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PREFACE

The Atlantic Salmon Federation is dedicated to the preservation and
wise management of the Atlantic salmon and its habitat, seeking to meet
these goals through programs in research, education, management and in-
ternational cooperation. In the area of research, the Federation's most am-
bitious undertaking is the Salmon Genetics Research Program, begun in
1974.

The Salmon Genetics Research Program, conducted at the Federa-
tion's Salmon Research Center in St. Andrews, New Brunswick, is a joint
research program of the Canada Department of Fisheries and Oceans and
the Atlantic Salmon Federation. It is an excellent example of private-
government cooperation, demonstrating the tangible benefits that can ac-
crue to resource management when private and public sectors work in
concert toward long-term goals.

The mandate of the Salmon Genetics Research Program is applied
genetics research in direct benefit of Atlantic salmon management. The
results of its unique studies are proving to have positive implications for
the resource and the resource users - from angler to aquaculturist. The
Federation joins the Canada Department of Fisheries and Oceans in taking
pride in these achievements.

This report highlights the scientific activities of the Salmon Genetics
Research Program for the period April 1, 1986 to March 31, 1987.

b. w . azz-
W. M. Carter /% J. M. Anderson
Executive Vice President ( Vice President (Operations)

Atlantic Salmon Federation
P.O. Box 429
St. Andrews, N.B. EOG 2X0
Telephone: ( 506) 529-8891
Fax: (506) 529-4438

.

(v)



OVERVIEW
1

The Salmon Genetics Research Program, after 13 years of operation, con-
tinues to produce results of interest to the angler, commercial fisheries and the
new, cage-culture industry. Specifically, the results of the program have
demonstrated genetic variation for many traits of interest to these various users
of the technology. The development of selection and mating procedures to fit
the Atlantic salmon has allowed for application of breeding techniques to pro-
blems in growth and development.

The differences between river stocks with respect to such traits as ability
to become sexually mature in one or more than one year at sea (grilse versus
salmon) has enabled the synthesis of four strains (A, B, C and D). Strains A and
B have a much higher incidence of grilse than do Strains C and D. Experiments
have demonstrated that growth is responding to selection. Grilse appear to have
faster early growth than salmon prior to the age at which grisle become sexually
mature. Therefore, the manipulation of both growth and age at sexual maturity
seems possible. Consequently, the development of fish to fit specific re-
quirements of size for anglers and productivity for cage culturists seems feasible.

The application of controlled day lengths, to regulate growth and smolt
development in the freshwater stages, and the use of synchronization of
reproduction by hormone treatment, are examples of environmental control that
can be coupled with the application of genetics. Similarly, the finding of a genetic
basis for resistance to at least one disease (furunculosis) augers well for the
enhancement of disease prevention through breeding technology.

The research to date has produced some exciting results and, although
problems still exist, the future for the application of genetics and breeding
techology in the Atlantic salmon is promising.



INTRO' ICTION 

The improvement of  pli 	ariu animals ha› II IVUIVUU LI ie selection of 

superior parents for many centuries. The development of refined selection 
techniques, based on the sciences of genetics and statistics, has greatly enhanc-
ed gains from selection. Mating systems have had to be considered hand-in-hand 
with selection procedures, particularly in minimizing inbreeding. Results of 
research over the last 15 years in Europe and North America indicate that there is 
a great potential for the application of these breeding techniques in the Atlantic 
- - '-non. 

The Salmon Genetics tiesearcn rrogram (SumP) is a long-term project 
(ed at the application of genetics to the Atlantic Salmon (Salmo salar). The 

Atlantic Salmon Federation (ASF) conducts the research under contract with the 
Department of Fisheries and Oceans of Canada (DFO) in the Federation's Salmon 
Research Centre (SRC) near,St. Andrews, New Brunsv'' -ç Canada. 

The third year of a five-year contract for the program has been completed, 
where the current SGRP cCintract was initiated in 1984 and was preceded by 
two previous five-year contracts. 

The initial phases of the research involved the study of stocks from eight 
different New Brunswick rivers. Crosses and pure matings of the various stocks 
were tested, in a sea ranching environment, with respect to ability to return from 
sea after one sea winter (grilse) or after more than one sea winter (salmon). A sea-
cage salmon industry, initiated in 1978 in the Bay of Fundy near the SRC, has 
grown rapidly to a projected 50 million dollar industry by 1990. Collaboration 
with this aspect of salmon culture has enhanced the efforts of the SGRP in two 
ways, firstly in the holding of gene pools involved in sea ranching and, secondly 
in broadening the objectives to deal with problems experienced by cage 
culturists. 

eeeeÉge.e.:g::::Keegejez 
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THE APPLICATION OF SELECTION AND

MATING TECHNIQUES IN THE SGRP
Diversity of river stocks

Early studies in the SGRP and allied programs indicated that stocks from
different rivers were variable with respect to many traits, such as: ability to return
from sea, growth rate, age at sexual maturation as grilse or as multi-sea-winter
salmon, incidence of mature male parr, repeat spawning and ability to smoltify
after one year. This tremendous diversity suggested the possibility of forming
gene pools or strains to fit specific objectives in both sea ranching and sea-cage
rearing. Early studies are showing that much of this variation is heritable and
therefore amenable to the application of selection and mating procedures.

