
* ,'w

]e.
Wf'

;&{&
,*:
'j:

$r :''

"*\'t]is,eny rFr

&
"&d.

TI{E PRODUCTION OF ONE-YEAR SMOLTS

PRODUCING ZERO-SMOLTS OF ATLANTTC

USING GEOTHtrRMAL RESOURCES

'by

Arni lsaksson

1r;l-i:\1^.t i,,t ,- .'il1--,t{;. li ll:i
Y .U-,E.-Llr.. :..". -! . -:: 1 !/; - \ i''t 1

I" ; l, ,,,.,. i""
L.Ut u:.L"i t t

AND PROSPtrCTS OF'

SALMON IN ICELAND
m.r"
w

l,:':,

VE I D I MALASTOb-hlUN

EINTAK BoKASAFNS

Reykjavik 1985,



-_rt-iPRrr\Jr

DATE: Eisevier Science Publishers B.V.

P.O, Box 330. 10O0 AH Amsterdam, The Netherlands

ln all correspondence concerntng
this paper refer to :

?7 FEB. F85 ua ,f-6€1;r (s")

Authors are resectftrlly advised that in order to

avc:J delays irr putrliclric'', it rn3Y not be pccsible

to;nitorr'oratc ccfigci,ons in p:c:i:' l"'hich are

not reiurned wiihin 5 
days after receipt

Ar-
/'15if-'s

E*

Aquaculturc,4S (1985)
Elsevier Science Publishen, B.V., Amsterdnm - Printed in The Netherlands

THE PRODUCTION OF ONE.YEAR SMOLTS AND PROSPECTS OF
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ABSTRACT

fsaksson, 4., 1985. The production of one.year smoltg and prospects of produeing
zero-smolts of Atlantic salmon in Iceland ueiag geothermal resources. Aquaculture,
45:

The paper describes the rearing and growth rates of zero-age, one-year smolts and

400-gram smolts in Iceland rxing geothermal resources. Ttre hatching and rearing re-

gimes for accelerated smolts are compared with those for non-accelerated fish. Return
rates of one-year smolts are related to photoperiod and temperature regime used.

T!'o methods of producing adultc are discussed, i.e. by rearing smolts to 400 grarns

with subsequent rearing in sea-pens. and accelerated rearing of adults in tanks to market
size. These methods are compared with conventional pen-rearing in Norway with re-

spect to growth rates and sexual maturation. Tbe thermal power required for the pro-
duction of various sizes of salmon is also presented.

The experiments have shown that accelerated production of zero-age smolts for
ranching is not practical as yet but one-year smolts of 400 grams can be produced for
subsequent rearing in sea-pens or lend-units.

INTRODUCTION

During the 30-year history of fish cultwe in Iceland it has become quite
clear that rearing of fuiI is more enelgy demanding than in most other
countries. Due to the barren natule of the Icelandic countryside' most
run€ff streams become trubid and silted during rainy periods which makes

them unsuitable as a water source for fish readng. Early rearing trials using
runoff water were not successful due not only to turbidity problems but,

also to the shorl Icelandic surnmer which allowed reasonabie gro$/th only
during 2-3 months; smolt age in rearing stations w€ls up to 3 years. One

can therefore conclude that without some form of economical heating,
salmon farming in Iceland would not be feasible.

It is well known that Iceland is a volcanic island with fairly frequent
eruptions. There are numerous hot Eprings in the country which are used

for cenhal heating of the major towns and many have been hamessed
for salmon culture.
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The steady supply of heat throughout the rearing period has enabled
salmon farmers to accelerate hatching and rearing processes to the point
that all hatcheries produce one-year smolts and some are producing zero-
age smolts on an experimental basis. Zero-smolts of coho salmon (Oncor-
hynchus hisutch) have been released successfully on the Pacific coast of
America (Brannon et al., 1982). Production of comparable smolts of At-
lantic salmon would reduce the production costs of smolts considerably,
which is a key factor in salmon ranching.

