


It can be concluded that

compounds present in resident

factor in the use of Jackfish

.

4.4 ADDENDUM-
~E SCAN OF FISH MUSCLE TISSUE FROM JACKFISH LAKE

Total concentrations of organochloride compounds present in muscle

tissue from northern pike and whitefish collected from Jackfish tie,

N.W.T. were low (Table 1) andwell within National Health and Welfare

gu ide l ines  f o r  comer c i a l  f i s h (D. Muir, Freshwater Institute,

Winnipeg, personal comnunication) .

Arctic charr would be expected to have slightly higher

organochloride levels than reported here however, due to the higher

fat:protein ratio of muscle tissue of charr than either pike or

whitefish, but are not expected to be a problem.

due to the low levels of organochloride

fish of Jackfish Lake, this will not be a

Lake for aquiculture purposes.



Table 1. Analysis of total organochloride compounds present inwhitefish and pike muscle
tissue collected from Jackfish La,ke, N.W.T. on 26 Feb~ry, 1987. All units am
in rig/g wet weight (parts per billion. )

-und* Pike Whitefish

CBz
HCH

CliLOR

DDT

PCB-T

AWl:l

TWA

DIELDRIN

FCB’s

TRI

m A

HEPl?A
(13TA
NON/DEC

0.18
0.38
0.26

36.36
17.22
13.63
10.39
0.05

1.70
4.84
3.62
4.14

2.39
0.50
0.03

0.29

0.96

0.30

24.34

12.52

9.00

7.49

0.10

1.41

4.05

2.52

2.75

1.48

0.29

0.02

* CBz =
HCH =
CHLOR=
DDT =
FCB-T =
ARo=
mxA=
TRI =
TE13?A=
PENTA =
HExA=
HEPTA =
OCTA =
NON/DEC =

chlorobenzenes
hexachlorocyclohexanes
chlodane - related compounds
D~ related compounds
total polychlorobiphenyls
PCB’S ss Aroclor 1254-1260 equivalents
toxaphene
trichloro - PCB
tetrachl.oro-PCB
pentachloro-WB
hexachloro - FKZI
heptachloro - ~
octachloro - lzB
nona, decachloro - PCB



—

FEASIBILITY OF THE INTENSIVE CULTURE
OF ARCTIC CHARR (Salvelinus alpinus)

AT JACKFISH LAKE, N.W.T.

By

R. F. Baker

North/South Consultants Inc.
661 J?embina Highwsy
Winnipeg, Manitoba

R3M 2L5



TABLE OF CONTENTS

1.0 INTRODUCI’ION . . . . . . . . . . . . . . . .

2.0 REVIEW OF TECHNICAL INFORMATION . . . . . . .
2.1 ARCI’IC CHARR ACQUISITION . . . . . . . .
2.2 EARLY LIFE HISTORY . . . . . . . . . . .
2.3 FACIORS AFFECTING GROWI’H . . . . . . . .

2.3.1 Effect of Temperature . . . . . ,
2.3.2 Food Ration . . . . . . . . . . .

2.3.2.1 Food Conversion Efficiency

2.3
2.3
2.3
2.3

2.3.2.2 Nutritional Requirement
2.3.2.3 Size Effects . . . . . .
2.3.2.4 Feeding Frequency . . .
3 Effect of Fish Size on Growth .
4 Variation in Size and Growth .
5 Density . . . . . . . . . . . .
6 Loading Rate . . . . . . . . .

2.3.7 Water Quality . . . . . . . . .
2.3.’i.l C)xYgen . . . . . . . . .
2,3.7.2 Anunonia . . , , . . . .
2.3.7.3 Nitrogen . . . . . . . .
2.3.7.4 pH . . . . . . . . . . .
2.3.7.5 Alkalinityor  Hardness .

[

N

:

.
●

●

✎

✎

●

✎

✎

✎

●

✎

✎

●

.

.

.
●

●

✎

✎

✎

●

✎

●

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

.

.

.

.
●

✎

✎

✎

✎

●

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

●

●

✎

●

✎

✎

●

✎

✌

●

✎

✎

✎

●

●

●

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

●

✎

✎

✎

●

2.3.7.7 Organic and Chemical Contaminants
2.3.8 Water Source . . . . . .
2.3.9 Fish Health . . . . . . .
2.3.10 Genetics . . . . . . . .

3.0 FEED TYPEEVALUATION . . . . . . . .
3.1

3.2

3.3
3.4

GENERAL NUTRITIONAL REQUIREMENTS
3.1.1 Protein . , . . . . . . .
3.1.2 Lipid . , . , . . . . . .
3.1.3 Carbohydrate . . . . . .
3.1.4 \;i&ins and Minerals . .
FEED TYPES.. . . . . . .,.0

3.2.1 Wet Feed . . . . . . . .
3.2.2 ?loist Feed . . . , . . .
3.2.3 Dry Feed . . . . . . . .
TYPESOFFEEDERS . . . . 0 . . .

,
.
.

.

.

.

.
●

✎

✎

●

✎

●

✎

.
.
.

.

.
●

✎

✌

✎

✎

●

✎

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0

.

.

.

.

●

.

.

●

,

.

.

.

0 .

,
.
.

.

.

.

.
●

✎

✎

✎

●

✎

✎

.
.
.

.

.

.

.
●

✎

0

.

●

.

●

.

●

✎

✎

✎

✎

✎

●

✎

✎

●

✎

EVALUATION OF C@l?fER CIALLYPMIWJFACTUREDF EEDS
3.4.1 Source . . . . . , . . . . . . . . . .
3.4.2 CostsndVoltnne . . . . . . . . . . . .
3.4.3 Availability . . . . . . . . . . . . .
3.4.4 Handling and Storage Requirements . . .

.
.
.

.

.
●

✎

●

✎

✎

●

☛

✎

✎

✎

✎

✎

✎

✎

.

.

.
,
●

✎

✎

✎

✎

✎

●

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

●

✎

●

✎

✎

✎

✎

✎

✎

●

●

✎

✎

✎

✎

✎

✎

✎

0

●

,

.

.

●

.

.

.

.

●

.

.

.

.

.

.

●

.

4

.

●

●

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

0

.

.

.

.

.

.

.

.

●

,

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

●

✎

✎

✎

✎

●

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

1

3
3
4
6
6
9
9

10
10
11
11
12
14
16
17
18
19
19
20
20
20
21
22
23

..,-

::
26
26
27
27
28
28
28
29
30
31
31
31
32
33



4.0

5.0

6.0

‘7.0

8.0

iii

3.5 EVALUATION OF LOCALLY MANUFACTURED FEED . . . . . . . .
3.5.1 Diet Formulation . . . . . . . . . . . . . . . .
3.5.2 Equipment Requirements and Cost . . . . . . . . .
3.5.3 Availability of Feed Ingredients . . . . . . . .
3.5.4 Annual Cost of Manufacturing Feed . . . . . . . .
3.5.5 Storage andllandling Requirements . . . . . . . .

3.6 COST COMPARISON BFZ’WEEN MANUFACTURED AND COMMERCIAL
FEEDs . . ● . . . . ● . . . . . . . . . . . . . . . . .

PHYSICAL SUIT.ABILITYOF JACKl?ISHL&KE  . . . . . . . . . . . .
4.1 LIMNO~ICALASSESSMENT  . . . . . . 0 0 . . . 0 . . . .

4.1.1 Seasonal Temperature Regime . . . . . . . . . . .
4,1.1.1 Effects of water Temperature on Cage

Culture . . . . . . . . . . . . . . . . . . .
4.1.1.2 Effect of~ater Temperature on Tank

Culture . . . . . . . . . . . . . . . . . . .
4.1.2 Seasonal OxTgenRegime  . . . . . . . . . , . . .

4.1.2.1 Effects of Oxygen on Cage Culture . . . .
4.1.2.2 Effects of OxTgen on Tank Culture . . . .

4.2 WATER CHEMISTRY . . . . . . . . . . . . . . . . . . . .
4.2.1 Evaluation of Dissolved Minerals andpH . . . . .
4.2.2 HeavyMetals Analysis . . . . . . . . . . . . . .

4.3 Fish Health . . . . . . . . . . . . . . . . . , , . . .
4.4 Tissue Analysis of Hydrocarbon and organochloride

Contamination . . . . . . . . . . . . . . . . . . . . .

EVALUATION OF THE NCPC JACKFISH LAKE ELECTRICAL GENERATING
STATION . . . . . . . . . . . , . . . . , . . . , . . , . . .

EVALUATION OFCULTURESYSTEM8 . . . . . , . . . . . . . . . .
6.1 Cage Culture . . . . . . . . . . . . . . . . . . . . . .

6.1.1 Capital Investment . . . . . . . . , . . . . . .
6.1.2 Operational Cost . . . . . . . . . . . . . . . .
6.1.3 Maintenancea nd?lonitoring . . . . . . . , , . ,
6.1.4 Water Quality . . . . . . . . , . , . . . . . . .
6.1.5 GrowthandYield . . , . , . . . . . . . . . , .
6.1.6 Em’ironment . . , . , . , . . . . . , . . . . . .
6.1.7 Disease . . , . . , , . . . . . . . . . . . . . .
6.1.8 Predation, Theft and\;andalism  . . . . . . . . .

6.2 Tank Culture . . , , . . . . . . . . . . . . . . . . . .
6.2.1 Capital Investment . . . . . . . . . . . . . . .
6.2.2 Operational Costs . . . . . . . . . . . . . . . .
6.2.3 Maintenance and Monitoring . . . . . . . . . . .
6.2.4 Water Quality . . . . . . . . . . . . . . . . . .
6.2.5 GrowthandYield . . . . . . . . . . . . . . . .
6.2.6 Environment . . . . . . . . . . . . . . . . . . .
6.2.7 Disease . . . . , . . . . . . . . . . . . . . . .
6.2,8 Predation, Theft and Vandalism . . . . . . . . .

CONCLUSIONS. . ● ● . . . . . . . . . . . . . . . . . . . ● .

IwmlMJmDATIOIW FORFUTUR.ESTUDIES . . . . . . . . . . . . .

33
33
34
35
35
37

37

38
38
38

39

40
40
41
41
42
42
43
44

44

46

,q,-

i;
47
47
48
48
49
49
50
50
50
51
52
52
52
53
53
54
54

55

58

[

N

E



iv

9.0 A~ . . . . . . . . . . . . . . . . . . . . . . 60

TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

APPENDIX1 BASIC BIOLOGY OF ARCHC CHAR.R . ...0 . . . . . . 93

APPENDIX 2 ESTIMATED PRODUCI’ION CAPABILITY OF HWOTHETICAL
INTENSIVE AQUACULTURE FACILITY FOR JACKFISH L4KE,
N.W.To . . . . . . . . . . . . . . . . . . . . . . . 94



v

LIST OF TABLES

Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Sulmnary of possibilities for new production of fish in
the no;th by various methods including enhancement and
_ulture (after AYles 1980).* . . . . . . . . , 67

Comparison of specific growth rates (% bcd.v wt./day) of
Arctic charr at different sizes and temperatures . 68

-risen of feed:gain ratios of different strains of
Arctic charr fed different rations. . . . . . . . 69

A standard feeding table based upon the relationship
between fish size (g) and temperature (“C)[taken from
Hilton and Slinger (1981)]. . . . . . . . . . . . 70

The relationship between water quality on flow, loading
rate, (kg/l/rein), density (kg/ins) and hourly exchange.
These values are based on the availability of 10,00
l/rein flow and individual raceway rearing volumes of
60 m3 (after Westers 1983). . . . . . . . . . . . 71

U.S. Environmental Protection Agency water quality
standards 1979-1980 (from Daily and Economon 1983). 72

Vitamin requirements and deficiency symptoms in
salmonids (after Hilton and Slinger 1981). . . . . . 73

A list of ingredients contained in different diets
accordi~u to lifestages as manufactured by BIOPRODWTS
INC. (Warrenton, Ore). . . . . . . . . . . . . . . . 74

lMartin Feed Mills, Elmira, Ontario, trout feed
information. Costs as quoted 24 February, 1987 . . . 73

Water quality analysis of Jackfish Lake, N.W.T. during
26 February, 1987. .411 units in mg/1 unless othem’ise
stated . . . . . . . , . ● . . . . . . . . . . . . . ’76

Results of hea~~’ metal analysis of water samples
collected from Jackfish Lake, N.W.T. on February 26,
1987 . . . . . . . . . . . . . . . . . . . . . . . 77

Physio-chemical characteristics of water samples
collected from Jackfish Lake during 1977 and 1978.
All values are inmg/1 unless otherwise stated. “W”
meanssamplewasnot taken. . . . . . . . . . . . 78

summarized, comparative evaluation of cost, and
environmental and biological parameters as they
applytoJackfish Lake, PJ.W.T. . . . . . . . . . . 79



vi

LIST OF FIGURES

Figure 1.

Figure 2.

Figure 3.

Figure 4a.

Figure 4b.

Figure 4c.

Figure Al.

Figure AZ.

Location of Jackfish Lake, N.W. T. in relation to
the city of Yellowknife. Location of the Northern
Canada Power Commission (NCPC) station and
sampling locations areas indicated. . . . . . . . .

Relationship between specific growth rate (% body
weight/day) and temperature (Oc) for rainbow trout

and Arctic charr from Labrador and Norway (after
Baker1983) . . . . . . . . . . . . . . . . . . . . .

Comparative evaluation of time (&ys) required for
Arctic charr to reach harvest size (250 g) at
different temperatures . . . . . . . . . . . . . . .

Temperature (oC) and ox~gen (u/l) profiles for
Jackfish Lake, N.W.T., collected during the summer of
1980 (after Roberge and Gillman 1986) . . . . . . . .

Temperature (oC) and ox~-gen (mg/1) profiles for
Jackfish Lake, N.W.T., collected during the winter of
1980-1981 (after Roberge and Gillman 1986) . . . . .

Temperature (°C) profiles of five stations from
Jackfish Lake, N.W.T. on 26 February 1987 . . , . . .