Picture 1. SGRP research has shown a genetic basis for the diversity of
river stocks as appreciated by the angler. (Courtesy ASF)

Variation within stocks
The different river stocks appear to have a high degree of variation for a

number of traits. The coefficient of variation is a statistic which reflects the
variance as a percentage of the mean. The estimates of this statistic in Table 1
reveal that there is a great deal of variation in most traits. Length is less variable
than weight but is highly correlated with it. Therefore, length is often the trait
used to indicate size because it can be more easily measured under adverse con-
ditions, as often encountered in certain aquaculture situations.
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The estimates (Table 1) are in line with those of Gjedrem (Aquacult. 

6:1975, 23-29) who found much higher degrees of variation in salmonids than 
in terrestrial species such as cattle, sheep and swine. Since variation is a require-
ment for selection, probabilties are good for the attainment of qnrs in desirable 
attributes of the Atlantic salmon. 

Table 1. Est -  3tes of coefficients of variation for certain traits in 
SGL.. strains. 

Coefficient of variation (%) 
28.0 

67.0 

81.7 

31.7 
P 

Trait 
Number of eggs per female 

Egg volume per female at eyed stage 

Number of parr per female 

Weight — fry 

Identilicafion at feerdhes and>individuals wittün tamiles 

r‘vierdbers  of  families wit io one or both parent in cnrairrion tend te hava 

simfar iaeries. This .fact rondes the partitionftsig of the ,jenetic and onvftonmental 

the iiifarianon of traits, soch mrs weight or ierigth, feasibie, H eice, 
the identification of famiiies somn 3pecific marks or tags beeornes essential in a 
breading pregrain. Furtherrnore,  th c dentifiGctfr.)n of  inclivialuals withiri 'familias 
b o rnes ;rnporrant smith respect to seiecting candidates i,iivhose kirvel of perfor-
mance is superior to fhat u their fa•nOy average, particulaPy in the nase of traits 
dnat. must be measured at different tirnas. 

The identification of up te 48 fareihes cari be readily accomplished witri 
do;  use oif ciert .A.i3înatien of brands and a single fin clip.  Brands above the lateral 
line are more readaNe then thost Otrioe,c With tdree poartionaon aach side ab6ve 

iine (Figure ) and four directions for the pointing of a V brand 
(Figure 2), 24 families can be identified. Using the presence or absence of a fin 
clip, such as the adipose, to give a multiplier of two, 48 families can have 
separate marks. This is a sufficient number of families for SGRP control lines. 
However, the identification of families in a selected line, randomized into tanks 
with control families, requires extra marks such as the clipping of pelvic fins. The 
Crphli of pelvic fins on fry has been only partially satisfactory where some 
regeneration of fins leads to confusion. 

rhe marking of a t ,,q.ge number of familles, or the identification of in-
di,riduals within a family, requins detailed numbering systems. The use of 
)oultry wing tags in the operculum of cage-reared salmon has been only partially 
3atisfactory, due to the loss of the tags. Modified Monel metal tags, similar to 
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Figure 1. Three positions above the lateral line on each
side of a fish increases the number of families
that can be identified.

Head Dorsal Tail Ventral

Figure 2: Four directions of a V brand can be applied in
each branding position.

poultry wing tags, are currently being compared to the poultry wing tags in cage-
reared salmon. Similarly, the use of panjet dye marks in the fins has given
satisfactory results for Dr. Gary Newkirk of Dalhousie University and will be fur-
ther tested in the SGRP in light of results in the 1985/86 Annual Report.

Picture 2. The use of hot brands allows the identification of
fish from different families. (Courtesy ASF)
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Two other marking systems are due to be tested. The first is a detailed

system of digital brands used in rainbow trout by Dr. Peter Ihssen of the Ontario
Ministry of Natural Resources. The second is a Passive Integrated Transponder
(PIT) tag manufactured, by Biosonics Inc., Seattle, Washington - "passive"
because it carries no internal energy source; "integrated" because its electronic
circuitry is contained on a tiny microprocessor chip; and a "transponder"
because it transmits an identification code when excited by the detector. This
tag, which contains 34 billion codes, can be inserted into the body cavity with a
size 12 needle and can be reused. Its limitation is that it currently costs $9 (U.S.)
per unit in orders of 500 or more.