The present paper is a review of the accelerated rearing of Atlantic salmon
in Iceland. It covers the existing production of one-year smolts and the
future potential of zero-age smolt production as well as the accelerated
rearing of 300-400-gram smolts in 15 months. Such smolts are now,being
produced for subsequent cage-rearing during the summer months. Thermal
power requirements for smolt production and the various adult production
methods are also discussed.

MATERIALS AND METHODS

Growth

Numerous variables affect the rearing process in a production hatchery.
Of such variables, one might lqention variation in the time of maturation

TABLE I

Gronth rates of different sized juvenile salmon in various rearing trials

Experi- Initial Final
mental weight weight
gloup (g) (g)
no.

Growth Start of
(Vo of experiment
wet
weight/
dav)

Duration
of
experiment
(days)

Mean Saiiniiy
temperature ("/'.)
('c)

1 0.1 1.2
2 0.1 3.0
3 0.1 4.8
4 0.1 6.2
5 0.4 1.1
6 1.2 2.3
7 1.2 2.6
8 r..2 6.2
I 1.2 6.8

10 2.6 4.8
11' 11.9 20.9
12 15.3 26.6
13a 1?.5b 203.0
!4a 12.0b 125.0
15a 203.0 37 4.0c
16a 125.A 226.4c

12 May 1969
19 April 197?
10 April 1977
10 Aprii 1977
19 July 19?1
26 Sept. 1974
26 Sept. 1974
29 April 1982
29 April 1982
25 Oct.1974
17 April l9?0
17 April l9?0
1? Sept. 1983
17 Sept. 1983

2 March 1984
2 March 1984

.1.4
r)a
o<

2.7
d-1
9'
2.6
2.4
2.5
2.1
2.0
10

1.5
1.4
0.9
0.9

74
148
L57
157

28
30
30
70
1A
30
28
28

16?
L67
69
69

72.5
1a o
19 0

73.2
13.0
12.4
12.0
1.).,

t2.2
10.9
72.2
12.2
72.0
L 2.0
10.0
10-0

0
0
0
0
n

0
0
0
U

0
0
0

11-1 5
11-15
11-15
11-15

s"Sj6eldi" al Hafnir. bZero-age in September. cOne-year in May'
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of spawners. Experience at Kollafjordur has shown that the progeny of
females spawned in late October ca.n, at the earliest, start to feed in early
January if incubated at 10'C. Many of the salmon, however, are span'ned
in November and their progeny start to feed in early February. Overcrow-
ding reduces grorth in many hatcheries and occasional shortages of heating
water will do the same. Frequent sorting as well as sale of parr at different
stages in commercial hatcheries make it difficult to keep track of growth
rates for extended periods.

It was therefore decided to describe the acceleration process in Icelandic
salmon culture by constructing an average growlh curve from start feeding
up to 4OO-gram 1+ smolts. This was done by using the information in Table
I. It shows various rearing trials perforrned at the parr stage at Kollafjcirdur
Fish Farm and for the rearing of accelerated smolts at the "Sj6eldi" facility
at Hafnir. Temperatures i:a these rearing trials ranged from 11 to 13'C at
KollafjcirDur, a freshwater station; at Sjdeldi temperatures ranged from
10 to 12"C and salinities were around 1-1'/""' The grorn'th rates 'in these

rearing trials were calculated as percent of wet body weight per day as an

average value for the whole rearing period.
These values were then plotted against the means of the initial and final

weights in the rearing experiments (Frg. 1). A logarithmic cume was fitted
through the points and tbe equation shown in the figure was obtained.
From this equation on-e could calculate the growLh curve for one-year
smolts shown in Fig. 2. Accuracy of the curve was checked by comparing
it with values obtained in rearing experiments using the KollafjdrEur strain.
Those observations aglee well with the calculated curve. In this paper the
curves are mainly used for graphic presentation.

In one instance, a hypothetical growth curve was constructed for the

W.ight o{ fish (grams)

Frg. 1. Retationship between growth in percent of body weight
from the stari-feeding stage tbrough 350-gram smolts.