Estimated number of days for Arctic charr to achieve
a minimum weight of 250 g at different temperatures
based on a growth model for rainbow trout by Papst ~
@_. (1982) . . . . . . . . . ● . . . . . . . . . . .

Schematic diagram of proposed hypothetical intensive
culture facility, This scheme depicts only half of
the proposed
production of
obtain total
facility . .

total of 44 tanks. Estimates of
this single system should be doubled to
production estimates for the entire
.,,,. . . . . . . .*..,. . . .

80

82

84

86

88

90

96

98



1

1.0 IN’I’RODucrIoN

Recently aquiculture, or the farming of finfish, shellfish and

aquatic plants, has been identified by government and private industry

as an area with significant  potential for new growth and development.

Integrating Canada’s abundant natural resources with the developing

science and technology of aquiculture can provide valuable opportuni-

ties for supplying the increasing d forCanadian export market demsn

fresh fish, generating employment and creating new economic opportun-

ities.

Worldwide, aquiculture is a rapidly

experienced a growth rate of 67% during

1985). Thedevelopnent  of aquiculture in

expanding industry having

thepastdecade (MacDonald

Canada however, has been

limited and slow. Our low level of aquiculture development relative to

other countries, is due primarily to the abundance of our wild fish

resources and our environmental conditions.

tonnes of fish and shellfish

million tonnes of wild fish.

of aquiculture production in

Aquiculture development

in 1984 versus

Contrast this

China the same

is typically a

terized by slow initial growth. There

Canada produced only 6,000

a total production of 1.24

with the 2.5 million tonnes

year (MacDonald 1985).

long term process, charac-

are numerous problems to be

overcome such as nutrition, disease, genetics anda technology which

has been developed for specific application to a southern, temperate

climate. Additional problems specific to canada snd the north exist

such as weather, transportation, high operational costs, cold water and

competition from other fish (~yles 1980, Table 1). Additional research

is required to develop a technology specific to aquiculture in the

Northwest Territories.

Interest in developing Arctic charr (Salvelinus alpinus) as an

aquiculture species in Canada has been increasing due to its value,

limitd availability and its unique Canadian identity, Biologically

Arctic charr also may be better suited to aquiculture in Canada than

more traditioml species such as rainbow trout because charr are well

adapted to cool water, of which we have an abundance.
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Intensive aquiculture of Arctic charr has recently been examined

by researchers in Norway (Gjdrem and Gunnes 1978, Wandsvik and Jobling

1982, Jobling 1983a, 1983b and others) and in Canada (Baker 1983, Papst

andHo~ 1984). Initial results indicate that Arctic charr require

cooler waters than other salmonids and a high qualityof food to

achieve maximum growth rates. In (2anada, most of our water is too cold

to provide for maximum growth year round and therefore mustbe heated

to achieve optimum growth temperatures. As energy and food require-

ments are the major costs of an aquiculture operation, these must be

reduced if intensive culture of Arctic charr is to be viable. Use of

low grade or waste heat from liquified natural gas compressor stations,

mining or smelting operations and electrical generating stations have

been identified as potential energy sources (A..les et al. 1980).

The purpose of this study is to assess the biological and techno-

logical feasibilityof intensive aquiculture of Arctic charr utilizing

waste heat generated from a Northern Canada Power Ccmnnission (NCPC)

electrical generating station on Jackfish Lake, near Yellowlmife,

N.W.T. (Fig. 1). This station operates at least nine months of the

year providing up to 11,250 L/rein of 400 C water, which could be used

to supplement lake v+ater for the culture of charr either in cages or in

raceways.

This study also evaluates relative technological, economic and

nutritional merits of providing a locally manufactured fish feed

derived from coarse fish, available in large quantities from the Great

Slave Lake commercial fishery, versus an imported, commercially

manufactured feed. Although this report addresses the specific

suitability of Jackfish Lake for Arctic charr aquiculture, these

results have a broad applicability to the general feasibility of

intensive aquiculture of Arctic charr, utilizing waste heat, in the

Northwest Territories.

nNs
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2.0 REVIEW OF TECHNICAL INFDRIWTI~

Incltied  in this section is a review of the technical information

pertaining to the intensive aquacultureof Arctic charr. This informa~

tionwas gathered from all available published material, from unpub-

lished material kindly providedby individuals who work or have worked

with Arctic charr and from personal contact with individuals in Canada)

Scotland, Denmark and Norway who are involved in aquiculture research.

Arctic charr have not been successfully raisd in freshwater in

Scotland or the Scandinavian countries. Nitety-five percent of all

aquiculture in these countries involves sea cage culture, primarilyof

Atlantic salmon and rainbow trout. Arctic charr perform poorly in sea

cages (Gjedrem 1975a, Gjsxlrem and Gunnes 1978) and attempts at their

culture exclusively in freshwater has not yet been attemptedon a

conmnercial  scale. Research on Arctic charr aquiculture in Scancknavia

is still in its early stages but is developing rapidly.

The following section provides a synopsis of the technical

information available on the intensive culture of Arctic charr. This

begins with the procedures which initially must be followed to obtain

and establish a source of Arctic charr, followed by a discussion of the

biological and physical environmental factors which affect growth and

development of arctic charr from early life stages to juvenile fish.

2.1 ARCfIC CHARR

Acquiring up

established, will

ACQUISITION

to 200,000 eggs annually, until a brood stock cank

be both costly and difficult. The first obstacle

will be identifying populations which are known to be free of

infectious diseases (see Section 2.3.7).

Selection of an Arctic charr population should be based upon

previously lmown data in order that the risk of importing diseased eggs

is minimized. The imported eggs must then be held in a quarantine

facility until certified disease free in order to eliminate contact

with non-diseased fish or eggs.

It is strongly recommended that Arctic charr eggs are obtained

from at least two geographically distinct populations (strains) so that
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if a particular strain is infected with a disease, a source of eggs

would still be available so that production could continue. In

addition, it is desirable to evaluate the perfonnance of different

strainsunderc omercial aquiculture conditions in order that the

better strain can be utilized for production purposes. Further

information on obtaining a certified disease free stock of fish is

detailed in the Canadian Fish Health Protection Regulations.

The basic biologyor life history of Arctic charr is discussed in

Appendixl. Arctic charr are fall spawners, reproducing primarily in

lakes between September and October, depending upon latitude. It is

during this time that

unpredictable thus making

It is therefore necessary

Spwn.

2.2 EARLYLIFEHISIURY

weather conditions deteriorate snd become

the collection of eggs potentially difficult.

to know exactly when and where the charr will

The facilities required in which to rear Arctic charr from egg to

swim-up or feeding fry are the same as those required for other

salmonids, however the conditions under which chsrr must be reared are

slightly different.

Eggs are reared in standard Heath trays until shortly before yolk-

ssc absorption is completed. They are then transferred to raceways

before they begin to “swim-up” to commence feeding.

It is important that early development of eggs (at least until the

“eyed” stage) occur in cold (60-80C) water (Swift 1965). Before the

eyed stage the eggs should be maintained in a darkened area and should

not be handledas they are quite

during this period is generally a

standard application of malachite

(eyes become visible in the egg),

fragile. Fhngal growth on dead eggs

problem, but canbe treated with a

green. Once the eggs become eyed

they are more resilient and canbe

handled. It is very important that high water ”quality standards are

maintained throughout all early life history stages (see Section

2.3.5). Water temperature has the greatest influence on development and

survival of eggs and growth of jweniles. Swift (1965) reared Arctic
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charr eggs at temperatures ranging from 40 to 120 C. The relationship

between temperature, hatching time and mortality is as follows:

Temuerature ( 
0 c)

4

6

8

10

12

In order to gain the

D aYS to  Hatch % Mortality ‘

97 6

76 8

54 14

41 90

36 97

best compromise between the number of days

required to hatch the eggs and the percent mortality of the eggs a

temperature of 80 C is recommended. Accelerated yolk-sac absorption,

earlier feeding and increased growth can be achieved by maintaining

water temperatures at 100 C from hatch until swim-up ~ 12° C there-

after. It is estimated that approximately 6-8 weeks would be required

to reach 1 g following this regime as compared to the 4 months normally

required at a constant temperature of 6.50 C.

Baker ( 1981) exposed eyed Arctic charr eggs to temperatures of 60,

80, 100 * 120C, At 100 C survival of eggs and alevins remained high

(89%), while at 120c survival fell off to less than 50%.

The overall estimated mortality of wild eggs importd to the

Fisheries and oceans, Rockwood lkperimental Hatchery from Labrador and

Norway in 1980 was 10-15%, with an additional 10-15% mortality occurr-

ing between alevin and fry stages. Baker (1983) and M. Papst (Fisher-

ies and Oceans, Winnipeg, personal coxmnunication) have both reported

that loss of individuals due to cannibalism had occurred, although this

was never directly observed,

Ina first attempt at the development of a brood stock of Arctic

charr, Papst and Hopky (1984) reported amorality of 83% to the eyed

egg stage and 92% to hatching. This high mortality was due primarily

to a low rate of egg fertilization. Improvements in fish husbandry, of

charr, better timing and co-ordination of maturity within and between

sexes, correct environmental manipulation and the use of hormones to

induce maturity canbe employed to significantly reduce egg mortality.
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Increases in survival of eggs at the Rockwood Hatchery have since been

documented (M. PapSt, personal coxmnun ication ) .

2.3 FACXX?S~INGGRC%W!H

Many factors, both environmental and genetic affect growth rate

and efficiencyof food utilization of fish. The most important factors

are temperature, food ration and fish size. No one factor operates

independently, rather they combine to operate synergistically, affect-

ing growth and food conversion efficiency. A rise in temperature may

increase growth rate and food ration requirements, however these

changes will be tempered simultaneouslyby changes in fish size. The

process of growth is a complicate, interactive one dependent upon mny

factors.

Each of the major factors which influence growth rates; tempera-

ture, food ration, fish size and density, will be discussed separately.

First, their general influence, followed byan evaluation of their

specific effects on Arctic charr. In addition the parameters of water

source and quality, fish health snd genetics will bediscussedaz they

relate to Arctic

2.3.1 Effect of

Temperature

charr.

Temperature

is the most important environmental factor influencing

the growth and activity of fish. Because fish are cold bloc&d, their

rate of activity is directly determined by temperature.

At low temperatures all physiological activities including growth,

will also be low. As temperatures increase growth will increase until

such a point is reached ~-here further increases in temperature will not

produce a further increase in growth rate rather, rates of growth will

decline. The point at which growth is highest is called the optimum

growth temperature.

The optimum growth temperature, as well as the temperature

over which high rates of growth are achievd, differ widely

salmonid species.

range

among

The optimum temperature for growth of Arctic charr is between 120

and 13°C (Swift 1964, h’andsvik and Jobling 1982, Uraiwan 1982 and Baker
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1983), relatively lower than for most other Sahonids.  @timum growth

temperatures range from 15-160C for the Pacific salmon to 170 _ 180c

for rainbow trout (Brett 1979, Hokanson et al. 1977). 8wift (1964) was

the first to culture charr over a wide range of temperatures (40-

180c) ~ fo~that  gro~was highestbetween  lZO  and lQoC  andpoor

at 40 and 180C. Wandsvik and Jobling (1982) rearing charr in fresh-

water in N~rwayat 30, 8050 ~ 130C observed that growth and feed

intake was highest at 130C. Uraiwan (1982) compard the growth rates

of Arctic charr, brook trout and rainbow trout at 4 temperatures (10,

13, 16, 190C) and found that growth of the Arctic charr was highest

(2.O%bodY weight/day) at 100 C, exceeding that of both the brook and

rainbow trout (1.8%/day).

Inan extensive study Baker (1983) grew two different strains of

Arctic charr and one strain of rainbow trout simultaneously over a wide

range of temperatures and fish sizes. He found that at low tempera-

tures, growth rates of all strains were low and similar. Between 100

and 140C specific growth rates of the Arctic charr strains were at

their highest level, up to 2.0% body weight/day (Fig. 2). Growth rates

of the rainbow trout however exceeded those of the charr at 140C and

remained high at 190C.

At 140C near the optimum growth temperature, the mean weight of

the charr increased from 10.2g to l15g in approximately 140 days (Table

2, Fig. 3). To estimate the number of days required to produce a 250g

fish it was necessary to extrapolate the data using a simple growth

model given in Baker (1983). To produce a charr of mean weight 250g an

titional 55 days growth under similar conditions would be required.

Although charr have a lower optimum temperature for growth than

other salmonid species, they normally do not have a higher rate of

growth than other salmonids at this or lower temperatures. Arctic

charr do not appear to be better adapted or suited to intensive culture

at lower temperatures than other salmonids. To achieve the highest

rate of growth possible, culture temperatures should be maintained as

close to the optimum growth temperature for charr as possible.

Papst and Hopky (1983) were the first workers to have attempted to

raise Arctic charr in acomnercial production system utilizing waste
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heat and water recirculation. Charr were stocked in 1500 litre tanks

at an initial size of 202g and raised at a mean temperature of 13.30C

for 209 days. Mean weights and specific growth rates for the charr

during each growth interval are given in Table 2 and illustrated in

Fig. 3. At day 209 the mean weight of the population had increased to

158g. Using the data provided and a projected average specific growth

rate of l.0%/day,  it is estimated that an additional 45 days would have

been required for the population to achieve a mean weight of 250g.

Thus, to raise acharr from 2g to market size at the optimum growth

temperature, approximately 254 days would have been required (Fig. 3).

At the end of day 209 however, only 28% of the population exceeded

200g in weight, with a weight range of 20g to 530g. This considerable

variation in growth rate has also been observed by Jobling and Wandsvik

(1983a), Baker (1983), Jobling (1983a and 1983b) and Jobling and

Reinsnes (1986).

At lower temperatures, the time required to achieve market size

increases greatly. Based upon data providedby Wandsvik and Jobling

(1982) and Baker (1983) it is estinated that at a mean temperature of

90C, it would take approximately 510 days to growa fish from 2g to

250go Thus roughly 40-50 additional days of growth are required to

achieve market size for every degree that average culture temperatures

are below the optimwn range.