Supplementing information on individuals with family performance data
J. K. Bailey and G. W. Friars
SRC, St. Andrews, N. B.

In a population for which the family structure is not known, the only infor-
mation with which to evaluate an individual's worth as broodstock (breeding
value) is its own phenotype, for example length or weight. In such populations,
mass selection (choosing the highest ranking fish) is the single option available
for selecting the 'best' parents for the next generation. When families are known
and identifiable, measurements from relatives provide an additional source of in-
put for the evaluation process.

For example, a typical strategy for domestic salmon might be to measure
the length of each fish at some time, such as harvest. Thus, for each salmon
there would be two pieces of information; its own length, and the mean length of
its family. By assigning different relative weights to these two sources, various
options for selecting broodstock emerge. These include:

a. family selection
b. within-family selection and
c. combination of a and b, above, or index selection.

In family selection, zero weight is given to individual length, and entire
families are selected strictly on the basis of family means. The converse occurs in
within-family selection. Zero weight is afforded the family means and the longest
individuals in each family are selected. Index selection uses both pieces of infor-
mation and the relative weights assigned to each are dependent upon family size
and the heritability for length.

In general, the weight assigned to mean family length would be relatively
greater than that for individual length. This occurs because family averages are
better estimators of breeding value, particularly where heritabilities are low. The
weight placed on family means tends to increase with family size and decrease
with higher heritabilities.

An index is the most efficient method of selecting broodstock and, in
theory, should lead to the most rapid genetic gain. Indexes can be expanded to
include more than one trait and information from relatives other than sibs. Selec-
tion indexes are proposed to identify superior broodstock in select lines used in
the SGRP.
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Correlated responses to selection for grilse length 
G. W. Friars, J. K. Bailey and K. A. Coombs, SRC 

A single generation selection experiment was commenced with Strain A 
grilse in the 1985 spawning season. This strain was synthesized from fish 
returning from sea to the SRC. Although a high proportion of the parents were 
not identifiable, the highest proportion of the genes were from the Big Salmon 
River stock (estimated at 54 percent — SGRP Annual Report, 1985/86, Table 1) 
with smaller contributions from the Magaguadavic, Saint John, Rocky Brook, 
Sevogle, Dennis Stream and Waweig systems. The population had not yet been 
subjected to random mating to allow an approach to genetic equilibrium (mixing 
of genes), following systematic crosses made in the two previous generations. 
Consequently, the experiment has some shortcomings but will serve as a pilot 
run for future selection experiments. 

Approximately 50 percent of the population matured as grilse. Hence, 
both the control and selected lines were established from grilse. The control line 
was started by taking one son and one daughter from each of 50 full-sib families 
that had been sampled at random from 98 families. Single-pair matings were 
made at random, with the avoidance of full-sib matings, to form a control line. 
The remaining 2333 fish were ranked according to fork length. The top ranking 
males and females were selected by truncation or mass selection (Figure 3). 
Fifty-six single-pair matings, involving the longest males and females were rmde. 
This yielded a selection differential of 1.52 standard deviations (difference be-
tween the mean of the overall population and that of the selected parents) and in-
volved mating procedures similar to those used for the control line. 

Comparisons of the control and selected lines for several traits in 
1 986/8 7  reveal interesting results (Table 2). The selected families in contrast to 
the controls produced more eggs. The eggs were larger in size and survivability 
through the egg and fry stages was superior. 

Table 2. Egg production, egg size, survival and fry from control and selected 
lines of grilse 

Trait 	 Line 

Control 	Selected 
Number of eggs per female 	 4430 	5744 
Egg size at start (mm 3) 	 8.95 	9.97 
Survivability to eyed egg stage (%) 	 35.6 	1-8.6 
Survivability to fry stage (%) 	 22.7 	32.10 
Number of parr per family (excluding zeros) 	 1270 	2135 
Fry weight (g) 	 2.07 	1.99 N.S. 2  
Fry weight corrected for family size (g) 1 	 1.97 	2.06 
Fry length (cm) 	 5.59 	5.57 N.S. 
Fry length corrected for family size (cm) 	 5.51 	5.63 N.S. 

1. Corrections for family size employed a covariate for the number of fry per family in a 1 m diameter 
tank. 

2. N.S. — differences between the control and selected lines were non-significant IP < .05). All 
other such differences were significant ( P < .05). 
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Picture 3. Smolts are generaNy longer and more silvery
than parr. (Courtesy ASF)

The biological mechanism for the increased proportion of smolts is prob-
ably a complex phenomenon. However, the larger egg size in the selected ver-
sus control females could have had a bearing on this result, as was the case for
fry size when density in the tanks was corrected statistically. In practical terms,
genes which give good growth to the grilse stage appear to also increase rate
of smoltification.