.6
!
c
.9
a,]
o

.E

E

'o(9

Y= -0.35246x LN(X ) +2.92456

day and fish size



A: "Koltaflbrdur" fceding exprrimcnt. ( D Groman,pcrs.comm.)

B: "Sj6eldi" experiment ( J, Gunntaugsson, plrs. comm.)
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Fig. 2. Calculated growth of aceelerated juvenile salmon during 15 months starting in
February. Observed growth values (A and B) are inserted for comparison,

accelerated rearing of aduits up to   kg (Fig. 5). In this instance I assumed
a linear drop in gro$'th rate from !7o of wet body weight at 204 grams
b A.75Vo at 2 kg as calculated from Hildingstam's (1976) data for pen-
rearing in Norway during the summer months. Limited information in
Iceland indicates that this is conservative. It should be pointed out that
the grouth data in this paper have been based solely on the Kollafjcirdur
strain which has been a semidomesticated ranching strain for over 20 years.
Considerable selection for fast growing fish has taken place and most wiid
stocks would not have comparable growth rates.

The rearing pnceEs

Hatching and rearing equipment at Kollafjcir8u is very conventional.
Hatching takes piace in fiberglass troughs. When the fry are ready to feed
they are moved to 2X 2-m Swedish-type tanks rn'ith circular flow. These
tanks are half-covered with black piastic throughout the rearing process
to reduce stress on the fish and prevent nipping. Rearing here takes place
at 11-13"C and fish are only moved from these tanks when they have
reached 20-25 g. They are then put in concrete outdoor ponds, 9 m in
diameter. These ponds are supplied with unheated ground-water which
ragges in temperature from 2 to 4"C during the winter months. Grading
into these ponds usually starts in August-September and the last smoiis
are usualiy put out in February-March. Those, however, have not been
accelerated for the whole rearing period.
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Thermal power requirements

Due to the dependence of Icelandic salmon culture on geothermal water,
it is of great importance to be able to quantify the heat necessa4i for a

production unit. This was calculated for the production of 100 000 juvenile
salmon up to 400 grarn5 as well as for the rearing of the same quantity
to 4 kg in heated 6ea water (12"C). The unit of thermal power used is the
megawatt, which is a standard unit used by the geothermal industry in
Iceland. The formula used is the following:

Megarvatt = mX Cp X A?i1000

where: m is the flow of heated rearing water (l/s); Cp is the specifi'c heat
of u'atet (Cp = 4.186 kJ/kg'C); a?is the necessary elevation of tempera-
ture ('C); and 1000 is the ratio between megawatts and kilowatts'

When calculating the energy requirement it was assumed that the tem-
perature of well watet (3"C) had to be raised to 12'C for reasonable'growth.
Flow of rearing water was obtained by multiplying the biomass in the
hatchery at a certain time by the rate of flow per kilogram of salmon as

presented by Edwards (L979).

RESULTS

Accelerated rearing of smolts

One-year smalts
Production of one-year smolts started in Iceland around 1965. In the

early years the eggs were hatched in cold water, 3-4oC, and it was only
afber the feeding stage was reached that the palr were reared in 12-13'C
water (Fig. 3). Since the fry starled to feed relatively late in the year (May),
most of them had to be fed in constant temperature and light almost up
to the time of release in May-June of the following year. Salmon ranching
experiments at Kollafjcirdur Fish Farm around 1970 showed that these

smolts had very poor return rates compared to two-year smolts (Gudj5nsson,
1973) and measures were taken t6 correci the situation. Subsequent ex-

periments at Kollafjcirdur indicated that one-year smolts that were reared

under natriral ternperatures and photoperiod during the better parb of
the ninter (Isaksson, 19?6) had considerably better return rates than those
exposed to constant light and temperature.

. In 1970 experiments were started at Kollaficirlur where hatching tem-
peratwes were raised to 8"C at various stages in the hatching cycle. Initially,
this was only done at the eyed egg stage but the elevation of temperature
was gradually moved to earlier stages, and afber 1975 it was elear that
newly fertilized eggs could tolerate temperatures as high as 10'C throughout
the incubation process.