As the studyby Papst and Hopkey (1983) was a first attempt at

commercial production, I feel that this estimate is somewhat exagger-

ated. Reduced handling stress, better temperature control, extended

feeding times, experience and other factors will reduce the time

requirai  to produce a market sized product.

Considerable differences in growth rate, as well as the tempera-

ture range over which high growth is maintained also exists between

strains of Arctic charr. Baker (1983) found that charr from kbrador

maintained significantly higher growth rates and food conversion

efficiencies over a wider temperature range than didcharr which

originated from Norwiy.

In summary,the optimum temperature for growth of Arctic charr

appears to be between 120 and 130C, however the rate of growth can vary
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considerably depending upon genetic differences (the origin of the

particular strain) and environmental differences such as the type of

culture system employed, culture density, water quality, type of food

ad other factors.

2.3.2 Food Ration

Food ration requirements of fish depend primarilyupon temperature

and fish size. At low temperatures, metabolism and growth are lowand

less food is required by the fish to satisfy these demands. As

temperatures increase, metabolic processes become more efficient and

more enera becomes available for growth, however nutritional demands

also increase. Above the optimum growth temperature, food ration

requirements remain high but growth is reduced due to the decreased

efficiencyof food utilization. Thus food conversion efficiency or the

efficiency with which the fish converts food into flesh is greatest

nearest the optimum growth temperature.

2.3.2.1 Food @aversion Efficiency

Food conversion efficiency, commonly representedas the feed to

gain ratio, is calculatd by dividing the total weight of foal fedby

the gain in wet weight of fish produced. The smaller the ratio, the

more efficient the conversion of food to flesh. A fish with a

feed:gain ratio of 1.4 will gain 1 g of weight for every 1.4 g of food

fed. Considerable differences in feed:gain ratios exist between

different strains of Arctic charr fed the same diet (Table 3). Growth

and food conversion efficiency depends not only upon quantity of food,

but also on the composition of the diet. Baker (1983) found that the

charr from the Fraser River in Labrador were much more efficient

(1.4:1) and had higher growth rates than charr from Sunndalsora, Norway

(2.1:1). Tabachek (1984)

between strains as well

efficiency of charr fed

between 1.4:1 up to 2.4:1

diet (Table 3).

has found similar, considerable differences

as substantial differences in conversion

different diets. Feed:gain ratios varied

for Sunndalsora charr, depending upon the
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2.3.2.2 Nutritional Requirement

Ina limited study, Jobling and Wandsvik (1983c) concluded that

the protein requirements of charr were similar to those of trout, and

that a comnercial trout food would satisfy the

charr. Tabachek (1984) however suggests that

tional requirements, nutritional tolerance to

digestibility exists between trout and charr

nutritional demands of

differences innutri-

dietary ingredients or

and possibly between

strains of *. Interstrain differences in carbohydrate and protein

requirements have been previously demonstrated for rainbow trout

(Austreng and Refstie 1979, Refstie and Austreng 1981).

Tabachek (1986) presented Arctic charr with nine different diets

of varying protein: lipid ratio’s. She found that charr utilized

protein more efficiently with an increase in dietary lipid, and that

maximum weight gain and food conversion efficiency occurred at the

highest protein:lipid ratio (54%:20%) tested. Economically, food with

a ratio of 44%:20% was less expensive, producing the lowest feed cost

per unit weight gain, however growth rates were 6.8% lower. The

protein:lipid ratio requiredby rainbow trout is 35% protein to 15-20%

lipid (Takeuchi et al., 1978), thus it appears that contrary to Jobling

and Wandsvik (1983), nutritional requirements of charr may not be

optimally satisfied by commercial trout food. A higher protein:lipid

ratio may be required.

Selection of a strain of Arctic charr

high feed:gain ration and employment of

specific nutritional requirements of charr is

cial success of any aquiculture operation.

2.3.2.3 Size Effects

which has demonstrated a

a diet formulated to the

essential to the comner-

The nutritional demands of fish also change with

smaller fish require a relatively greater smount of food

tion of their body weight, thsn do larger fish.

Standard feeding tables have been developed to

specific demands of salmonids which dictate the amount of

size. Young,

as a propor-

satisfy the

food required

tobe fed to the fish, based on water temperature and mean weight of

fish (Table 4 after Hilton and Slinger 1981). For example, at 120C a
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fish having a mean weight 5g should be fed 4.3% of their body

weight/day. If the tank contains 10,000 fish, 2.15kg of food should

be given (10,000 x .005g x .043% = 2.15 kg).

Feeding tables have been developed primarily to satisfy the nutrit-

ional demands of rainbow trout and salmon. Baker (1983) has found

that the qualityof food demanded by different strains of Arctic charr

can vary, thus current feeding tables for rainbow trout, although

useful, will initially only serve as a rough guide. lhisting tables

emandsof Arcticcharr as moreshould be modified to suit the specific d

experience in their culture is gained andadjusinents  according to

genetic (strain) and environmental differences are incorporated. A

feeding table developed

efficiency and reduce cost.

2.3.2.4 Feeding Frquemy

for charr will improve food conversion

The frequency with which fish are fed also affects growth rate.

Young, swim-up fish shouldbe fedup to 20 times per day. This rate is

reducedto 8-10 times per day for fingerlings (<5g), 4-5 times per day

for fish between 5 and 50g and 2-3 times for fish exceeding 50g (Brett

1971)0 Frequent feeding of fish for shorter durations will decrease

wastage ad increase growth. Hilton and Slinger (1981) recommend that

fish not be overfed so that they maintain a keen appetite at each

feeding, the result being higher growth rates. Feeding charr over a 12

to 16 hour period rather than 8 hours each day may also increase growth

rates (Baker 1983). The method of feeding will be discussed in Section

3.3.

2.3.3 Effect of Fish Size on Growth

Generally, a fishes growth rate declines with a progressive

increase in

weight/day;

6%/day at

1%/day over

There

size. The specific growth rate (gain as a% of its body

Bertlanffy 1957) of small fish (lg) can be as highas 5-

the optimum growth temperature, but decline to less than

2oog.

is a fairly well established loge linear relationship

between declining growth rate with increasing loge size. This
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relationship seems to be consistent for a wide variety of salmonids.

Brett ad Shelbourn (1975) have suggested that aslopeof -0.41 (+/-
.04) is characteristic of the family. The form of the equation is as
follows:

log, (specific growth rate) = a- 0.4 (lOge weight)

Thus the decline in Iog, (growth) varies directly SCCoxding to

increases in logb (weight). The greater the increase in weight, the

more reduced the growth rate. The intercept ‘a’ will vary according to

tal differences (i.e. temperature,environment ration) and genetic

(strain) differences. The reduction in the amount of food required

with increased size is incorporated in feeding tables (Table 4).

Several studies have been performed which examine the relationship

between size and growth rate on Arctic charr. Jobling (1983a) reared

charr from 18 to 135g over 6 months at 100C and found that the mte of

decline in the specific growth rate of charr with size was -0.325,

slightly lower than the rate of -0.41 described by Brett and Shelbourn

(1975). Similarly, Baker (1983) also found that growth rates of charr

did not decline as rapidly with size as for other salmonids. This may

be significant in that charr may be able to maintain relatively higher

growth rates at larger sizes than other salmonids and thus maybe

better suited for culture to larger sizes.

2.3.4 Variation in Size snd Growth

During experimental growth trials it has been found thata

tremendous variation in growth rate and size develops {Jobling 1983a,

1983b, Baker 1983, Papst and Hopky 1984, Jobling 1985, Jobling and

Reinsnes 1986). These size distributions are remarkablysimilar

despite differences in strains and conditions. They are characterized

by having a number of large, fast growing individuals, a wide range of

intermediate sized fish and a group of very small fish, often no larger

than the initial weight. In parallel growth trials with charr, rainbow

trout have been much more uniform in size (Baker 1983, Papst snd Hopky

1983).
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This great size variation represents a serious obstacle to the

comercial success of Arctic charr culture. Multiple harvesting

periods to harvest fish as proportions of the population achieve market

size will increase labour costs

reduce overall growth rates. In

does not achieve market size in

erable amount of potential, tank

andtheincreas ed handling stress will

addition, if 20-30%of the population

a reasonable amount of time, a consid-

space, food, time and money are lost.

Reasonsasto why this occurs are complicated. Jobling and

Wandsvik (1983a) and Jobling (1985) have observed aggressive behavior

of larger fish towarda smaller fish, thus increasing stress, reducing

feeding efficiency and growth rate. However, in studies by Papst and

Hopky (1983) and Jobling and Reinanes (1986) where ‘small’ and ‘large’

fish have been separated and allowed to grow, no differences in growth

occurred. Larger fish maintained unusually high growth rates while the

small fish continued to

hierarchial factors are

size and growth, buta

to genetic factors.

perform poorly. Thus itappears that social or

not the sole basis for the wide variability in

great deal of the variability can be attributed

In the wild a similar variability in growth rate occurs (Johnson

1980). The mature, spawning proportion of the Arctic charr population

is represented by individuals from many year classes. Large, young

fish represent ‘fast’ growers and small, old fish represent ‘slow’

growers. In this waya single year class can contribute gametes to the

population over a period of many years. Thus, the situation observed

in a hatchery environment can largely be attributed to the large,

natural variation in size and growth rate which is inherent to wild

populations.

To overcome orat least minimize this factor, a genetic selection

program must be established with the aimof reducing the large varia-

tion in growth. Rainbow trout for example, which have been reared in a

hatchery over several generations and are considered to have become

“domesticated”, no longer demonstrate a great diversity in size or

growth, have a high survival rate and have become adaptedto the

hatchery environment. This is however, a long term solution to the

problem.
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Over the short texm there are several measures which can be taken.

Refstie snd Kittelsen (1976) have shown that territoriality and

aggressive behavior of salmonids is reduced at higher densities.

Culturing charr at high densities may reduce the social hierarchial

factors which contribute to the manifestation of a group of small fish

exhibiting low growth rates. Because charr area gregarious speciesby

nature, they maybe better suited to culture at higher densities than

othersalmonids. Recently, Baker and Ayles (1987) have demonstrated

that in fact charr do perform well at high densities, exhibiting higher

growth and food conversion efficiency rates than other salmonids at

similar densities. The benefits of exploiting this ability maybe

twofold in that not only will growth rates and yield be increased, but

that variation in size maybe reduced. Culling of “small” fish in the

population will also rduce size variation, the amount of food fed and

the time required for the population to reach harvest size.

It must be

is a relatively

be adapted and

ments of Arctic

2.3.5 Density

kept in mind that the intensive culture of Arctic charr

new technology. Standard rearing methods will have to

refined to meet the different and often unique require-

charr.

The density at which fish are cultured is usually measured as kg

of fish per cubic metre of water volume (kg/ins ). The optimum density

at which a species shouldbe cultured is not necessarily at a low

density, where growth rates are highest. Rather, culture densities

which are “acceptable” depend upon predetermined production goals such

as rapid growth, production of as much weight as possible, or high fish

quality. The optimum culture density will generally be the density

which provides for a very high yield while maintaining gocd growth

without compromising fish health and water quality.

AS densities increase from low (5-10 kg/m3) to high (>60 kg/m3)

levels, most salmonids suffer a progressive decline in growth rate and

food conversion efficiency (Burrows 1964, Fenderson and Ca~nter 1971,

Brauhnet al. 1976,— — Refstie and Kittelsen 1976, Refstie 1977). The

increased density of fish per unit volume causes an increase in the
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reduces food conversion

lowers water quality.

in production.
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between individuals which increases stress,

efficiency (due to greater competition) and

Each of these factors contribute to a decrease

Unlike other salmonids, Arctic charr respond differentlyto high

densities as growth rates increase from low to moderately high dens-

ities. Recently, Iiolbeinshavn  and Wallace [1985) reported that high

stocking density of charr was not a significant factor affecting growth

and that survival of charr was actually highest at the highest density.

They also reported unpublished findings by Wallace et al. (1986,

unpublished) that young charr were not stressedby high densities in

their growth experiments. Baker and Ayles (1987) grew rainbow trout

and Arctic charr in parallel growth trials at initial densities ranging

from 10 kg to 85 kg fish/ins. They found that characteristically,

growth rates of rainbow trout declined linearlyas density increased

and that the growth of Arctic charr was curvilinear, increasing with

densityto an optimum between 40 kg and 60 kg/ins, suffering onlya

slight decline at the highest density tested. This response was

consistent for two strains ofcharr over a wide size and temperature

range. Only Arctic charr have shown a positive correlation between

growth and increased density.

Reasons for this response are not clear. In the wild, Frost

(1977) and Johnson (1980) have observed that Arctic charr will tend to

school at high densities. Charr may therefore be mturally  more suited

to high densities. In addition, Baker and Ayles (1987) did not observe

any aggressive behavior or attempts to defend territories at high

densities. Erosion of the pelvic, pectoral andcaudal fins in the

rainbow trout was severe, particularly at densities exceeding 25 kg/ins ,

The Arctic charr suffered no fin erosion whatsoever, evenat the

highest densities. Thus fish quality and presentability of charr are

high and can be maintained despite high densities.

The decline in growth of the charr at the highest density tested

(85 k.g/m3) in the stud.. by Baker and Ayles (1987) presumbly occurs for

the same reasons as for the rainbow trout. Increased crowding, com-



16

pounded with the effects of low oxygen and increased amnonia levels

will eventually cause a decline in growth and food conversion.

Growth rates of Arctic charr were 30% higher at the optixmm

density than at low densities and hada yield almost five times ~

great (Baker and Ayles 1987). Higher initial snd final stocking

densities of charr resulted in at least a 20% higher yield than rainbow

trout cultured at a similar density. In fact charr have been main-

tained at densities of up to 150 kg/ins with no apparent ill effects (M.