The slight advantages for the select over the control in part and smolt
lengths were not significant. This is not surprising since the main differences in
size have been accounted for by the proportions above and below 13 cm fork
length, the cut-off point for the smolt-parr classification in this study. In
general, the frequency of fish near the 13 cm point was low, indicating fairly
sharp bimodality in most families.

The proportion of males is much higher (P < .01) in parr than smolts
and there is a predominance of females in the smolts (Table 3). There is a dif-
ference, with respect to more males in part than smolts (i.e. those > 13 cm)
of 18.9 percent in the selected line, compared to 32.8 percent in the control
line. This suggests that a portion of the increased percentage of smolts in the
selected line is due to more males reaching the length of 13 cm or better.

Synchronization of spawning
SRC Staff and B. D. Glebe, Huntsman Marine Laboratory

The procurement of milt and eggs from a large number of broodstock
simultaneously is a requirement for the implementation of mating systems that
produce a large number of families similar in age. Research on salmonids with
lutenizing hormone-releasing hormone (LHRH) has advanced the overall spawn-
ing season in the SGRP. For example in 1986, the LHRH analogue was injected
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into the peritoneal cavity of the females on November 3rd and 7th. The dosage 
of each injection was approximately .02 mg/kg of fish. The spawning times 
were as follows: 

Date 	 Number of 	females 
Nov. 9 	 10 
Nov. 10 	 19 
Nov. 11 	 9 
Nov. 12 	 2 
Nov. 13 	 4 
No spawning on Nov. 14, 1 5 and 16 
Nov. 17 

Approximately 90 percent of the treated females had been spawned by 
November 17. Male contemporaries, reared in the same cage, matured naturally 
and yielded milt for single pair matings during this retracted spawning period. 
Hence, the spawning time was compressed into an eight-day period in contrast 
to as long as 12 weeks, where spawning in previous years with SGRP fish 
returning from sea was practised without the use of hormones. Growth in the 
progeny can now be analyzed with fewer age complications than before. Conse-
quently, LHRH hormone appears to be a practical breeding tool in Atlantic 
salmon. 

Picture 4. Egg release from a large number of females at one 
time is accomplished with hormone treatment. 
(Courtesy ASF) 
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Approximately 2000 first feeding fry were given food with 3 parts per

million of methyl testosterone for 57 days in 1986 at the SRC. Dissection of
123 of these fish revealed no ovaries and the treatment was considered suc-
cessful.

The reversed females should carry two X sex chromosomes as opposed to
one X and one Y in the case of conventional males. Fertilizaion with milt that
contains only X chromosomes should produce all female progeny. This
phenomenon has a real advantage where a higher incidence of grilse in males as
opposed to females is undesirable in sea-cage culture. Furthermore, the produc-
tion of sterile triphoid fish, through heat or other forms of shock to the eggs, can
be more readily accomplished with all female populations. This mating pro-
cedure will be tried on both control and selected line fish, using the milt from the
reversed females, in the next generation. The advantages of selection in a normal
diploid in contrast to a triploid background can then be evaluated. Triploids do
not become sexually mature and such sterility is desirable in aquaculture -
sterile fish do not take energy away from meat production to meet reproductive
requirements, and alleviate the fears of cage escapees mixing with the gene
pools of natural stocks.

SEA-CAGE REARING IN CONJUNCTION WITH SEA RANCHING

Anglers, commercial fishermen and the Indian fishery, were the principal
users of Atlantic salmon technology when the SGRP was initiated in 1974. In
1978, the commercial rearing of salmon in cages began in the West Isles region

Picture 5. Sea cages enhance efforts in the SGRP. (Courtesy ASF)

I
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By November of each year, maturation as grilse was apparent. Approx-

imately 50% of the fish in Strains A and B (50.2% and 52.2%, respectively) and 
less than 5% of the fish in Strain C were maturing. Thus, it was possible to 
classify fish as mature (grilse) or immature (salmon) and, among the grilse, males 
and females could be distinguished visually. It was not possible to reliably sex the 
immature fish. 

The mean November lengths for Strains A, B and C were 59.0, 54.8 and 
51.1 cm, respectively. Although the grilse and salmon strains were grown in dif-
ferent years, with the attendant environmental differences that exist between 
years, the first-year growth rates of the grilse strains were clearly superior. 