The heating system at Kollafiordur Fish Farm is based on a heat-exchange
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Fig. 3. Effect of temperature on incubation and rearing program at Kollafjciraur Fish
Farm. Sbaded areas show the emplitude of variation in temperature. Acceleration of
smolts in Iceland has primarily been accomplished by speeding up incubation.

system where geothermai \ilater is used to heat ground-water. Direct mixing
is not possible due to harmful chemicals in the hot water. Exact tempera-
ture control is difficuit when heat-excharrgers are used since mixing of
heated and cold water is controlled by autornatic valves which respond
to a temperature sensor. Any malfunctioning in this equipment can be
very detrimental to the eggs, and most of the hatching at Kollafjcir8.u
has therefore been done at 8'C. Backup groups of eggs are incubated at
natural temperatures. These are later accelerated using heated water after
the 8"C incubation group has started feeding.

Temperature profiles and hatching programs for eggs hatched at 3, 8
and 10'C are sho$'n in Fig. 3. This figure also shows the dates of spau'ning,
hatching and first feeding. Elevation of hatching temperaiures to 8'C ad-
vances hatching and rearing by 3 naonths but elevation to 10'C accelerates
the corresponding processes by almost 4 months compared with incuba-
tion and hatching in cold wat€r. It should be stressed that the rearing process
at Kollafjcir8ur has been accelerated primarily by advancing the starl-feeding
period, and rearing temperatures have ranged from lL to L3'C depending
on the availability of hot water and the temperature of the cold water
to be heated. The station has only had sufficient thermal po\.'ser since 1980
to keep up a constant rearing temperature of 13'C for the on'growing fish.

Fig. 4 shows the grotth rate of accelerated smoits (hatched at 8"C)
versus non-accelerated (hatched at 2-4'C). The non-accelerated group
usually starbed to feed in early May and reached an average size of only 25
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Fig. 4. Comparison of growth of aceeleraied smolts (A) and smolts hatched in cold water
(B) at Koliafjcirdur Fish Farm. Growlh rates are the same but start-feeding has been ad-

vanced by 3 months

g by the end of the first year^ Less than half of the fish had reached smolt
size at tha-u time anC most of the fish had to be grou'n onwards in heated
water. Accelerated smolts, on the other hand, started to feed in early Febru-
ar1'. They reached an average weight of 15 g by August at which time the
iargest could be put in cold water for storage until the following spring.
Unfortunately, sufficient hot water has not been availabie at Kollafjcirdur
for on'r'ard grc-,u.ing of the fish. Since 1980, 80-90% of accelerated smolts
at Koliafjcir0ur ha','e reached smolt size (25 il before the end of the year.
Sn:olts in this size range seem to give reasonabie retum rates when micro-
tagged and released in ralching experiments.

Tabte II shows the return rates of comparabie accelerated one-year smoits
released in 1980, 1981 and 1982 at Kollafjor8ur and L5r6s ranching sta-
tions. The groups are subjected to natural temperature (well water) at
different times and released in two ways, either by voluntary migration
from freshrvaier ielease ponds, which can take weeks, or by adaptation
to salinities for 3 weeks before release, which occurs over a 24-h period'
No consistent differences between the two release methods have been
observed at Kollafjordur but freshwater releases have yielded higher returns
at L6'rds.

Considering the return rates for both ranching stations, there was clearly
better survival in the 1980 and 1982 releases than in the 1981 experiment.
Likely explanatiors for this are more favourable spring and better release

10
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conditions in 1980 and 1982. Notice, however, the great diffetence in
returns to Lards and Kollafjorlur in the 1980 experiment which must be

caused by local diJferences at the time of release, e.g. in estuarine feeding
conditions. This is not surprising considering that the two sites are sepa-

rated by over 200 km ofcoastline.