Papst, Freshwater Institute, personal connnunication). Growth at high

densities can onlybe achieved if high water quality stmdards are

maintained*

The ability of charr to perform well at densities higher than

traditional levels (>40 kg/ins) represents a tremendous advantageto

fish culturists as higher stocking levels result inamore efficient

use of available tank space and increasd yield.

2.3.6 Loading Rate

Another aspect of production, related to density (kg/ins) is called

“loading” and is

per minute inflow

to water quality

but range between

expressed in terms of weight of fish (kg) per litre

(kg/litre/min)o Optimum loadingratesvary according

and culture system (flow through or recirculation),

0.5 to 1.5 kg/litre/min (Brauhn et al. 1976). Fish— —

reared in single use systems can withstand greater loading levels.

At high loading levels (>2 kg/litre/min. ) water quality will be reduced

resulting in increased stress and poor growth. At low levels (<0.5

kg/litre/min. ) , flow rates (turnover) -Y be too high, forcing the fish

to expend more energy swimming which will reduce the amount of energy

available for growth.

Westers and Pratt (1983) suggest that a turnover rate ofup to

four times per hour is ideal. A greater turnover mte will not allow

for the settling of solids while lower turnover will result in low-

density rearing. The relationship between flow rate, loading and

density (Table 5) given different levels of water quality has been

illustrated by Westers (1983). High water quality allows for greater
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loading and density levels, a lower turnover rate and Ultimatelyj a

greater yield.

2.3.7 Water Quality

Water quality standads for aquiculture purposes are very high and

very few natural water supplies meet all the requirements for

artificial culture (Burrows &Combs, 1968). There are many aspects to

water quality ranging from pH, to o-en, metabolizes, minerals and

heavy metals. Judicious selection of a clean, well buffered, disease

free water source will provide an environment which will maximize fish

health and production. Ideally, water temperatures should be close to

the optimum growth temperature of the species and should not be subject

to wide fluctuation. It is easier to monitor and control water quality

and temperature in a land based aquiculture facilitythanacage

resxing facility. In either case, water quality stadards will remain

the same, although how they are controlled will differ. Daily and

Economon (1983) present a table of water quality standards for fish

culture as compiledby theU.S. Environmental Protection Agency Which

has been reproduced in Table 6 to serve as a general guide. Anyone of

a number of parameters below optimum level or the presence ofpollut-

ants or undesirable organjsms will adversely affect growth, food

conversion and survival of fish, thus reducing the economic viability

of the enterprise.

Frequently, the only water source available is less than ideal and

it is often necessary to pre-treat the water to

and physical characteristics (Westers 1983). This

ing oxygen concentrations, degassing (nitrogen,

carbon dioxide), removal of suspended solids

control).

improve its chemical

may involve increas-

hydrogen sulfide and

and buffering (PH

Water must be present in sufficient quantity to supply the

necessary amount of oxygen to the fish and to remove mste products, as

well as for domestic purposes, cleaning and fire protection (Daily and

Economon, 1983). In addition, sufficient water should be available in

the event that expansion of the existing facilities is desirai.
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Each of the major water quality

separately in the following subsections.

of water quality data for Jackfish Lake

provided in Section 4.2.

2.3.7.1 oxygen

Oxygen concentration is one of the

parameters will be discussed

A discussion and comparison

to accepted stamhrds will be

most important water quality

parameters in the culture of fish. Oxygen levels will naturally vary

depending upon the source of the water, temperature, altitude and

biochemical processes occurring in the water. The oxygendemnd of

fish also varies and is regulated by metabolic rate. The higher the

rate, the greater the demand. Metabolic rate is influenced by water

velocity, temperature, growth rate and age (Klontz et al. 1979).— —

The amount of dissolved o~gen in the water (ppn) shouldbe

maintained at as high a level as possible (at least 90% saturation) and

should never fall below 75% saturation (Daily and Economon 1983).

@gen levels below 5.0 mg/1 will result inconsiderable loss of

growth and increased mortality (Wedemeyer and Wood 1974, Westers and

Pratt 1977).

Current information suggests that Arctic charr may be more

resistant to lower oxygen levels than other salmonids. Swift (1964)

exposed Arctic charr to water

and found that growth rate was

in 100% saturated water. In

Baker and Ayles (1987), oxygen

tested were only 5.2 ppm, yet

high.

High oxygen levels can be

aeration devices, providing

which was only 50% saturated with oxygen

not significantly lower from fish raised

growth experiments conducted on charr by

concentrations at the highest densities

growth rates of the charr still remained

maintained through the use of mechanical

supplemental oxygen and through proper

management of tank conditions (density, flow rate).
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Ammnia is one
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of the major melxdmlic  waste products of many

including fish. This nitrogenous waste is produced

tion and will vary in quantityprotein deamina

depending upon metabolic rates (Burrows 1964, Smith and Williams 1974,

Thurstonet al. 1981). Amnonia occurs in two forms. A nontoxic,

ionized form (~+) and a very toxic un-ionized (lJ-Is-N) form. ‘l’he

=tio of M-h+ to NIk-N is both temperature andpH dependent (Trussell

1971). Generally, the percentage of un-ionized armnonia present in the

water increases with temperature andpH.

Un-ionized anmionia levels in excess of 0.012 mg/1 causes a

thickening of gill lamellae which decreases oxygen uptake, resulting in

depressed growth. Amnonia can be removed from the system by converting

it to nitrate which is non-toxic (NCh-N). This is accomplished in

recirculating systems bynitrifying bacteria, which offers the most

practical and economical means of ammonia removal (Burrows and Combs

1968). During vitrification, armnonia (NHs-N) is first. converted t.

nitrite (N02-N) by Nitrosococcus and Nitrosomonus bacteria and subse-

quently by Nitrobacter, to nitrate (NOS-N) which is completely harmless

to the fish. The intermediate nitrite is also toxic to fish at

concentrations of 0.1 - 0.2 mg/1 and will retard growth and food

conversion, causing death at 0.5 mg/1. However, biological filter

units containing these bacteria are very efficient at converting

annnonia to nitrate in recirculated water.

2.3.7.3 Nitrogen

The concentration of nitrogen gas (Nz) in water depends solely

upon temperature and pressure. Under normal circumstances it is

harmless, however if the gas becomes supersaturated as a result of air

being forced into the water due to faulty pump lines or seals, it can

be very harmful to fish (Daily andlkonomon 1983). A review of gas

supersaturation problems has ken provided by Weitkamp and Katz (1980).

In nitrogen supersaturated water, gas emboli develop in the fishes’

blood vascular system which can cause a reduction in growth and food

conversion or even death.
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2.3 .7 .4  pH

The optimnn pH level for rearing

(Klontz et al. 1979). Water with a pI+

salmonids is

below 6.5 is

between 7.5 and 8.0

too acidic and will

increase the susceptibilityof fish to both infectious andnoninfec-

tious diseases. Slightly acidic waters also have increased dissolved

carbon dioxide, mineral and organic acids which will reduce the

~ffer~ ~Pity of the water (Klontz et al. 1979).

2.3.7.5 Alkalinity or Hardness

The minimm acceptable alkalinity (as CaCG) is 20 mg/1

~im of 200 mg/1 (Daily and Economon 1983, Klontz et al.

Calcium is required for metabolism, which is mostly satisfied

w i t h  a

1979).

by the

diet, but in addition must k present in the water to aid in respira-

tory and osmore.tiatory  activities. - is dSO e f f e c t i v e  in

buffering the effects of contaminating substances. Hard water is more

productive, which would benefit a cage culture operation in that

natural food sources may be more abundant.

2.3.7.6 Heavy Metals

There are m.ny heavy metals which can have deleterious effects on

fish health and condition, growth and feed conversion even at very low

levels. The concentration at which different heavy metals adversely

affect fish also vary (Table 6). Cadmium, arsenic, copper, iron and

manganese are all particularly detrimental to fish culture.

2.3.7.7 Organic and Chemical Contaminants

The potential contamination of the water supplyas a result of

industrial, agricultural or municipal activities is a genuine threat.

This can occur as a result of an accidental spill, long-term, low-level

input into the drainzge system or, as has recently been discovered, }Tia

long range transport in the atmosphere. Most contaminants such as

pesticides, PCB’s and organochlorides are slow to break down and can

remain in the environment for a very long time. These compunds may be

almost undetectable in the water, but over time become deposited and

concentrated in the tissues of the fish.
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The proximity of the municipal dump and a large gold mining

operation to Jackfish Lake represent a potential water quality hazxmi.

Leeching of chemicals, WllJs and heavy metals such as arsenic through

the ground water would introduce these compounds to the lake water, arid

ultimately to the resident fish population. Inadilition, the presence

of the N(2FC electrical generating station on the north-east shore of

the lake also represents a potential threat to water quality. The

continuous low level input of hydro carbons and petroleum by-products

and the risk of a large spill does exist. These factors must be

considered when determining the location and type of aquiculture

facility to be constructed. A program to evaluate and monitor the

resident fish population for the presence of organic or chemical

toxicants was instituted in February. 1987 and shouldbe continued for

atleastoneyear.

Preliminary results of heavy metal analysis of water samples from

Jackfish Lake and a scan for organic contaminants from muscle

fish captured on February 26 will be presented in Sections

4.5 respectively,

2.3.8 Water Source

tissue of

4.2.2 and

The availability of a sufficiently large volume of high quality

water is the most important factor determining the potential and

viability of an aquiculture operation (Castledine 1986). The design of

an aquiculture facility will depend strongly upon the source and

quality of the available water supply. The facility should incorporate

those elements designed to minimize the limitations or constraints

imposedby the water sourceas well as optimize the qualities avail-

able.

Surface Water sources, such as from

undesirable as a primary water source.

o~gen, suspended solids, pH, minerals

Jackfish Lake, are usually

Water temperature, dissolved

and other parameters can

fluctuate dramatically both vertically and seasonally. Being exposed,

surface water is also vulnerable to pollution or contamination.

Ideally, the water source for a fish culture operation should also be
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transmission.
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fish which would eliminate the possibility of disease

2.3.9 Fish Health

Arctic charr are susceptible to a variety of diseases which

coxmnonlyaffect both wild and hatchery reared salmonids. Camnon

diseases include bacterial kidney disease (MD), infectious pancreatic
necrosis virus (IPNV), furunculosis, abacterial disease of the skin

andwhirling disease, causedbya parasitic protozoan.

The effects of disease are more easily observed and more strongly
felt in a hatchery environment thsn in the wild. The high density and
great stress imposed upon hatchery fish increases both susceptibility

to disease and the ease of transmission. Fish Which become infected

with a disease such as IPNV and survive, become life long carriers of
the disease able to pass it on to other groups of fish or through the
egg to subsequent generations (Hill 1977, Hnath 1983).

The most effective and only sure means of control of IPNVand

other diseases is avoidance. This requires the incubation of disease
free eggs and the propagation of disease free stock in anuncontamin-
ated water supply. Very few wild stocks of Arctic charr from which

fertilized eggs can be obtained are known to be disease free.
Arctic charr from six sites in four river drainages in the

Mackenzie River basin were collected and assayed for IPNV by Souter ~
~. (1986). They found that the virus was present in fish from all
locations with a frequencyof infection of at least 44%. Thus it

appears that the Mackenzie River drainage and Yukon and Alaska north

slope rivers are not a suitable source of Arctic charr. IPNV has also

subsequently been identified in charr from several other areas in the
western Arctic as well as BKD in charr from the eastern Arctic (B.
Souter, Fisheries and Oceans, Western Region, personal communication).

The Department of Fisheries and &eans, Western Region, Rockwood

lkperimental Fish Hatchery is the only North American facility main-

taining several stocks of Arctic charr. In 1978 charr from Nauyuk Lake

on Kent Peninsula, N.h7.T.  and in 1980 and 1981 charr from the Fraser

River in Labrador were imported to the hatchery. Arcticcharreggs
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were also received from Norway in 1980. Each of the stocks were

certified as being disease free, however their export from the hatchery

is prohibited because BKD has been identified in the rainbow trout

present in the hatchery,

Strategies for preventing or controlling the outbreak of a disease

must be developed. Several important elements of disease prevention

include the reliable detection of disease carriers, knowledge of how

pathogens are transmitted, development of effective methods to limit

the entry of pathogens or carriers into clean fish cultural facilities

and to avoid environmental conditions which might allow a disease to

become established (Griffiths and Warren 1983).

The most important facet of disease prevention is to restrict

importation of fish stocks into the hatchery which have not been

certified “disease free”. Strict adherence to this regulation will

ensure that the introduction of pathogens is virtually eliminated.

Maintaining a high level of fish health such that fish are not

stressed by poor environmental conditions will also significantly

reduce susceptibility to disease.

It is not known to which diseases Arctic charr are particularly

resistant or susceptible to, or if they differ from other salmonids in

this regard. Imm.mization,  water treatment techniques and attempts to

‘breed in’ genetic resistance to disease in salmonids are new areas of

technology and are still in the developmental stage (Warren 1983).

Their specific application to Arctic charr is unknown.

2.3.10 Genetics
Arctic charr

or undomesticated

are genetically, still

state. Virtually no

considered to be in their wild

selective breeding of charr to

improve commercially important traits has been performed to date. Most

experimental work with kctic charr has been performed on wild stocks

which have been brought into a hatchery either as eggs or fry (Swift

1964, Wandsvik and Jobling 1982, I@st and Hopky 1983, Jobling and

Reinsnes 1986). The exploitation of genetic differences between

populations or strains, selective breeding, crossbreeding and inbreed-
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ing are all important techniques as means of improving commercially

i-mpo~t traits.

Large and rapid gains in production traits can be msde through

selective breeding as large phenotypic variation, high fertility and
moderately short generation interval allow for very intense selection

(Gjedrem 1975b). The degree to which such characteristics as survival,

fecundity, egg size and growth rate are heritable, are also very high.

Through selective breeding one can expect substantial, rapid improve-

ments in growth, food conversion efficiency, fecundity, flesh quality,

disease resistance, and maternal or egg related qualities.