60r -Matured as Grilse 

----Did not mature as 
Grilse 

55 

r 
r 
: 

s 
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■ I  
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Figure 3. Mean fork lengths for maturing and non-maturing Atlantic salmon after 
8, 13 and 16 months in sea cages. 
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The sampling results for Strains A and B are illustrated in Figure 3. The

larger 2 + smolts of Strain A retained their size advantage throughout the study
period. Also apparent for the first two samples in both strains is the relatively
larger size of the fish which eventually matured as grilse. However, after August,
when gonad development becomes important, the non-maturing fish caught and
surpassed the grilse.

These results, coupled with the relatively high heritability estimates
reported for growth rate and their shorter generation interval, suggest that grilse
are more efficient than salmon up to the grilse stage and should, therefore, be
good candidates for growth rate selection. It should be possible to develop grilse
strains that are more productive than salmon strains for aquaculture. Perhaps
one should ask the question, from an economic standpoint, is it more desirable to

raise more large grilse relatively quickly, or fewer very large salmon relatively

slowly?

Cooperation with cage sites
Fundy Aquaculture on Grand Manan cooperated in the rearing of Strains A

and B, commencing with the placement of smolts in the Spring of 1984. Strain A
was represented by 2+ smolts and was spawned in November of 1985 to
establish the control and selected lines previously described. Strain B was
represented by 1 + smolts. Grilse parents yielded the gametes for the high and
low furunculosis matings in 1985. Repeat spawning of these fish and maiden
spawning two-sea-winter salmon in 1986 accommodated further matings for
the high and low furunculosis studies, the establishment of the Strain B control
line and special matings of salmon-grilse combinations described later.

Strain C was placed at Fundy Aquaculture as 1 + smolts in 1985 and is
proposed for the establishment of control and selected lines in 1987. A back-up
for this population was provided through the placement of 1 + smolts placed at
the cage site of E. Carpenter on Deer Island in 1986.

In 1986 Strain D 1 + smolts were placed with the new Salmonid
Demonstration and Development Farm (SDDF) in Lime Kiln Bay. Similarly, 1 +
smolts of Strain A control and selected lines will be placed at SDDF in 1987.
Back-ups for Strain D were placed in 1986 and for Strain A will be placed in
1987 at the cage site of E. Carpenter, Deer Island.

Close cooperation with the cage industry has become an integral part of
the SGRP.

Release and return experiments
G. W. Friars, SRC: R. L. Saunders, DFO, St. Andrews;
G. J. Farmer, DFO, Halifax and H. C. Madill, SRC.

Multiple-sea-winter fish are of interest to the angler because of their large
size. This interest has encouraged study of sea ranching experiments with
Strains C and D as well as Strains A and B.

Return rates in the SGRP reached a high of about 2.5 percent for some
stocks, in the early years, where Big Salmon River genes were involved. However,
in recent years the returns have declined to below one-tenth of one percent. Ex-
periments have been initiated to study possible causes for the low returns.
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Picture 6. A recapture facility is required IP release and 
return experiments. (Courtesy ASF) 

Split releases 
An experiment carried out with the release of Strains C and D 1 + smolts, 

in 1985 and 1986 respectively, involved the transport of half the fish from each 
family to the Letete Passage in the outer Passamaquoddy Bay area about 10 
miles from Chamcook Harbour and beyond herring weirs. This transport involv-
ed the towing of smolts in a semi-submersible barge in which the fish were ex-
posed to the water through which they were being towed. The second half of 
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contributing to this decline. The proportion of smolts in the stomachs of a sam-
ple of 117 cormorants was approximately 0.10%. One Carlin and 16 micro tags 
were recovered in guano samples taken from four cormorant colonies. Fourteen 
of these tags were identified with eight different year classes of smolts released 
between 1976 and 1986. The estimated depredation rate from the 1986 
release was 0.20%. It was concluded that cormorants are a relatively minor fac-
tor affecting return rates of salmon in the SGRP. 

Grilse and multiple -sea-winter salmon crosses 
R. R. Claytor, DFO Moncton; G. W. Friars and J. K. Bailey, SRC, St. Andrews 

The prediction of whether smolts in a stream have a tendency to return 
as grilse or multiple-sea-winter salmon bears on angling interests. Evidence sug-
gests that such predictions may be possible, using ovarian development in 
smolts as an indicator. Additionally, where incidences of grilse versus multiple-
sea-winter salmon have a definite bearing on cage production, the effect of the 
sea age of parents at sexual maturity is important. 

The availability of both repeat spawning and maiden spawning two-sea-
winter salmon in Strain B in 1986 made it possible to make matings of the type 
depicted in Figure 4. Seven sets of the mating design were made at spawning 
time. However, the discard of eggs due to bacterial kidney disease being 
detected in the ovarian fluid or milt of the parents and poor survivability in certain 
small lots of eggs left approximately one half of the progeny groups for study 
beyond the fry stage. 