TABLE II

Return r&tes of mictotagged accelerated oneyear enolts reared 8t Kollafi6'thr ead released tbere

and at tbe Idrds r&DchiDg station

Rerxching
site

Year of Daie ilx
release outdoor

Ponds

Ma! Mean
*'eight at seirbt at
traDsfer tragng
(c) (g)b

Rste of recapture (%)
1 and 2 sea-wiater salnon

Freshwater release Salinitv adaptlon

Number
released

%
return

Number %
relered returD

Ko11a6o'rlur 1980

1981

19824

L6t6s 1980.
1981
19824

22
28
19

28
28

2r
26
26
35
30

23
28
35

26
25

18
22
20
&6
30

18
26
35

Sept.
Nov,
Feb.

18

17

6.4
8,6
6.8

5.7

8.3
1.7
8.1

11.O
8.1

72.6
/.o

10.9

2034 1,!
6079 1.2
1036 3.2

2001
4070
1012

Dec.
JaD.

Sept.
Oct.
Nov,
Jan.
Ms.
Sept.
Aug.
Jan,

2066
2020

2022
2019
2019
202L
1053

4020 5.9
2116 1 .2

2015 9.O
2051 8.0
202A 11.0
2019 11,1
636 8.4

3115 10.9
2820 b.4
3020 8.8

3356
2620
3020

aone year at sea onfy.
bTageiog time is Marcb-APril.

It might be mentioned that the salmon fishing in southwestem Iceland

has been relatively poor during this period, only recovering in 1983 (1982
smolts). This points to some problems in the streams and shou's that returns

to ranching stations can give colroborative information on problems in
neighbouring salm on strearn s.

It is of interest to see if there is a positive relationship between the length

of exposule to natural temperature and photoperiod regimes and retulTl

rates. The data in Table Ii indicate that smolts put in outdool ponds in
March (ca. 3 months before lelease) have equally high return rates as smolts
put in outdoor ponds much earlier. This is a very important observation

ior smoit producers in Iceiand since the slowest growing one-year smolts

in an accelelated ploglam would be ranching smolt size in January-Febru-
ar!'.

Zero+ge smolts
The production of great nupben of zero-age smoits at a reasonable

size (20 g) to meet the deadiine of release (June) is not yet possible at



q

Kollafjcirdur Fish Farrn. Even at a hatching temperature of 10"C, only
a limited number of flsh reach the smolt size. Some private hatcheries,
however, have produced and released considerable numbers of zero-a.ge

fish in late summer (August-September). Most of these questionable smolts
have been untagged, and so retums are difficult to confirm.

In early September of 1980, 2000 microtagged zero'age smolts (25 C)

were released at Kollafjcirdur Fish Farm after one month of feeding and
adaptation to salt water. Maximum salinities were 20"/"o. Control groups
of one- and two-year smolts, 1000 in each group, were also released. Mor-
talities before release were lowest in the zeto-age ftsh (1/2000) and visual
inspection before release indicated that they became silvery q'ith loose
scales. Only three fish have retumed to date, two from the two-year'group
retuming in 1981 and one zero-smolt returning in 1982. These strikingly
poor retum rates, even in one- and two-year smoits, indicate that the rea-
sons may lie in improper release time rather than in the quality of the
zero-smolts. It seems, therefore, that a production scheme for zero-age
smolts must be based on the assumption that they be smolt size and ready
for tagging in May and release in June.

In order to get reasonable numbers of zero-smolts for experimental
releases it would be essential that the fry starb feeding in early December,
a month earlier than has -been possible even when the eggs are hatched
at 10'C using early maiuring spa*'ners. Further acceleration of the process

may be achieved using a number of methods. The most promising might
be to speed up maturation of the spawners by some chemical or physical
method. It seems likely that the uppel threshold temperatures for incuba-
tion have been reached. Temperatures higher than 10"C have not been
tried at Kollafjordur Fish Farm, but that temperature 6eems to be safe

for the KollafjcirEur strain with no excessive mortality. Peterson et a-1.