Hybridization within and between salmonid genera has also been

employed in order to attempt to improve production characters.

Chevassus (1979) gives an extensive review of the success achieved thus

far with interspecific hybridization. Refstie and Gjedrem (1975) also

crossed several species of salmonids and found that inmost cases the

hybrids involving Arctic charr had higher growth rates but lower

hatching success than the other hybrids or pure strains.

One of the most important factors when initiating a commercial

aquiculture operation is the selectionof a suitable strain of fish.

The judicious selection of a strain which may possess certain desirable

characteristics, or is best suited for a particular environment will

offer immediate benefits to the fish culturist without generations of

selective breeding. Large variations in growth rates, food conversion

efficiencies, survival and other parameters have been shown to exist

between strains of fish (Ayles and Baker 1983) and Baker (1983) has

shown that the variation in specific growth rate, food conversion

efficiency and ration requirement was at least as great between two

Arctic charr strains as between Arctic charr and rainbow trout.

The opportunities for selection of a certified stock maybe quite

limited. This factor

every effort should be

distinct strains.

however remains of the highest

made to evaluate at least two

importance and

geographically
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3.0 FEED TYPE EVAUJATION

Fish have specific protein, lipid (fat), and vitamin and mineral

requirements which mustbe satisfied by the diet in order to maintain

gmi health. When basic maintenance nutritional demands are satisfied,

the extra energy consumed becomes available for growth.

Different diets vary both in composition and in quality and

-tity of ingredients. The specific nutritional requirements of each

salmonid species have not been determined and many different diets have

been manufacturedto satisfy the general requirements of salmon or

trout. It is therefore important to choose a diet which will provide

for the maximum feed conversion efficiency and growth rate possible.

Several of the commercially manufactured diets which are available

have been evaluated using Arctic charr. Tabachek (1984) found that not

all trout or salmon diets were suitable, depending upon the strain of

charr being tested. (See Section 2.3.2) For example, Martin Feed

Mills trout feed proved to be an excellent food source for Arctic charr

from Labrador, butw=s inadequate for charr from Norway. Therefore it

is recommended that initially, at least two different diets be

evaluated. Nutritional deficiencies become manifest as increased

feed:gain ratio, poor growth, increased mortality and other symptoms.

A list of the symptoms displayedby salmonids, which occur as a result

of nutritional deficiencies are presented in Table 7 (after Hilton and

Slinger 1981).

The cost of feed accounts for between 30% and 50% of total

production cost. It is therefore important to provide a feed that not

only satisfies nutritional requirements, but is also economical. The

following sections k’ill briefly discuss the general nutritional

requirements of Arctic charr and feed types available, followedby an

evaluation of the economic benefits and technical feasibility of

providing a food source manufactured locally, versus a commercially

manufactured trout food.
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3.1 GENERAL NUTRITIONAL ~

The four major nutritional groups which are represented in all

manufactured diets are protein, lipid, carbohydrate and vitamin and

mineral supplements. The proportion of each item in the diet varies

according to the manufacturer, but also according to the size of the

fish for which the feed is designed. Older fish which grow relatively

slower, have a lower protein snd lipid requirement thando small, fast

growing fish. Requirements of each of the major nutritional groups

will be discussed separately.

3.1.1 Protein

Protein comprises the majority of the diet (40 - 50%) and is the

single most expensive ingredient (Hilton and Slinger 1981). Fish

require at least twelve essential amino acids, the building bl~ks of

proteins. Unfortunately, vegetable proteins which are most economical

source, do not provide all of these amino acids so it is necessary to

include animal protein, particularly fish meal, in the diet. Alterna-

tive protein sources include animal by-products such as poultry by-

product meal, blood and meat meal, including various vegetable meals

such as soybean or corn gluten.

Diets which are relatively higher in animal protein sources are

generally more palatable to the fish and contain less carbohydrate, for

which salmonids have a relatively low tolerance. The availability of

an inexpensive protein source, such as rough fish from the Great Slave

Lake fishery has the potential to provide a large proportion of the

protein requirement in a manufactured diet. However, rough fish end

fish silage must still be supplemented with a high quality fish meal

(herring or capelin) to provide additional protein and lipid.

3.1.2 Lipid

Lipidor fat provides twice the energy

protein. It is also important in cell membrane

(Hilton and Slinger 1981). There are a variety

P& unit weight than

function and formation

of different types of

fatty acids which are requiredby fish. They differ from one another
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depending upon their degree of saturation and position of double bonds

between carbon atoms.

8almonid diets normally contain between 15 - 20% fat, which is

supplied in the form of animal and vegetable fats. Marine fish oils

provide high levels of essential fatty acids and seem to provide for

improved growth rates thsn fish fed vegetable oils,

The ratio betw-n protein and lipid also seems to be important for

Arcticcharr. In a study by Tabachek (1986) Arctic charr performed

better at higher protein:lipid ratios (44-54%:15-20%) than normally

employed in salmonid diets (35% protein:10% lipid). It is believed

that the higher amount of fat present is utilizedas an energy source

before protein is, leaving more protein available for growth (Reinitz

and Hitzel 1980, Clarke et al. 1982).

3.1.3 Carbohydrate

Carbohydrates do not naturally occur in the diet of wild Arctic

charr and the requirement for carbohydrates are subsequently low.

Economically, it wouldbe desirable to use cereal grains as an energy

(carboh@rate) source, but due to the low tolerance salmonids have to

carkmhydrates,  it nomally does not comprise more than O% to 10% of the

diet.

3.1.4 Vitamins and Minerals

There is a wide range of vitamins and minerals which fish require

to maintain good health and condition (Table 7), however the exact

quantities of each are not known for fish. Essential vitamins and

minerals are mixed (premixes) and combined with the remaining dietary

ingredients represent between one and two percent of the diet.

Vitamin and mineral premixes are essential ingredients in both

commercially manufactured diets as well as diets

from fish or fish by-products. These premixes

bulk quantities by commercial feed companies

specifications.

manufactured primarily

canbemanufactured in

according to supplied
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3.2 FEED TYPES

There are three basic feed types. Wet, moist and dry feeds. The

essential difference between the different

moisture content. The uses, advantages and

wet, moist or dry feeds will be discussed in

types of feed is their

disadvantages of utilizirig

the following sections.

3.2.1 Wet Feed

Wet feed consists

ground meat. Vitamin

binding agents (i.e.

together. Wet food

simply of ground whole fish, fish parts or other

and mineral supplements may be added, as well as

wheat middlings) to make the food “stick”

contains approximately 80% moisture, 8 - 10%

protein and 5 - 7% fat, depending upon ingredients. Wet feed is

converted very inefficiently because of its high water content. Fed

gain ratios of fish fed wet feed range from 5:1 to 7:1. Wet feed is

commonly used in Norway to feed salmon held in sea cages (Edwards 1978)

but is only used in areas where large, consistent supplies of fresh,

trash fish are available.

Wet feed is very palatable and canbe economical, however it has

many disadvantages. Preparation of wet feed requires special machinery

and is very labor intensive as four times the amount of wet feed must

be fed as dry feed. The ingredients are also highly perishable and

must be received fresh everyday or frozen. Wet feed also breaks down

very quickly and tends to pollute the water and is therefore not

recommendedforuse intanks or raceways.

3.2.2 Moist Feed

Moist feeds are manufactured with a combination of

fish by-products md dry ingredients. Dry ingredients

wet fish or

include fish

meal and oil, vegetable meals, binders, minerals and vitamins. Raw

fish are minced and combined with the dry ingredients, mixed and

extruded to form moist pellets.

Moist feed has a water content of only 20 - 25%and is converted

much more efficiently than wet food with a feed:gain ratio of 2:1. It

is very palatable and canbe easily manufactured on site on a daily or

uN:
.,
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weekly basis as required. Refrigeration or freezing of moist feed and

wet ingredients is necessary.

Capital costs of equipnent required to manufacture moist feed

will be discussed

3.2.3 Dry Feed

Dry feed is

in Section 305.

manufactured froma mixture of fish meal, fish oil,

poultry and blood meal, vegetable meals (soybean, corn), wheat

middlings, choline chloride snd mineral and vitamin premixes.

Manufacture of dry feeds require large, expensive equipnent such as an

industrial blender, a hammer mill for grinding, a roller mill for

crumbling, an extruder, pelletizer and drier. Total cost for this

equipnent is estimated to be $220,000 to $250,000 (Dr. C. Frsntsi,

Connors Bros. Ltd., Blacks Harbour, N.B., personal communication). It

is not economical for most aquiculture operations to manufacture their

own dry feeds.

There are many commercially manufactured dry feeds available, The

major suppliers of trout and salmon feeds are listed below:

1.

2.

3.

4.

5.

6.

More

Martin Food Mills Trout Feed, Elmira, Ontario

Abernathy Salmon Diet, Buhl, Idaho

Ranger Foods Inc., Buhl, Idaho

Zeigler Bros. Inc., Gardners, P.A.

Purina Trout Chow, St. Louis, Miss.

Sterling Silver Cup Trout Feed, Murray, Utah.

feeds manufactured in Canada should become available ~-ith the

increase in the number of salmon farms on the east and west coasts.

Composition of the diet varies accordi~~ to both the manufacturer

and type of pellet (for starter, production or brood fish). A list of

ingredients which are typically present in dry feeds is provided in

Table 8. Feeds containing synthetic ingredients such as csnthaxanthin

can be purchased which will give a red color to the flesh to make it

more presentable. While fish fed synthetic carotenoids can be marketed

in Canada, their export to the U.S. is forbidden. Choice of a dry feed

shouldbe based upon performance of your fish on that feed. Arctic

charr have a higher protein to fat ratio requirement, therefore choice
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of a dry feed for initial evaluation should be based upon the per-

centage of protein and fat contained in the diet.

Feed conversion efficiencies of fish fed dry feeds are very high.

Dry feeds contain only Io% moisture so the food ingested contains much

higher levels of essential nutrients by weight than any other food

type. Feed:gain ratios of 1:1 or less have been attained under certain

conditions, howevera feed:gain ratio of 1.4 to 1.5 could be expected

for Arctic charr fed a

3.3 TYPES OFFENDERS

Fishcanbefed

or by demand feeders.

commercially manufactured dry feed.

either by hand, by mechanical, automatic feeders

Feeding fish by hand allows close monitoring of

the fish so that over or underfeeding is avoided. Changes in fish

feeding behaviour, often indicative of a problem (disease or low water

quality), are also easily recognizedby hatchery personnel. Feeding

large quantities of fish by hand however requires a great deal of time

and effort and may not be economical. Fish fed wet feeds must be fed

by hand due to the volume and condition of the feed.

Automatic feeders dispense a prescribed proportion of the daily

food ration at set intervals. There are a variety of types of

automatic feeders available. Food can be broadcast from trays

suspended over raceways, from “cannon like” feeders using compressed

air to disperse feed or from hoppers suspended over a spinning disk.

If the automatic feeder broadcasts food uniformly over the tank it can

be very effective in delivering the daily quota of food with a minimum

of labour and cost. Automatic feeders are commonly employed in raceway

or cage culture facilities.

Demand feeders, as is implied, allow the fish to feed upon demand.

By stimulating a pendulum suspended within the tank a small volume of

food is released. The more the fish stimulate the pmdulum, the more

food is delivered. Demand feeders require no power, can reduce labour

and maintenance costs and ensure that fish receive food only when they

are hungry which subsequently increases feed gain:ratios.
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3.4.1 Source

There are rn.merous sources
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MANUFACIIJRED  FEEDS

of connnercially manufactured fish feeds

andan abbreviated list is provided in Section 3.2.3. one of the major

Canadian producers of high quality fish feed is Martin Feed Mills,

Elmira, Ontario. Martin Feeds has been chosen tobe evaluated because

it is a reputable Canadian company which produces a satisfactory feed

for Arctic charr (Tabachek 1984, 1986).

3.4.2 Cost and Voh.nne

As discussed in Section 3.2.3, there are several types of feed

available. Prices vary accoxxiing to pellet size and formulation,

whether for starter, grower or brood stock (Table 9).

The total estimated amount of dry feed required annually to raise

32,500 kg of fish is 48,750 kg, based ona feed:gain ratio of 1.5:1

(Appendix 2). Following is a breakdown of estimated annual cost and

volume requirements of starter and grower feeds during full production,

again assuming a feed:gain ratio of 1.5.

Proportion lMean Cost Estimated Total Estimated
per 25 kg Volume (kg) Total Cost

15% Starter $19.75 7,313 $5,777.00

85% Grower $15.35 41,438 $25,443.00

Total 48,751 $31,220.00

nN:
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At lower or

or increased
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higher feed:gain ratios, annual feed costs will be reduced

accordingly as illustrated below.

Feed:Gain Total Annual
Ratio Feed Cost

1.3 $27,057

1.4 $29,139

1.5 $31,220

1.6 $33,301

For delivery of the feed to Yellowknife, Martin Feed Mills has

quoteda price of $32.80 per 100 kg of feed for orders in excess of

9,000 kg. For 48 tonnes of feed, the total annual transportation cost

to Yellowknife would be approximately $15,745.

Arnold Bros. Ltd., Winnipeg, was also contacted

estimate for the cost of shipping a years supply

Yellowknife. Prices quoted are as follows:

Guelph to Edmonton $7,200

Edmonton to Yellowknife - $5,100

Total Cost $12,300

to provide an

of feed to

Therefore, the minimum total cost, including transportation for

one year’s supplyof cormnercially  manufactured dry feed delivered to

Yellowknife is $43,601 (assuming a feed:gain ratio of 1.5:1).

3.4.3 Availability

Commercially manufactured dry feeds

quantities year round. Maintaining

are readily available in large

sound records and allowing

sufficient time for manufacture and shipping will ensure that shortages

of a particular feed or feed size do not occur.
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3.4.4 Hadling and Storage Requirements

Dry feeds do not require refrigeration or freezing. They are

treated with ansntioxidant and hermetically sealed in plastic bags to

prevent breakdown of the fish oil and loss of vitamins. It is

~r~t that dry feeds do not become damp or wet which would result

in loss of nutrients and mouldy feed.