The experiment entails the evaluator) of oocyte development at the smolt 
stage. Where samples of the various mating types are available, the progeny will 
be evaluated for age at sexual maturity in sea cages. 

This cooperative project makes use of the grilse and two-sea-winter 
salmon mix in Strain B, with a view to the study of problems allied to both anglers 
and culturists. 

REARING PROGRAMS 
Photoperiod after first feeding 
K. A. Coombs, G. W. Friars, H. C. Madill and J. L. Delabbiol, 
SRC 
1. Current address: Huntsman Marine Laboratory, St. Andrews N. B. 

An aim of hatcheries is to have an early first feeding in order to accelerate 
growth. This allows a head-start for fish to be placed in outside tanks in early 
summer. A study to evaluate the effect on fry growth of different photoperiod 
and light intensity treatments was conducted at first feeding in 1985 and 1986. 
In 1986 the experiment was extended to examine if any post treatment effects 
were evident prior to smoltification. 

Three photoperiods, 12 hours, 24 hours (continuous light) and simulated 
natural photoperiod (SNP), from April to June, and three intensities (10, 25 and 
40 watt incandescent bulbs) were tested during a factorial design. In addition, 
gro-lights were tested in a SNP in 1985, and gro-lights and 15 and 60 watt fluor- 
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escent bulbs in a 24-hour photoperiod in 1986. Fish in the 1986 experiments
were transferred from the hatchery to outdoor tanks where duplicates were com-
bined, at the end of June 1986, to examine post-treatment effects under a
natural photoperiod.

Table 4. Mean, weight (g) and forklength (F.L., cm) for the different
photoperiods.

Photoperiod 1985 1986
4 weeks 8 weeks 4 weeks 8 weeks

WT. WT. F.L. WT. F.L. WT. F.L.
12 hours .27 .93 4.61 .24 3.01 .68 4.03

24 hours .32 1.07 4.82 .35 3.31 1.08 4.70

SNP .31 .96 4.60 .27 3.11 .84 4.35

1. The Duncan's multiple range test of the mëans indicated that the 24-hour photoperiod was
significantly (P < .05) different from the 2-hour and SNP. At 8 weeks in 1986, all 3
photoperiods were significantly different ( < .05).

An analysis of variance was applied to the data for both years separately
and with the two years combined. Photoperiod has a significant effect on
growth of fry, the most growth occurring in the 24-hour photoperiod (Table 4).
Intensity has no significant effect on growth. In a combined year model (3x3
analysis), growth in the 24-hour photoperiod was significantly better and the ef-
fect of light intensity was not significant.

8r

a

0
12h SNP

Photoperiod

Large
Grade

Small
Grade

Figure 4. Gain in fork length from age at 8 weeks (post-first feeding) to 26 weeks. The gain for the
small grade is represented by the cross hatch. The gain for the large grade is shown by the
entire bar. SNP represents simulated natural photoperiod.
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When examining the post-treatment effects (26 weeks post first-feeding), 

there were no significant differences in weight, forklength or the proportion of 
fish in the large grade. It appears that the smaller fish, in the SNP and 12-hour 
photoperiod treatments, caught up to the larger fish, and in fact, had the most 
growth by 26 week post-first-feeding. (Figure 4). 

Despite an increase in size by photoperiod manipulation in the hatchery, 
the larger fry did not maintain this size advantage once placed outside. This is an 
important consideration for hatcheries trying to increase growth. It appears that 
growth enhancement, due to extended photoperiods in the hatchery together 
with additional feeding in this case, can be lost during later growth. 

Extended fall photoperiod 
A.R. Hanke, University of N.B., Saint John, N.B.; G. W. Friars, SRC: 
R.L. Saunders, DFO, St. Andrews, N.B. 

Several years of research by Dr. R. L. Saunders has revealed that increas-
ing the photoperiod or day length from natural day length (NDL) to 16 hours (16 
hr), during the period (September to December) markedly increased the length 
and weight of parr. The use of the extended photoperiod practices in the SGRP is 
being considered. However, there is a concern as to whether all families would 
react similarly to the extended day length. To answer this question, samples of 
two hundred fish from each of 36 families in the Strain A selected line were used 
in an experiment, where each family was involved in four replicates of each of 
the NDL and 16-hr. photoperiod treatments. 

The growth data have been collected and will be analyzed by A. R. Hanke 
for his M.Sc. thesis. A salinity challenge on approximately 1100 of these fish will 
indicate whether the increased Fall growth relates to better salt water tolerance 
at the smolt stage. If the families have responded similarly in these trials, the 
16-hr. day length may be incorporated into the Fall rearing routines with the 
SGRP. 

