980.

Orientation of cleavage spind]es in pulmonate mollusks. III. Form and location of
mitotic apparatus in binuclear zygotes and blastomeres. Meshcheryakov & Veryasova.
Moscow State University. Ontogenez 10(1), 22-32, 1979.

Doubled haploids for studying the inheritance of quantitative chracters. Choo.
Genetics 99: 525-540, 1981.

Chromosome inheritance in parthenogenetic lizards and evolution of allopolyploidy ‘
in reptiles. Cole. Amer. Museum Nat. History, New York. The Journal of Heredity 70,
95-102, 1979. -

Development and survival of haploids of the Mexican axolotl, Ambystoma mex icanum.
Hronowski et al. University of Ottawa. J. Exp. Zool. 209(1), 41-48, 1979.

Production of tetraploid and homozygous diploid amphibians by suppression of first
cleavage. Reinschmidt et al. Tulane University. J. Exp. Zool. 210(1), 137-143, 1979.
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Fate of fragments and properties of translocations of holokinetic chromosomes after
X-irradiation of mature sperm of Tetranychus urticae Koch (Acari, Tetranychidae).
Tempelaar. University of Groningen. Mutat. Res. 63(2), 301-316, 1979.

Methods

Manipulation of developmental events to produce monosex and sterile fish. Stanley.
University of Maine. In: The Early LIfe History of Fish: Recent Studies. Pubiished
by Conseil Int. Explor. Mer., Copenhagen, October 1981, pp. 485-491. _
Flow cytometric DNA-analysis of polyploid salmonid fishes. Analytical cytology and
cytometry. Holmefjord et al. Agricultural University of Norway. IX. Symposium

on flow cytometry, 1982.

Preliminary results on induction of triploid in salmonids using heat shocks. Refstie.
Agricultural University of Norway. "EAAP-kongress, Leningrad, August, 1982.

Pi ‘uction of all female coho slamon (Oncorhychus kisutch) by diploid gynogenesis
using irradiated sperm and cold shock. Refstie. Agricultural University of Norway.
Aquaculture 29, 67-82, 1982.

Practical application of sex manipulation. Reproductive physiology of fish. Refstie.
Agricultural University of Norway. Centre for Agricultural Publishing and Documentation,
73-77, 1982.

Plaice
Sexual maturation in triploid male plaice (Pleuronectes matessa) and plaice X

flounder (Platichthys flesus) hybrids. Lincoln. Lowestoft Laboratory, U.K. Fisheries
Society of the British Isles 19, 415-426, 1981.

Flounder

Induced chromosome number variation in the winter flounder. Hoornbeck & Burke.
University of New Hampshire. J. Hered. 72(3), 189-192, 1981.

Salmon

Gene expression in haploid emryos of Atlantic salmon. Stanley. University of Maine.
J. Hered. 74, 19-22, 1983. . '

[

Trout

{olchicine-induced polyploidy in brook trout. Smith & Lemoine. University of
Rhode Island. Prog. Fish. Cult. 41(2), 86-88, 1979.

Adult triploids in a rainbow trout family. Thorgaard & Gall. Washington State
University. Genetics 93(4), 961-973, 1979.

Polyploidy induced in brook trout by cold shock. Lemoine & Smith. University of
Rhode Island. Trans. Amer. Fish. Soc. 109, 626-631.

Polyploidy induced by heat shock in rainbow trout. Thorgaard et al. Washington State
University. Trans. Am. Fish. Soc. 110(4), 546-550, 1981.
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Trout - cont'd

Triploid rainbow trout jdentified by flow cytometry. Thorgaard et al. Washington
State University. Aquaculture 29, 305-309, 1982.

Gene-centromere mapping in rainbow trout: high interference over long map distances.
Thorgaard et al. Washington State University. Genetics 103, 771-783, 1983.

Various Freshwater Fish

Induced gynogenesis in silver Crucian carp and carp hybrids. Cherfas & I1yasova.
A11-Union Res. Inst. Pavel Fish, Moscow. Genetika 16(7), 1260-1269, 1980.

Investigation of radiation-induced diploid gynogenesis in carp (Cybrinus carpio L.)
IV. Gonad state and evaluation of reproductive ability in carp of gynogenetic
origin. Gomelsky et al. Genetika 15(9), 1643-1650, 1979.

Genetic analysis in carp (Cyprinds carpio) using gynogenesis. Nagy et al. Eotvos
University. Heredity 43(1), 35-40, 1979. .

Hertwig effect caused by UV-irradiation of sperm of Oryzias latipes (teleost) and
jts photoreactivation. Ijiri et al. University of Tokyo. Mutat. Res. 69(2),
241-248, 1980. i ‘

Tetraploidy in Protopterus (Dipnoi). Vervoort. Inst. Agron., Rabat-Agehal, Morocco.
Experientia 36(3), 294-296, 1980.

Crustacea

Comparative growth patterns of the diploid and triploid subspecies of Trichoniscus
pusillus (Crustacea, Isopoda). Frankel. Pedobiolgia 19(4), 293-208, 1979.
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SELECTIVE BREEDING, HYBRIDIZATION AND RELATED STUDIES ON SALMON (NORWEGIAN
' AND SOME IRISH STUDIES)

Aulstad, D. and Kittelsen, A. 1971. Abnormal body curvatures of rainbow trout
(Salmo gairdneri) inbred fry. J. Fish. Res. Bd. Canada 28: 1918-1920.