It is reccmmetied that

ensure maximum quality.

refrigeration or freezing.

dry feeds be used within six months to

Their shelf life can be extendedwith

3.5 EVALUATIONOF~ALLYMANIJFACJIJREDFEED

Manufacturing a moist or wet feed from raw ingredients requires

specialized equipnent such as grinders, mixers andextruders,  large

efrigeration or freezer capability, and experienced personnel, high

quality supplemental ingredients and above all, a reliable source

fresh or frozen fish on a year round basis.

A moist fed for swim-up and small (<12 g) fish cannot

economically manufactured on site. Specialized, expensive equipment

of

be

is

required to manufacture the small, high quality, discrete granule’s

required for young fish. A commercially manufactured starter feed

would still have to be imported for fish of < 12 g.

The following sections evaluate the technical and economic aspects

of each of the above requirements, followed by an overall evaluation of

the feasibility of manufacturing a moist feed locally.

3.5.1 Diet Formulation

To manufacture a moist feed requires fresh fish mda variety of

supplemental ingredients which must be included to give the proper

nutritional balance and consistency to the feed. As discussed in

Section 3.2.2 a moist feed is recommended over a wet feed because of

its high palatability, its nutritional quality and low moisture

content.

The specific diet formulation of a moist feed will vary according

to the type of fish and other ingredients available as well as the

species for which it is being manufactured. A general formulation as
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45%

35%

6%

0.4%

12-13%

1-2%

34

c. Frantisi (Connor’s Bros. Ltd. , Black’s Hartn.r,

exprience in manufacturing moist feed for Atlantic

recently Arctic charr, is as follows:

raw fresh or frozen fish (whole or prts)

fish meal (herring or capelin)

fish oil (herring)

choline chloride

binder (wheat middlings)

vitamin and mineral premix

The fresh or frozen fish recommended for use is lake cisco or

tulibee, which is an abundant trash fish of the Great Slave Lake

fishery. The remaining ingredients are available in bulk from most

commercial animal feed manufacturers. If specific quantities of all

ingredients, other than the fish are provided to the feed company, it

can be mixed and bagged

Yellowknife. This mixture I

combined with the raw fish

formulation.

in Winnipeg or Edmonton and shipped to

55% of the total weight) can thenbe

as required to obtain the correct dietary

3.5.2 Equipment Requirements and Cost

The equipment required for manufacturing a moist feed can be

satisfactorily supplied by manufacturers of industrial

equipment such as the Hobart Manufacturing Co. Ltd.

Ontario. The manufacturing process requires that

ground into small pieces, mixed with the supplementary

extruded through dies of varying diameter to produce

feeds of a hamburger like consistency.

Approximately 165 kg of feed would be required Per

food processing

in Don Mills,

the raw fish be

ingredients and

different sized

day based upon

the proposed design (Appendix 2). This could be manufactured on a

daily or weekly basis and frozen until required. A freezer facility of

at least 50 ma volume is recommended for feed storage.

Additionally, the fish must also be pasteurized before mixing with

the dry ingredients. This is done for two reasons. Using raw,

unpasteurized fish greatly increases the risk of introducing a disease

into the resident fish population and secondly, the viscera of raw fish
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contains an enzyme called thiaminase.

vitamin thiamine in the feed which causes a

fish resulting in convulsions and neuritis.

Total costs for the required equipment

follows:

5 hp 4146 Meat Grinder

V-1401 Mixer (including
bowl and beater)

4246HD Extruder

‘IOTAL

Thiaminase breaks down the

thiamine deficiency in the

assupplied”byHobart isas

$5,223

s21,496

S9,105

$35,824

The total cost of $35,824 does not include the cost of a freezer or

pasteurizing oven, both of which are required.

3.5.3 Availability

Supplementaral

and their supply is

of Feed Ingredients

dry in@edients  are available in bulk year round

guaranteed. AS the supply of trash fish is

expected to be sporatic it is recommended that large volumes of fish be

purchased when available and frozen to ensure that a shortage does not

occur.

3.5.4 Annual Cost of Manufacturing Feed

Based upon an annual production of

assuming a feed:gain ratio of 2:1, 65,000

32,500 kg of Arctic charr and

kg of moist feed would have

to be manufactured. Approximately 7,313 kg of this total requirement

would have to be fulfilled by a commercially manufactured starter feed.

At a mean cost of !30,79/kg, this represents a cost of $5,777, plus

transport. Of the remaining volume (57,700  kg), 45% of this (25,965
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kg) is comprised of raw fish and 55% (31,735 kg) of supplementary

ingredients.

Feed -Rite Mills, Winnipeg was contacted

estimate of supplying the required supplementary

quantities, premixed and bagged. Following is a

ingredient as quoted by Feed - Rite Mills:

Total

to provide acosi

ingredients in bilk

cost brealidownby

$/kg Volume (kg) cost

35% Herring Meal 0.84 20,195 $16,934

6% Fish Oil 1.68 3,462 $5,816

12%Wheat Middlings 0.27 6,924 $1,869

2% Choline, Vitamin
and Mineral Premix 0.93 1,154 $1,073

‘lwTAL 31,735 $25,692

To supplement the dry ingredients raw, trash fish must

purchased regularly. According to Mr. D. Stewart, President of

be

the

Fishermen’s Federation in Hay River, N.W.T., fish and fish offal would

be available at a cost of approximately $0.25/kg on a swradic,

noncontractual basis. On a contract basis this

ably higher. For a required estimated volume

annum, the total cost of the raw, trash fish is

cost would be consider-

of 25,965 kg fish per

$6,491.
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Therefore, the total estimated cost of

in Yellowknife is $43,060 and is broken down

manufacturing

as follows:

a moist feed

cost of

Cost of

cost of

Raw Fish $6,491

Supplementary Ingredients $25,692

Commercial Starter Feed $5,777

Transportation Cost of Dry
Ingredients from Edmonton $5,100

‘111’AL  COST $43,060

3.5.5 Storage ami Handling Requi rements

The dry supplementary ingredients are treated with an antioxidant

anddo not require freezing. The raw fish silage must either be used

immediately or frozen. The final manufactured pellet canbe refriger-

ated for several days or covered and frozen for subsequent use. A

minimum of one to two weeks supply of feed should be kept on hand in

the event

3.6 COST
The

including

purchase

of a shortage of raw fish.

CCMl?ARISON BEXWEEN MANUFACI’URED AND ~IAL FEEDs

total cost of importing a commercially manufacture feed,

transportation is $43,601. per year. Total cost including

and transport of all ir-gredients  of a locally manufactured

feed is approximately $43,060. Note that capital costs for equipment

purchase and labour are not included.

Based on the absence of a cost difference (other than capitol and

labour) between the feed types, combined with the higher palatability

and performance of fish on a moist feed, it is recommended that a

locally manufactumd feed be used. If a reduction in the raw fish:dry

ingredient ratio does not affect performance, this will further reduce

feed costs and supply the Great Slave L&e fishermen with a limited

market for their trash fish.
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4.0 PHYSICAL SUITABILITY OF JACKFISH LAKE

Jackfish Lake is located 1 km northwest from the city of Yellowkn-

ife in an area of low rocky hills which are sparsely covered with black

spruce, poplar and birch (R&erge and Gillman 1986). The lake has a

surface area of approximately 60 ha with a mean depth of 6m. Like most

Precambrian shield lakes it is relatively unproductive.

The following sections will assess the limnological and biological

suitability of Jackfish Lake to support an intensive culture facility

for Arctic charr.

4.1 LIMNCMDGICAL ASSESSMENT

4.1.1 Seasonal Temperature Regime

The following evaluation is based upon information collected from

Jackfish Lake during 1980-1981 by Roberge and Gillman (1986).

Jackfish Lake is a dimictic lake which circulates freely from top

to kttom during the spring and fall and is directly stratified in the

summer and inversely during the winter.

In the spring of 1980, shortly after break-up the lake circulated

freely and water temperatures rose uniformly throughout the lake (Fig.

4a). Bymid-May the lake began to stratify k-ith surface waters (11OC)

becoming warmer than bottom ~=ters (go~), This wmming continued

rapidly through the spring and early summer until surface waters were

UP tO 60 - 70C t.zarmer than bottom waters.

During the summer, surface water temperature reached ama.ximum of

IgOC and the lake became stratified to a depth of 6m. Bottom water

temperatures r~~ &tween l(_jo~ and 160c on 13 my ad 22 August

respectively.

By the end ofhgust water temperatures had begun to decline and

wind action had mixed the lake to a uniform temperature of 160C to

within 1 m of the bottom. Rapid cooli%~ and complete mixing continued

to occur and by the end of September the lake was a uniform 80C (Fig.

4a). This uniform cooli~u continued until the mid to end of titober I
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when freeze up occurred. During the winter, water temperatures ranged

from OOC to 3.00C at the bottom (Fig. 4b) .

During the present winter survey (February 1987) water temperature

ranged from OOC at the ice - water interface to 2.00C at the bottom

(Fig. 4c). Differences in temperatures between stations on Jackfish

Lake did not differ according to depth. The ice thickness below 0.6 m

of snow was 1.0 to 1.2 m in depth.

4.1.1.1 Effects of Water Temperature on Cage Culture

Fish cultured in cages in Jackfish Lake would occupy space in

approximately the upper 5 m of water. Between the end of ?lay and early

September (Fig. 4a), the upper 5m of water exceeded 150C and was

generally in excess of the optimum growth temperature for Arctic charr.

At 180C growth rates would be reduced by 50% from what couldbe

achiev~at 130c and the feed:gain ratio would double. The problem

during most of the summer therefore lies not in heating the water, but

in cooling it. Cooler water from the bottom 1-2 mwouldha~’e to be

brought to the surface through the use of mechanical aeration devices.

Rising air ~-ill “drag” water ~’ith it to the surface, reoxvgenating it

at the same time. However, the bottom water is virtually depleted of

oxygen (Fig. 4a) and contains a high concentration of hydrogen sulfide

(&S) which is toxic to fish. It is not known if mixing with an

aeration system would overcome these problems.

In winter the water in the vicinityof the cage culture opsration

would have to receive the maximum degree of heat output from the NCPC

electrical generating station and be circulated continuously with an

aeration system to prevent freezing. If freezi~d  can be avoided, water

temperature would remain very low (10-4oC) because recirculation will

keep the water in continuous contact ~’ith very cold air. At these

temperatures, Arctic charr will not feed and will suffer a net loss of

weight.

u

N
s



4.1.1.2 Effect of Water T_rature on Tank Culture
Arctic charr raised in tanks or raceways in a hatchery exist in a

more controlled environment and are not subject to the seasonal and
vertical fluctuations in temperature to which cage reared fish are

exposed.

During the winter, tanks can be supplied with the proper mix of

warm water effluent from the generating station and cold lake water,

such that growth and food conversion rates can be maintained at their

highest levels.

In the summer, water from Jackfish lake is warm enough so that

waste heat from the generating station is not required. To control

temperatures, the hatchery’s water intake valve should be adjusted

vertically in the water column in order that w=ter nearest the optimum

growth temperature can be obtained. In this way lake water tempera-

tures which fluctuate dramatically both vertically and seasonally are

buffered and their effect on growth ameliorated.

However, because summer water temperatures in the lake are high, a

similar problem is faced here as during cage culture in the summer.

Methods to reduce temperatures and sulphur dioxide levels would ha~’e to

be investigated.

4.1.2 Seasonal OxygenRegime

The annual fluctuation in the distribution

in the water column follows that of temperature

the spring and fall, the entire water column is

and abundance of ox~-gen

quite closely. During

circulated and comes in

contact with the surface and is ox~genated to near saturation.

During the summer as the lake stratifies, the epilimnion (the

warm, surface water) becomes cut off from the hypolimnion (the cooler,

bottom water)o ~~-gen concentrations in the circulating epilimnion

remain relatively high while the hypolimnion becomes

ox---gen concentration near zero mg/1 (Fig. la). Because

of oxygen in the water also depends upon temperature,

dissolved in the warm epilimnion, only 6-8 mg/1. This

anoxic w-ith an

the volubility

less oxygen is

approaches the

lower limit of 5 xng/1 which is required to prevent respiratory stress

and to maintain fish health. During the winter after ice formation,
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the only generation of oxygen in the lake occurs as a result of a very

low level of photosynthesis. The continued respiration of aquatic

animals and decomposition of organic material depletes much of the

available oxygen, particularly in the bottom l-2m (Fig. 4b). Should

ox~gen levels become low enough, mortality of fish can result.

4.1.2.1 Effects of Clxygenon Cage Culture

During the spring, summer and fall, ox~en concentrations in the

epilimnion ranged between 7 and 9 mg/1 which is marginal for cage

culture purposes. Given the increased oxwgen demand by fish stocked at

relatively high densities ina small area and metabolizing at a high

rate, there is a risk of reducing oxwgen concentrations to the thres-

hold limit. To prevent oxygen depletion of the water, especially

during the summer, an aeration system ~’ouldbe required to oxygenate

the entire ~-ater column.

During the winter, oxygen concentrations under the ice ranged from

2 to 14 mg/1 with a mean concentration of 10 mg/1. If an area of open

water couldbe maintained and circulated, sufficient ox~gen might be

present, however the presence of hydrogen sulfide may pose a hazard.

Cages cannot be maintained intact in the ice through the winter as

they would be easily destroyed.

4.1.2.2 Effects of Oxygen on Tank Culture
Incoming warm hater gained from the electrical generating station

will be very low in oxygen content due to the low volubility of oxv’gen
in water at high temperatures (a maximum of 7.0 mg/1 at 350C). There-

fore all incoming water derived from the NCFC station and from the lake
must be ox~genated  in order to satisf~- the high oxszen demandoffish

reared under intensive aquiculture conditions. This shouldbe per-
formed regardless of season as the process of oxygenation will also
release gases which are harmful to fish, such as nitrogen (N2) and
hydrogen sulfide (HzS), into the air. This procedure is \’ery simple,

efficient and inexpensive.