Fibreglass versus concrete tanks 
The growth of parr, reared in 25-ft. diameter outside tanks, was superior 

for fibreglass in contrast to concrete tanks (1985/86 SGRP Annual Report, Table 
5). A well-balanced experiment, as described in the comparison of the control 
and selected lines with equal numbers of fry from each of 84 full sib families, 
was conducted in 1986/87. Growth and related traits observed on these fish, 
placed in the outside tanks in early July and measured between mid-January and 
mid-March, appears in Table 5. 

The proportion of fish longer than 13 cm by January-March, 1986 was 
greater for parr reared in the fibreglass than the concrete tanks in the 1985 year 
class (Table 5), substantiating the same result in the two previous years. The dif-
ferences in the mean fork lengths were not significantly different between the 
two types of tank material, where the advantage in growth for the fibreglass 
tanks was largely attributable to the proportion greater than 13 cm. 

The differences in sex ratios (Table 5) indiCated a predominance of males 
in the parr and females in the smolts, as in the case of control versus selected 
(Table 3). The 8 percent difference (48.0 versus 40.0 for fibreglass in contrast 
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Growth and maturity traits of 1985 year class fish reared
in fibreglass and concrete tanks between the fry and
smolt stages (early July to the mid-January - mid-March

period)

Percentage of smolts

Mean length of parr

Mean length of smolts

Percentage of male parr

Percentage of male smolts

Fin index' (%)

Rearing
Fibreglass

68.5

11.1

16.5

68.4

48.0

3.45

*

tank material
Concrete

63.1

11.1

16.2

69.8
40.0

4.05

" Difference significant at P < .05.

1. Fin index ranged from 0 to 3 for no erosion to the worst erosion over five finds for a possible total
of 15. The value in the table represents a percent of the possible total.

to concrete) is not significantly different, where the standard deviation of the
binomial is 3.4 percent and approximately four times this difference would be re-
quired for the difference to be significant at P < .05

The reason for superior growth in the fibreglass tanks, in contrast to the
concrete, is unclear. A suggestion that fin condition be recorded was made by
Mr. John Ritter at the SGRP Steering Committee meeting in February. Each of
four fins (right and left pectoral upper and lower lobes of the caudal and dorsal)
were subjectively scored for degree of erosion on a scale of 0 to 3, making a total
score that could range from 1 to 15.

The data (Table 5) are expressed on a percentage of a possible total of 15
per fish. The percentage erosion was higher for the concrete than for the
fibreglass tanks (4.05 vs 3.45). Although this difference is not significant, it is
in line with the better smoltification percentage in the fibreglass tanks.

The increased smoltification rate due to tank type appears to be additive
to that for the select versus the control line. Where tank types are concrete (C)
and fibreglass (F) and lines are control (R) and select (S), the means for percen-
tage smoltification are as follows:

CR 59.4
CS 65.9
FR 64.9
FS 72.1

Hence, the environmental and genetic effects are cumulative in this case.
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COOPERATIVE RESEARCH 

DFO cooperation 
Several areas of research described earlier in this report have involved 

cooperation, with DFO researchers, namely: 

1. R. L. Saunders, St. Andrews — in the split release experiments and in 
the extended Fall photoperiod experiment. 

2. G. J. Farmer, Halifax — in a split release experiment. 

3. G. Olivier, Halifax — in the furunculosis resistance studies. 

4. R. R. Claytor, Moncton — in the grilse x salmon cross study. 

University of New Brunswick 
The thesis research of A. Hanke on extended photoperiod involves J.M. 

Terhune as co-supervisor with G.W. Friars (cross appointment with UNB-Saint 
John). J.A. McKenzie and W.R. Knight, U.N.B., Fredericton and R.L. Saunders, 
DFO, St. Andrews, serve on the Supervisory Committee. 

Undergraduate theses of Peter Huzinger and Robb Beaumont have involv-
ed SGRP staff in consultations on theses topic concerned with the monitoring of 
flow rates under the supervision of Mr. Mark Sanford and Dr. John Burgess. 

Université de Moncton 
Mr. Yves Doucet, Cadmi Microelectronique, Inc. is cooperating with SRC 

in connection with automated methodology for the measurement of fish. 

Huntsman Marine Laboratory 
B. D. Glebe in the synchronization of spawning and sex reversal studies. 

Memorial University 

G. L. Fletcher has used SGRP fish, reared at SRC, in research involving the 
injection of antifreeze genetic sequences into Atlantic salmon eggs. 

University of Guelph 

I. McMillan is cooperating with SGRP researchers in the fitting of exponen-
tial polynomials to bimodal parr data. 

St. Francis Xavier University 
D. M. Blouw is using fish from the extended photoperiod experiment to 

partition genetic and environmental effects on morphometric and meristic traits. 