Au1$tad D., Gjedrem, T. and Skjerbold, H. 1972. Genetic and environmental

sources of var1at1on in length and weight of rainbow trout (Salmo gairdneri).
J. Fish. Res. Bd. Canada 29: 237-241.

Gjedrem T. and Aulstad, D. 1974. Selection experiments with salmon. 1. Differences
in resistance to vibrio disease of salmon parr (Salmo salar). Aquaculture 3: 51-59.

Gjedrem, T. 1975. Possibilities of genetic gain in @lmonides. Aquaculture 6: 23-29.

Gjedrem. T. 1975. Survival of arctic char in the sea during fall and winter. Aqua-
culture 6: 189-190. ‘

Gjedrem, T. 1976. Possibilities for genetic improvements in salmonids. J. Fish.
Res. Bd. Canada 33: 1094-1099.

Gjedrem. T. 1976. Genetic improvement in salmonids. Proc. of the Royal Society
of Edinburgh (B), 75: 253-261.

Gjedrem. T. 1976. Genetic variation in tolerance of brown trout to acid water.
SNSF-project, Norway, FR 5/76, 11 s

Gjedrem. T. 1978. Selection for growth rate, and domestication in Atlantic salmon.
Z. Tierzucht. ZuchtBiol. (In press).

Gjedrem, T., Edwards, D. and Skervold, H. 1978. Improving salmon and trout farms
yields through genetics. World Rev. Anim. Prod. (In press).

Gjedrem. T. 1982. Genetic variation in quantitative traits and selective breeding
in fish and shellfish, Aquaconference Galway, .Irland, 29.3-3.4. 1982, 33 s.

Gyerde, B. 1982. . Response to individual selection for age at sexual maturity in
Atlantic salmon. Aquaconference, Galway, 'Frland, 29.3-3.4.1982.

Gunnes, K. and Gjedrem, T. 1978. Selection experiments with salmon. IV. Growth
of Atlantic salmon during two years in the sea. Aquaculture (In press).

Kanis, E., Refstie, T. and Gjedrem, T. 1976. A genetic analysis of egg, alevin,
and fry morta]]ty in salmon (Salmo salar), sea trout (Salmo trutta) and ra1nbow
trout (Salmo gairdneri). Aquaculture 8: 259-268.

Kinghorn, B.P. 1982. Genetic parameters of food conversion efficiency and growth
in young rainbow trout. Aquakonferanse Galway, Iﬁé1and, 29.3.-3.4. 1982,

Mahon, G.A.T. 1983. Selection goals in oyster breeding. Aquaculture 33 (In press).
Nevdal, G., Bjerk, ., Holm, M., Lerdy. R. and Mgller, D. 1979. Growth rate and

age at sexual maturity of Atlantic salmon smoltifying aged one and two years. FiskDir.
Skr. Ser. HavUnders., 17: 11-17.
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Ne vdal, G., Holm, M.,Lergy, R. and Mgller, D. 1979. Individual growth rate and age
at sexual maturity in rainbow trout. FiskDir. Skr. Ser. HavUnders., 17:1-10.

Nevdal, G., Holm, M., Lergy, R., and Mgller, D. 1978. Individual growth rate and age
at first sexual maturity in Atlantic salmon. FiskDir.Skr.Ser.HavUnders., 16: 519-529.
Ne vdal, G., Lergy, R. and Mgller, D. 1981. Variation in growth rate and age at firsi
maturation in rainbow trout.. FiskDir. Skr. Ser. HavUnders., 17: 71-78.

Refstie, T. and Gjedrem, T. 1976. Hybrids between salmonidae species. 1. Hatchability
and growth rate in the fresh water period. Aquaculture 6, 333-342.

Refstie, T., Steine, T. and Gjedrem. T. 1977. Selection experiments with salmon.
II. Proportion of Atlantic salmon smoltifying at one year old. Aquaculture 10:
231-242.

Refstie, T. and Steine, T. 1978. Selection experiments with salmon. III. Genetic and
environmental sources of variation in length and weight of Atlantic salmon in the
fresh water phase. Aquaculture 14: 221-234. :

Refstie, T. 1982. Hybrids between salmonid species. Growth rate in seawater.
Aquaconference Galway, Ireland 29.3-3.4.82.

Refstie, T. 1982. Preliminary results: Differences between rainbow trout families
in resistance against vibriosis and stress. Developmental and comparative immunology.
Supplement 2, pp. 205-209.

Skjervold, H. 1975. Breeding experiments with salmonids. American Breeders Round/
table, Kansas City, Missouri, USA.

Skjervold, H. 1976. Genetic improvement of salmonids for fish culture. Miscellaneous
Papers 13. Landbouwhogeschool Wageningen - The Netherlands. Meld. no. 428 from
Department of Animal Genetics and Breeding, Agriculture University of Norway, As-NLH,
Norway . :