A greater degree of control can therefore & achieved in maintain-

1Ns
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ing high oxygen concentrations in a land based operation than a cage

culture facility.

tie water samples were collected from the surface and from within

1 m of the bottomat each of the five sampling locations on Jackfish

Lake during February 26, 1987 (Fig. 1), These were analyzed for

essential ions, dissolved solids, pH and ammonia levels (Table 10). In

addition, the

metals (Table

Jackfish tie

(Table 12) and

established by

6).

water was analyzed for the presence of dissolved heavy

11). These are compared with data collected from

by the Department of Fisheries and Oceans during 1977-78

compared to acceptable maximum limits of water as

the U.S. Environmental Protection Agency (1979-80)(Table

4.2.1 Evaluation of Dissolved Minerals andpH
All essential ions and dissolved minerals examinei from hnter

collected from Jackfish Lake in 1977-78 (Table 11) and in 1987 (Table
9) fell within U.S. EPA (1978-79) water quality standards with the
exception of calcium levels which were slightly lower than recommended

(Table 6).
EquillibratedpH  levels however were extremely high. Before the

samples had equilibrated in the lab (byallowik~ CG to escapd, pH
levels averaged 7.5, normal for most lakes (Wetzel 1975). During
equilibration, levels rose and stabilizedat apH of 10.2-10.3. At
these very high levels, the concentration of unionized ammonia (Nl_h-N)
exceeds lethal limits to fish. Reasons for the high equilibrated pH
levels are not known and no explanation can be offerred for these
results (Mr. M. Stainton, Department of Fisheries and Oceans, ~’innipe~,
Water Chemistry Section). It is strongly recommended that further
k“ater chemistry analysis, particularly on pH and ion balance be
performed.
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4.2.2 Heavy Metals Analysis

Generally, levels of the heavy metals iron, lead, copper and

magnesium frcm water collected in February 1987 (Table 11) fell within

acceptable starhrds (Table 6). Zinc levels were slightly in excess of

maximum acceptable limits both during the present survey and during the

1977-78 surveyas were levels of nickel, copper and magnesium (Tables

11 and 12)0 The levels observed are not significantly in excess of

recommended limits and would not be ekpcted to represent a threat t o

fish health. Concentrations of hea~- metals from water samples taken

from near the bottom are generally higher than from surface water

samples which indicate that the sediments act as a trap for heavy

metals. Sediment samples wouldbe expected to have considerably higher

concentrations of hea~ metals (Wagemann et al. 1978).

High levels of arsenic in lakes from the Yellowknife area have

been pre~~iously  documented (Wallace and Hardin 1975, Wagemannet al.

1978).

Arsenic is agange mineral, generated as a by-product from gold

mining operations of w-hich there are several in the vicinityof

Yellowknife. .4rsenic is very soluble in water, and becomes abundant in

the local atmosphere as a gas, in rainwater and associated with dust

particles. During 1975 arsenic levels were measured in aquatic

invertebrates, sediments, macrophytes and water from lakes near

Yellowknife by Wagemann et al. (1978). Aquatic arsenic concentrations— —

as high as 5.5 mg/1 were found in km Lake while levels up to 2.4 g/kg

dry weight (2400 ppm) of zooplankton were observed. There was however,

considerable variation in arsenic concentrations with time, location

and species.

Levels as high as these were not observed from water samples

collected during the present study (0.1 mg/1) or during the 1977-78

survey (0.14 mg/1), however they still si.mificantly  exceed U.S. EPA

acceptable limits (0.05 m.g/1) (Tables 11 and 12). Very little is known

about the sub-lethal toxicity limit of arsenic to aquatic organisms.

It is also not known if exposure to chronic levels of arsenic such as

those presently found in Jackfish Lake are harmful to fish, nor is the

relationship between arsenic and the age and size of fish kmown.
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Despite very high levels of arsenic in the water and in the

herbivores, arsenic does not seem to become concentrated in carnivorous

organisms. Unlike other trace metals such as mercury, there is no

evidence of bioaccumulation through the food chain to higher trophic

levels, for example by invertebrates and fish. However, as intensively

cultured fish would not be consuming a natural food source, this might

limit the amount of arsenic incorporated in the tissue.

Wallace and Hardin (1975) examined whitefish and northerm pike

fromhm Lake and founda maximum level of 3.2 ppm (mg/kg) in pike

muscle tissue. .According to the Canadian Foal and Drug act and

Regulations (1979), the maximum acceptable level of arsenic in fish

protein is 3.5 ppm. These fish would therefore still be acceptable for

commercial sale, altho~~h just barely. Further study on the relation-

ship between dissolved aquatic

fish is strongly recommended.

4.3 Fish Health

Six lake whitefish and two

arsenic levels and the size and age of

northern pike collected on 26 February

1987 from Jackfish Lake were exsmined for the presence of protozoan,

bacterial and \-iral diseases by the Department of Fisheries and @cans,

Winnipeg, Fish Health Section. N. pathogens were detected from these

fish and they were judged to be “disease free”. A larger number of

fish should be examined kfore a definitive statement as to the health

of the resident fish population can be made.

4.4 Tissue Analysis of Hydrocarlxm and Organochloride Contamination

Muscle tissue samples of the northern pike and whitefish species

captured were examined for the presence of hydrocarbon and orgamo-

chloride contamination. These would result from chronic, low level

input due to chemicals or toxicants leeching” into the lake through

groundwater or \.ia airborne transport. At the time of publication,

results f“rom the organochloride scan were not available and will be

included as an addendum when received and interpreted.

~. ~usuallv high le~.els of’ hydrocarbons were found in the Pilie or

whitefish muscle tissue. Trace levels of ethylbenz~me, orthobenzene
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and x~lene were found in both species which are believed to have become
introduced as a result of long range atmospheric transprt of

industrial ~llution. The levels of hydrocarbons found in fish from

Jackfi.sh

l a k e s  i n

p e r s o n a l

Lake are no higher than for fish found elsewhere in isolated

North America (Dr. D. Murray, Fisheries and Oceans, hiinnipeg,

communication) .
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NCFC JACKFISH LAKE ELECI’RICAL GENERATING STATION
held with NCFC staff at the Jackfish Lake

station on Februar.y 24, 1987. The Jackfish Lake
station has two diesel fueled generators, each with a maximk

electrical generating capacity of 5 megawatts. The majority of

Yellowknife’s power demand is supplied by the 30 MW Snare River

hydroelectric station. The diesel generators at Jackfish Lake there-

fore only supply supplementary power during peak periods and normally

do not operate between June and August. In addition, an expansion of

the Snare River generating station is planned which may reduce the

demand for power from the Jackfish Lake facility. However, staff of

the Oackfish Lake facility expect power output to increase during the

next several years. In 1986-87, 3,300,000 litres of diesel fuel were

burnt but is expected to increase to 5 million litres in 1987-88 and 8

million litres in 1988-89.

During normal operation, the station prcduces 11,250 l/rein of 36o

to 500 C water between September and%y. However, the pump which

circulates water throw~h the station functions continually on an annual

basis, regardless of operational status. The fluctuating and inter-

mittent generation ofwste heat by the Jaclifish Lalie station must be

considered in the design of an aquiculture facility.

nNz
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6.0 EVALUATION OF CULTURE SYSTE4S

The following sections will examine the relative advantages and

disadvantages of cage culture and tank culture as they apply to

Jackfish Lake. A brief suxmnary and

6.1 Cage Culture

Cage culture can be defined as

freshwater or marine environment

large net which is suspended in the

evaluation is detailed in Table 13.

the intensive reariuu of fish in a

where fish are contained within a

water by a floating frame.

6.1.1 Capital Investxnent

The capital investment

requirement is minimal and

anchors) are low. However,

for a cage culture facility is low. Land

cost of materials (nets, flotation, dock,

feed storage and refrigeration facilities,

cleani%u equipnent, vehicles, sampling gear and processing facilities

will be comparable to a

of a heat exchanger

regulators and control

facilities.

6.1.2 Operational Cost

Operational costs

tank culture operation. In addition, the cost

(to gain heat from the effluent), piping, flow

mechanisms ~-ill have to be provided for both

of a cage culture facility are slightly lower

than in a hatchery. Less electricity is required to operate pumps and

lights, less heat is required to heat buildings, and the cost of

maintenance is reduced. Reduced maintenance costs will also reduce the

cost of labour slightly.

A significant reduction in relative labour costs can only be

achieved through the economy of scale. An aquiculture facility

operates 24 hours per day, seven c&s a week. Staff must normally be

present 10–12 hours per day with some provision for additional costs

incurred duriwd harvest or for emergencies during off-hours.

A high degree of security must also be present during off-hours to

pre~-ent theft or vandalism.
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6.1.3 Maintenance and Monitoring
The effort involved in the maintenance and care of a cage culture

facility is fairly low. Regular attention mustbe paid to the physical
condition of the cages so that rips or tears do not go unnoticed hich

would allow fish to escape. Nets must be cleaned by divers at regular

intervals so that algae does not build up on the mesh, thereby reducing

circulation.

Monitoring the health of the fish is easy and comparable to that

of a tank culture system. Changes in swimming or feeding habits, a

reduction in growth or feed conversion and increased mortality are

easily o b s e r v e d

ical problem.

difficult.

and may indicate a potential environmental or biolog-

Removal of mortalities is however, slightly more

6.1.4 Water Quality
The water quality of lakes are generally of higher quality than is

found in tanks.

water through the

metabolic wastes

pumping of water :

exist.

Water depth

steep increase in

Pro\”ided there is adequate circulation or movement of

cage, ox~~gen levels are higher and concentrations of

are lower because they

s required, the risk of

are carried away. As no

a supply failure does not

a substantial area w’ith amust be at least 6m over

depth near shore. Jackfish Lake barely pro~-ides  this

in several areas (Fig. 1), being 7-8 mdeep relatively near shore.

However, according to N(3PC station staff at Jackfish Lake, the lake is

subject to fluctuations in depth, w’ith water levels droppi~~ from 1-2 m

in dry years. This factor combined with the anoxic conditions which

exist in the bottom 1-3 m (Fig. 4a) of the lake during mid-summer and

~’inter could pssibly reduce the effective, reliable depth to 4-5 m,

which is insufficient depth for cage culture pur~ses.

The combination of an elevated nutrient load surrounding the cages

and insufficient circulation (~-hich is a strong possibility gi~-en the

small size of the lake and lack of inflok. or outflow) increases the

risk of eutrophication and developing an algal bloom. Should this

occur, the possibility of a “summerkill”  situation exists, whereby the
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algae suddenly dies off and its decomposition depletes the available

oxygen. This would result in a high loss of fish due to oxygen

starvation. To minimize this risk, an emergency air supply would have

to be available to circulate and re-ox~genate  the water.

6.1.5 Growth and Yield

Growth rates of fish raised in cages are generally higher than

growth rates of fish raised in tanks. This is primarily due to the

lower density of fish and higher ~ater quality found in cages.

Densities in cages rarely exceed 30-40 kg/m3, compuxxl to densities in

excess of 80-100 kg/m3 in tanks. Consequently, yield on a ms basis is

lower in cages than from tanks. This is compensated for by maintaining

large volume cages.

As it wouldbe very difficult, if not impossible to hold fish in

cages over the winter, fish would have to be harvested before freeze-

Up. The combination of low, fluctuating summer water temperatures and

short growing season would not guarantee the fish will achieve market

size in one season. If the fish did achieve market size, they would

coincide ~-ith the harvest ofw-ild charr and the market price would bo

lower.

6.1.6 Environment
Environmental conditions present at Jackfish Lake make the

feasibility of developing a cage culture operation exmremel~ 10W. Ice
thickness on Jackfish Lake varies between 1 and 2

anoxic conditions existing w’ithin 1-3 m of

the winter. Water temperatures wouldbe

any growth would be extremely lo~’. Faeces,

wastes would accumulate in the water and

the kmttom

o k ’ , no more

excess food

sediment in

m in depth with

durirg much of

than ~“–~o, and

and nitrogenous

the vicinity of

the cages, causing a significant loss of water quality due to the lack

of circulation.

The area of open water surrounding the effluent outlet of the N.=

electrical generating station during February, 1986 was small, less

than 800 mz. The area of open water required for a small operation c)f

six 10 m cages would be approximately 2275 mz . Temperature data from
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station 5, within 100 m directly offshore of the ice edge, was not

significantly different from water temperatures elsewhere in the lake

(Fig. 4c).
Handling of fish during the winter for censusing, inspection;

transfer or disease treatment wouldbe very difficult. Water coating

the delicate gill filaments would quickly freeze extensively damaging

gill tissue, impairing respiration and causing death.

During spring break-up shifting ice driven by high winds could

cause extensive damage to nets and the supporting frame resulting in

the possible escape of all fish.

6.1.7 Disease

There is a moderate risk of disease occurring amongst fish reared

in cages in freshwater, particularly in an environment containing

resident fish. The existance of a parasite, protozoan, bacterial or

viral disease in the resident population increases the risk of its

spread through the cage reared fish. Proper fish husbandry practices

can reduce the risk of infection, however this is fully dependent upon

the type and severity of the disease.

6.1.8 Predation, Theft and Vandalism

Loss of fish due to predation, from birds and small

as mink and muskrat is acormnon problem. Predation from

llEUIUMk such

birds can be

prevented by placing string or a removable mesh over the cages but the

loss of all fish as a result of a hole from a muskrat is difficult to

prevent.

Poaching of fish from

of potential yield, which,

fish to vandalism, demands

prevent unnecessary loss.

6.2 Tank Culture

Tank culture is the

cages can also represent a si=wificant  loss

combined with the vulnerability of cages and

that a security system be instituted to

general term applied to any of a variety of

fish holding facilities such as raceways, circular or rectangular tanks

and silos of T-aryiw size and construction, usually concrete, plastic

or fiberglass. These systems are all land based and occasionally
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enclosed. Where only a Goldwater source is available, it is recircul-

ated to elevate temperatures and maintain a high degree of control.