Additionally, many visitors and phone calls from interested institutions 
form part of day-to-day routines. 

Steering Committee 
Dr. R. H. Cook, Chairman, Dept. Fisheries and Oceans (DFO), St. Andrews, N.B. 
Dr. J. S. Campbell, DFO, Moncton, N.B. 
Dr. W. M. Carter, Atlantic Salmon Federation (ASF), St. Andrews, N.B. 
Dr. A. T. Bielak, ASF, Montreal, Québec. 
Mr. N. E. MacEachern, DFO, Halifax, N.S. 
Dr. J.H.C. Pippy, DFO, St. Johns, Nfld. 
Dr. G. R. South, Huntsman Marine Laboratory, St. Andrews, N.B. 
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This Committee met on February 19, 1987 following the meetings of the 

Scientific Advisory Committee and approved SGRP program plans and budget 
for 1987/88. 

Ex officio Members: Dr. J.M. Anderson (ASF) and Dr. R.L. Saunders (DFO) 

Scientific Advisory Committee: 
Dr. J. H. C. Pippy (Chairman), DFO, St. John's, Nfld. 
Dr. P. E. Ihssen, Ministry of Natural Resources, Maple, Ont. 
Dr. G. F. Newkirk, Dalhousie University, Halifax, N.S. 
Mr. D. G. Reddin, DFO, St. John's, Nfld. 
Dr. R. L. Saunders, DFO, St. Andrews, N.B. 

This Committee reviewed the SG-RP on February '17 and 18 and made 
recommendations to the Steering Committee on February 19, 1987. 

PERSONNEL INVOLVED WITH SGRP IN 1986/87 
1. Fulltime SGRP staff 

Dr. G. W. Friars, Chief Scientist 
Mr. J. K. Bailey, Geneticist 
Mr. H. C. Madill, Hatchery Manager 
Mr. R. G. Carney, Assistant Hatchery Manager 
Ms. K. A. Coombs, Research Technician 
Mr. M. F. Dickie, Technician (to Sept. 14/86) 
Mr. D. A. Johnson, Technician 
Mr. T. E. Clark, Technician 
Mr. R. G. H. Campbell, Technician (from Feb. 2/87) 

2. Permanent ASF staff, part-time SGRP 
Dr. J. M. Anderson, Vice President, Operations 
Ms. S. A. Scott, Executive Assistant, Operations 
Mr. J. W. Gibson, Technician (from Jan. 5/87) 
3 Commissionaires 
Ms. B. Johnston, Controller 
Mr. D. Wylie, Buildings, Grounds and Vehicles Supervisor 
Mrs. Irene Wylie, Janitor 

3. Graduate student 
Mr. A. Hanke, UNB-SJ, graduate student under G.W. Friars' co-
supervision. 

4. Temporary ASF - part-time SGRP 
Norman Talbot Mais Intern (for the months of July and August): 

Miss Alison Scarratt 

Salmon Enhancement Technician Course, St. Andrews 
Mrs. L. L. Sochasky (Coordinator) 
Mr. E. R. Copeland 
Mr. J. W. Gibson 
Ms. B. J. Neilson 
Mr. R. J. Watson 
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Canada Manpower Salmon Enhancement Technician Trainees for
Florenceville Project:

Mr. Gilles Poulin
Mr. Brian Thornton

Huntsman Marine Laboratory Aquaculture Technician Trainees:
Ms. Ella Hoyt Mr. Bob Cotton
Ms. Phyllis Franklin Mr. Brock Rhywold
Mr. Bernie Haun Mr. Todd Turner
Mr. Tony Baird Mr. Conrad Allaine

Huntsman Marine Laboratory Canada Manpower Aqua Worker Trainees:
Ms. Kelly Brooks Ms. Alice Holt
Ms. Dawn Holt Mr. Bronson Saunders

6. Associated

Dr. B. D. Glebe, Research Associate
Dr. R. L. Saunders, Research Associate

INFORMATION RELEASE
SGRP staff have been involved in several areas of information exchange

as follows during the 1986/87 year, as follows:

Type of Release Number
Scientific papers 6
Papers at scientific meetings 5
Technical reports 7
Newsletter releases 3
Newspaper releases 10
Radio tapes 2
Seminars and workshops 65
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SALMON GENETICS RESEARCH PROGRAM
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Reports in this Series are issued periodically and reflect the activities of the
Salmon Genetics Program. The Series consists of previously unpublished scien-
tific material, reprints of primary scientific publications and administrative
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taken to indicate the manuscript status of those other than reprints of published
material. Some of the reports in manuscript form may later appear as primary
scientific publications. Reference to previously published material in the Series
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Salmon Federation, P.O. Box 429, St. Andrews, N.B. EOG 2X0.
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