(7977) suggested a lower optimum hatching temperature for some Canadian
river stocks (6"C). They also suggesied that there might be considerable
strain variations. One should, therefore, be very cautious *'hen applying
the present findings to other strains.

From the preceding paragraphs, it can be seen that zero-age smolts are

not a real possibility in Iceland today. Much research is needed, especially
into the physiology of such a smolt,, along with release trials, before one

can accept this strategy as a useful one.

Production of adults

Although Icelandic smolts have primarily been used for salmon ranch-
ing in the past, there are gradually opening up new possibilities for accele-
rated rearing of adults using geothemral resources, wholly or partly. The
most promising methods are: (1) a mlxture of accelerated rearing and
pen-rearing during the summer montJrs; (2) accelerated rearing in tanks
to full size.



Accelerated reaing and p en-reartng
The first meihod depends on the production of 400-9 smolts according

to the schedule shown in FU. 2, and rearing subsequently in sea-cages

from May through October. Winter rearing in Iceland is not possible due
to the low temperature of the sea water, frequently approaching -1'C;
the lethai temperature for Atlantic salmon in sea water has been found
to be -0.7"C (Saunders et al., 1975). Limited experience in southern
Iceland, however, indicates that 400-9 smolts put in Eea-cages in early May
could reach 1.5-2 kg in October. This implies that some mixture of land-
and sea-rearing may be profitable.

Accelerated rearing of large one-year smolts has been performed at
"Sj6eldi" facility at Hafnir. The growbh information in these experiments
is shown in flC. 2, along with a calculated growth curve which as'sumes

maximum utilization of space and heated watet, but these have been lim-
iting factors in the "Sjdeidi" experiments. As seen from the figure, it is

possible to produce 400-9 smolts in 15 months from the time of start'
feeding. "Sjdeldi" experiments have shorn'n that these fish which are kept
at high temperatures throughout the winter (1O-12"C), with limited ex-
posure to natural light, smoltify readily in water at 11-15"/oo and can
tolerate an abrupt change to full salinities (35'1""; in May. Subsequent
rearing is done in sea-pens.

Pen-rearing during the -summer of 1983 using 33&g two-year smolts
shos'ed that none of the females and very few maies became sexua-lly ma-
ture despite a mean size of over L.5 kg in August. Similarly, pen-reared
one-year smolts averaging 0.95 kg (range 0.4-1.6 kg) in eariy September

3.5

o!

c
o
E

o

L
9
o
3

3-0

2.5

?.0

tl

Jan Apr Jut Oct Jan Apr Jul Oct Jan Apr Jul

i tst vear | 2no v"", | 3m vear

Rearing Period ( months )

Frg. 5. Comparison of projected gtowth rates for aeeelerated rearing of adults at 12'C
io Iceland (A) and conventional rearing in Norway (B) (from Braaten and Hogoy, 1982).
Also shown is a growth cune (C) erperienced at "Sdi" fucility (Helgason, 1982)' M
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1984 r+'ere checked for stage of sexual maturation. Out of 107 fish, 51
(487c) were males. Only 4 of those (8%) were advanced in maturation
(stages 3-5, Kesteven (1960)). None of the females showed any sign of
imminent maturation (stage 1). Using a hypothetical growth curve for
intensive rearing to market size (Fig. 5), one can speculate that these fish
could be reared to a mean size of 3-4 kg the following April without in-
terference from maturation processes, a.ssuming that matu.ration only oc-
curs during the summer months. The fish used in these experiments were
of the Kollafjordur strain and therefore have a tendency towards matura-
tion as grilse in ranching experiments.

Saunders et al. (1983), observing abnormally iow incidence of grilse
in cage-reared salmon compared to ranched salmon of the same dtrain,
hypothesized that this might be due to reduced feeding in mid-winter
caused by low temperatures which induced the fish not to matwe the
following summer. Similarly, abnormally small size (100 g) in January
in these experiments cou-ld upset the physiology of the fuh enough for
them not to mature the succeeding summer.

Accelerated rearing to adult size
A hypothetical growth curve for an accelerated rearing program to adult

size (4 kg) is shoun in Frg. 5. AIso shown is a generalized grorn'th curve
for pen-rearing of salmon in Norn'ay (Braaten et a1., 1982). The figure
shows that it wotrld take close to 2 years from initial feeding to rear a

3-4-kg salmon under an acceleraied program aL 12"C. On the other hand,
it takes an additional ,year or more to reach the same size in conventional
rearing in Norway, *{rich is subjected to seasonal fluctuations in tempera-
ture at all rearing stages.

It is likely that intensive rearing of salmon to market size in Iceland
will be done in land-units with great expenditure of energy for heating
and pumping. This requires fast turnover of fish in the facility. Strains
used must, therefore, have high grorn'fh during the first sea-year.

Ther mal p ower requirements

The thermal power required to heat water from 3'C lo l2'C for the
production of 100 000 oversize smolts is shown in Table III. Also shown
are monthly mean weights and conesponding waterflows. Experience
at Kollafjcirdur indicates that 100 000 3Sg smolts could be produced n'ith
one megarvatt. This corresponds to 3 l/s of 90 usable degrees centigrade
(100"C) water. This assumes that grading of smolt-size fish (25 g) into
unheated water stafcs in August-September. Furiher rearing of these smolts
to 400 g the following spring requires approximately 8 megawatts, cor-
responding io 22lls of 90 usable degrees centigrade.

Once the 400 g size is reached, one would assume that sea water rearing
wou-ld be desirable at least during the summer months (Saunders and
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TABLE IN

Energy required to produce 100000 one.year smolts of up to 400 g by heating rearing
water from 3'C to 12'C

Month Numbers of Mear: weight
fish (x 103)a of fish (g)

Total flow of Thermal power required
heated water (Us) (meg:awatts)

Februar5z
March
April
lrlay
June
July
August
September
October
November
December
January
February
March
April
May

160
130
120
115
110
109
108
107
106
105
104
103
102
101
100
100

0.1
4.2
0.7
1n

if - I

7.4
13.8
24.7
39.?
62.3
93.3

134.0
185.6
248.6
325.7
426.1

0.3
0.5
1.4
2.9
5.0
8.7

74.9
o1 I

31.5
46.8
64.6
8i.4

1 16.7
146.4
179.1
213.0

0.01
o.o2
0.05
0.10
0.20
0.30
0.50
0.80
1.20
1.? 0
2.40
3.30
4.40
6.50
6.70
8.00

aTheoretical mortality rates.

Henderson, 1969). As previously mentioned, this can be done in two ways,
either by pen-rearing dudng the summer months or by accelerated rearing
in sa-ltwater tanks with heated water. In the case of pen-rearing, no further
heating is needed and L00 000 oversize smoits couid be used to produce
over 200 tons of 2-kg salm6n. Rearing in tanks to full size is very energy
demanding both with respect to heating and pumping. One can estimate
that accelerated rearing of the 100 000 smolts to 4 kg, approximately
350 tons assuming normal mortalities, would require 30--50 megawatts
of thermai power for heating during the coldest part of the year. This
assumes the heating of sea water at natural temperatures, and the iower
figure applies to the south coast of Iceiand (3"C) while the high figure
refers to all other areas ((0';.

DISCUSSION AND CONCLUSIONS

N{ost of the artificial production of salmon in Iceiand is 1+ smolts, since

a! rearing stations are using geothermal or other energy sources to accele-
rate rearing. Ranching experiments at Kollafjcirdur Fish Farm indicate
that smolts ovel 25 g at release can have good return rates. Smolts which
are intensively reared in water at 12-13"C up to the time of taggng (March)
give satisfactory retums. All smolts spend at least 1 month in cold water
(3-5'C) before going into release ponds in early May. Release takes place

in early to midJune.
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Earlier experiments at Kollafiordur indicated that smolts need over
20 weeks in outdoor ponds before release (Isaksson, 1976) in order to
adjust to natural photoperiod and temperature, which seem to be prere-

quisites for normal smoltification (Saunders and Henderson, 1970).
The present experiments have reduced this to oniy 4--6 weeks, but in-
door rearing has undergone major changes and is not comparable. Firstly,
there has been a reduction in indoor lighting, allowing the fish to respond
better to natural light entering through overhead windows. Secondly the
2 X 2-m tanks are now half-covered with black polyethylene, creating
a natural shade which the fish tend to favour.

The grouth rates given in this paper have all been worked out for the
Kollafjordur strain. Norwegian experience shows that there is a gteat'varia-
tion in grornth rate between strains and even between families within the
same strain (Refstie, 1978). He also conciudes that rnost domesticated
stocks in Norrn'ay would have better growth rates than the best wild stocks.
The data presented here should therefore not be considered representative
for all Icelandic strains. Many hatcheries, in fact, using KollafjcirEur fish,
have found them faster growing and easier to rear than most wild strains.

Brannon et al. (1982) conciude that good return rates of zeroage coho
(Oncorhynchus kisutch) smolts can be obtained (.3--6V.\ if the smolts are

over 10 cm in fork length at the time of release. This corresponds to an

approximative weight of 10 g and there is no doubt that zero-age smoits
of Atiantic salmon would have to be at least 20 g for satisfactory survival.
It is also clear that the gron'th rates obtained *ith the coho are much higher

t1 84 than those obtained rn'ith sairnon in Iceland. Coho fry start-fed in Febr.rary
t t " ' \ can reach an average treight of 15-20 g in May (R. Severson, pers. comm''

- 
-' 19*"; but Atlantic sa-lmon fry starled at the same time reach orily 2-3 g.

,:") Tfrit ls true, even when rearing temperatures are elevated to 14-15"C (D.
Groman, pers. comm., 1!4"), indicating that higher rearing tenperatures
would be of questionable value for ihe Kollafjcirdur strain.

Grcwth rates of coho at Oregon-aqua facility in Oregon have increa.sed

a great deal in recent years, probabiy as a result of selection for rapici growth
(R. Severson, pers. comm., 1.!:I). Furfher progress in the produc+"ion

of zero-smolts in Iceland must therefore depend on further acceleration
of the hatching process, selection for rapid g:ovl'th and enhancing early
maturation of the adults.

Limited experience with zero-age smolts in Norway indicates that they
do not perform satisfactorily when put in seawater pens, compared with
one-year smolts (Boge, 1983). It shouid, howevet, be considered that these
fish were put in sea wat€r in fall and winter when temperatwes are not
as favourable as in the early summer. Fall releases of smoits in Iceland
have given poor return rates and indicates that early summer releases should
be used.

Apart from salmon ranching, Iceland seems to have some realistic methods
of producing salrnon for export uslng its geothermal resources. This is

!t'.-/ '\, 
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in most cases quite capital intensive with respect to facilities and running
costs including both a great deal of electricity for pumping and thermal
power for heating the rearing water. Recent studies in Iceland indicate
that such plants would be economical at the present salmon price levels,
especially when combined with thermal power plants (G. Bjcjrnsson' pers.

conun., 19xx). These methods are, however, .relatively more sensitive to
a reducti6i-ln salmon prices than conventiong(pen-rearing methods. How-
ever, it is likely that future development of-ffion cultrue in Iceland will
be along these lines, together with pen-rearing during the summer. These
methods all make such demands on local conditions with respect to geo-

thernal energ-v, water supply, etc., tJrat the production will probably be

Iimited to reiatively few sites with a great quantity produced at each site.
Due to the high cost of building rearing stations and the time that one

has to wait for financial retum, it seems likely that the stations will be

orn'ned by communities, large corporations or govemment. Since such

industry must be considered high risk for a number of reasons, there has

been very littie public support or funding available for investment in salmon
culture. The same is true for research in supporf of such aquacuiture de-

velopment. Those trends must change if salmon culture is to thrive in
Iceland.
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