The amount of fish which can be grown is limited by the volume of water

available. Recirculation will increase the amount of water available,

but also increases the risk of high mortality due to a mechanical

breakdown of the system.

6.2.1 Capital Investment

Capital investment in a land based tank or raceway system is very

high (Table 13). Land costs, buildings, rearing systems, construction

costs, plumbing and wiring, backup generators, vehicles, Pws?

aerators and other miscellaneous items were estimated to cost approxi-

mately $110,000 in 1985 in@tario for a modest aquiculture facility

producing 22,700 kg of fish annually (Castledine 1986). In the N.W.T.

in 1988 or 1989, capital investment might run between $200,000 to

$250,0000

The major expenditures k’ould be property, building construction

and purchase of rearing facilities. A significant reduction in capitol

costs can be achieved through the use of iowcost rearing units isuch

as culverts) within simple, inexpensive enclosures. These can be

constructed of a hea%v fabric material stretched over a metal frame and

partially insulated (M.Papst, personal communication).

Pumps and plumbing required t.o recirculate water, temperature

control mechanisms, aerators and a backup generator are unavoidable

costs* This facility however imparts considerable environmental

control capabilities, a particularly desirable characteristic given the

severity of the northern climate.

Capital costs for vehicles, feed manufacturing equipment, a feed

storage facility, a freezer facility, cleaning and processing equipment

will be similar for both cage and tank culture operations.

In addition a security system wouldbe required to alert staff in

the event of an electrical or water supply failure which ~’ould result

in si~=ificant  losses of fish.

The high capital costs associated with this type of operation must

be held tc a minimum if it is to be economically \riable. 7Ns
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6.2.2 Operational Costs

Operational costs of a tank system are slightly higher than for a

cage culture facility. The amount of electricity required to p-

water, and provide lighting is considerable. Building maintenance,

tank cleaning and other factors will also increase labour costs.

6.2.3 Maintenance and Monitoring

The degree of maintenance and monitoring of a recirculating

culture system is relatively high. Maintenance of equipment (pumps,

generators, aerators, etc.) and monitoring of temperature, osygen

ammonia levels and flow rates are required.

of control and security provided compensates

ity and exqxmse.

6.2.4 Water Quality

However, the greater level

for the increased complex-

14ater  quality  p a r a m e t e r s  i n  tarlks o r  r a c e w a y s

an acceptable level by the effective removal of

metabolic wastes and reox~-gemtion of the water.

can be maintained at

suspended solids and

In single pass systems, water is circulated only once, so that the

fish receive fresh water exclusively thereby maintaining high water

qualit>-. This is only practiced where there are very large volumes of

water available of a suitable temperature for rapid growth. In Canada

as most of our ground kater is cold (60-80C) all year round a signific-

ant proportion (20-30%) of the annual operating budget wouldbe

consumedly heating costs (A.,-les et al. 1980, McNown and Seireg 1983).

Recirculating 90-95% of the rater minimizes fresh water demand while

pro~-iding large sa~’irgs in heating costs. The increased cost and

maintenance of a recirculating system is justified in most cases

because recirculating water imparts a high degree of environmental

control, stock management, and disease control (Muir 1981, ~C~OWn and

Seireg 1983).

The output of the N(3IT Jackfish Lake electrical generating station

could potentially satisfy the total thermal demand of a facility

located. there. However, a non-scheduled shutdown of the waste heat

source would result in a complete exch~~e of cold water inthetanks
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within a matter of minutes causing a severe thermal

heavy losses of fish (~vles et al. 1980).

The construction of recirculation and a water

tank would act as a buffer to ameliorate the effects

shock and possible

storage or mixing

of a shutdown over

several hours. The effects of variable thermal outputby the station

as well as seasonal differences in lake water temperature ~’ould also be

minimized. In addition, management and control of the water supply and

treatment of

treated water

6.2.5 Growth

diseased fish would be facilitatedas residency time of

would be increased tkfenty fold.

a-xi Yield

Despite slightly

cages, the densities

double that of cages.

considerably higher.

lower growth rates of fish in tanks than in

at which fish can be raised in tanks are at least

Yield on a cubic metre basis is therefore

Based upon the proposed 40 tank system (Appendix

2), between 5 and 6 harvest periods per year are possible. This

rotational system has the ability to provide a constant, consistent

supply of fresh charr which is not pcssible in cages. The ability to

pro~’ide fresh fish to brokers, restaurants and retail outlets reliably,

is an important facet to a successful commercial operation.

6.2.6 Environment

the

and

not

ice

The en~’ironment  in a tank or raceway is under strict control by

aquaculturist. Water temperature, flow rate, water quality, light

other environmental factors are easily manipulated. The fish are

exposed to the environmental or seasonal extremes in heat and cold,

conditions, fluctuating ~=ter temperatures and light, to which they

wouldbe exposed to in cages. Should the ~~ter source become polluted

(due to an oil spill or chemical dump) the inlet source couldbe

relocated and intake volumes reduced in order to filter or at least

minimize the effects of such an occurrence.
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6.2.7 Disease

The risk of fish reared in a tank or raceway contracting a

can be less than fish reared in cages, if a high level of water

disease

quality

is maintained. The oppcmtunity of filtering or treating incoming water

exists in a tank facility where it does not in a cage facility.

Treatment of infected fish in a tank is also easier and more effective.

Again, it shouldbe stressed that the most important facet of disease

prevention is avoidance through the importation

disease free” fish.

Tank culture also allows different groups of

not only from resident fish but from each other.

_ of fish becomes infected with a disease, the

of only “certified

fish to be isolated,

In this way if one

risk of transmission

between fish or through the water supply is negated.

6.2.8 Predation, Theft and Vandalism

Although predation is not a factor in ‘- culture, theft and

vandalism remain a consideration. Because hatcheries support large

numbers of fish in an extremely small area they are very vulnerable and

a security system would have to be established.
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7.0 CONCLUSIONS

1. The intensive aquiculture of Arctic charr in the Northwest

Territories is considerd to be biologically and technologically

feasible. Jackfish Lake appears to be a suitable location based

upon the availability of an abundant supply of waste heat,

convenient access to transportation and the presence of an

abundant source of trash fish from which to manufacture feed.

2. Based upon available water quality information, a definitive

conclusion as to the suitabilityof the water of Jackfish Lake to

support an aquiculture facility cannot be made. Arsenic levels

which exceed U.S. EPA (1978-79) accepted standards and a suspected

pH imbalance maypose a threat to fish health and jeopardize

aquiculture opportunities. Further study on both of these aspects

is strongly recommended.

3. Cage culture of .kctic charr in Jackfish Lake, N.W.T. is not

recommended. The traditional risks associated with cages such as

disease and water quality combined with cold water temperatures, a

short growing season and the unpredictability and extremes in

environmental conditions found in the north

level of risk. The potential for failure

create an unacceptable

exceeds the likelihood

of success.

4. A tank or raceway system is recommended as being the most

practical facility in which to raise Arctic charr. Such a

facility will provide the high degree of environmental control

required for aquiculture in the Arctic, reduce risk to an accept-

able level and greater enhance economic return. It is the opinion

Gf the author that these benefits exceed the deterrent of a high

capital investment.
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apparent biological and technological feasibilityof

in the Northwest Territories, ultimately the success-

of Arctic charr depends upon economic considerations:

These include high transportation costs, high capital and opera-

tioml costs in the Northwest Territories, high risk, an insecure

market, competition from other wild and aquiculture fish and

relatively low product value.

The economics ofa tankor raceway culture system can onlybe

improvedby keeping capital investment to a minimum. Inexpensive

rearing and housing units for the fish should be located before

proceeding further.

To ensure that maximum ,growth rates are achieved, water temperat-

ures shouldbe maintaineias near as possible to the optimum

growth temperature of charr (120-130 C).

Arctic charr should be raised to pan size (250 g) for introduction

to the market. Pan size charr will not compete with the wild

product and because groh%h rates of larger fish are reduced, a

higher turnover is

With the exception

difference in the

maintained resulting in a greater return.

of capitol and labour costs, there is no

cost of importing a commercially manufactured

feed versus the local manufacture of a moist feed using trash fish

from the Great Slave Lake fishery.

A moist feed should therefore be manufactured due to the greater

palatability and performance of fish fed a moist feed. In

addition, a portion of the money spent for the purchase and

manufacturimu  of the feed would stay h’ithin the community.
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10. Identification of further suitable sites for intensive aquiculture

in the Northwest Territories shouldbe based upon the following

preliminary investigations being carried out. These include: ,

i)

ii)

iii’

iv)

v)

vi)

~.ii)

v i i i )

Performance of a complete water quality ~lysis to

include essential ions, dissolved solids and heavy metals.

Analysis of t i s s u e s  f r o m resident fish species to

determine the levels of heavy

inants such as pesticides,

toxicants.

Analysis of tissues of resident

metals and other contam-

PCB’S and other organic

fish for the presence of

pathogenic bacteria and \’iral organisms.

Access to a sufficiently large, reliable source of trash

fish from which to manufacture a moist diet.

Presence of a reliable waste or low grade heat source able

to satisfy the total annual thermal requirements of a

hatchery facility.

Ready access to convenient land and air transport.

Knowledge of the seasonal changes in limnological

parameters such as depth, ox~-gen, temperature, salinity

and hydrodynamics.

Identification of potential hazards such as mines,

pipelines, toxic waste disposal sites, or facilities which

might pose a threat to water quality.

11. Construction and implimentation of such a facility, even if

uneconomical at this time, may become economical in the near

future. Development of the necessary technology will have been

accomplished and the facility could

feasibility oyration which could be

funding from interested industry and

serve as a pilot - commercial

utilized and receive limited

government agencies.
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8.0 ~ATIONS RX? FUTURE SnJmEs

10

2.

3.

4.

5.

It k reconmnended that before an aquiculture operation i’s

initiated, the actual relationship between arsenic in the water

from Jackfish Lake, N.W.T. and arsenic concentrations in the

zooplankton, and tissues of resident whitefish and northern pike

be determined. The effect of the arsenic level in the water on

the growth and health of fish being fed a manufactured diet should

be fully researched.

Presence of the suspected pH imbalance and reasons for its

occurance should be elucichted. Whether this condition actually

exists or whether these values represent an anomally is not known

and additional water quality data

possible.

The collection of general water

Jackfish tie should be continued

should be collected as soon as

quality and chemistry data from

for a one year period.

It is recommended that an economic evaluation and marketing stu4v

of artificially reared Arctic charr be performed. The local

demand for fresh charr during periods when they are not competing

with w-ild fish should be stressed in the stu~v.

The temporal availability, exact costs and logistics associated

with purchasi~d  fresh trash fish from the Great Slave Lake fishmen

should be further investigated.

A minimum of two distinct, disease free populations of Arctic

charr should be identified. These stocks should each be evaluatd

to determine which strain demonstrates the highest growth rate and

the lowest feed:gain ratio and mortality rate.
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6. The design for a completely functioning hatchery/tank c u l t u r e

system, capable of producing a minimum of 32,000 kg of fish per

year, with room for expansion, should recompleted. Allconstruc-

tion and equipnent  costs, and labour and operational costs should

be detailed for inclusion in an economic feasibility study.
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Table 3. Comparison of feed:gain ratios of different strains of Arctic charr
fed different rations.

.————. .

Strain Temperature Size Range Manufacturer Feed:Gain Reference
(Oc) (g) Ratio

Stovsnnet R. 10 117-273
Norway

Fraser R. 14 1o-1oo
Labrador

Sunndalsora 14 1o-1oo
Norway

Sunndalsora 12 13-54
Norway

Sunndalsora 12 13-78
Norway

Sunndalsora 12 13-53
Norway

Fraser R. 12 12-72
Labrador

Fraser R. 12 12-65
Labrador

commercial dry 1.19-1.32 Jobling (1983c)
pellet

1.35

2.14

1.41

Scl’ 1.81

ABR 2.43

Sm 1.15

1.17

Baker (1983)

Baker (1983)

Tabachek (1983)

Tabachek (1983)

Tabachek (1983)

Tabachek (1983)

Tabachek (1983)

Martin Feed tills, Ontario
Manufactured Control Diet by Tabachek (1983)
Silver Cup Trout food
Abernathy Salmon diet
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T a b l e 4 . A standard feeding table based upon the relationship between fish
size (g) and temperature (oC) [taken from Hilton and Slinger (1981

........-.------..-.Z..--..--.-”.-.—-—.———.. -———- —

Water Temperature
Mean Wt. (g) 6 7 8 9 10 11 12 13 14 15

0.38
0.77
1.4
2.5
5.0
7.7

11.1
25
33
50
67

100
200
500

% body weight per day

2.9 3.4 3.7 3.9 4.6 4.8 5.2 5.8 6.0 6.4
2.8 3.3 3.6 3.8 4.4 4.7 4.9 5.6 5.9 6.1
2.7 3.0 3.3 3.6 401 4.5 4.8 5.1 5.6 5.8
2.6 2.8 3.0 3.2 3.9 4.0 4.6 4.9 5.0 5.1
2.3 2.6 2.8 3.0 3.6 3.8 4.3 4.5 4.6 4.7
2.1 2.3 2.5 2.8 3.3 3.6 3.7 3.9 4.0 4.1
1.9 2.0 2.1 2.4 2.7 2.9 3.0 3.2 3.6 3.8
1.6 1.7 1.8 1.9 2.0 2.1 2.4 2.6 3.0 3.2
1.5 1.6 1.7 1.8 1.8 1.9 2.0 2.2 2.8 2.9
1.3 1.4 1.5 1.6 1.7 1,8 1.9 2.1 2.4 2.5
1.2 1.3 1.4 1.5 1.6 1.7 1.8 2.0 2.3 2.4
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
0.8 0.9 1.0 1.0 1.1 1.1 1.2 1.3 1.5 1.6
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Table 5. The relationship between water quality on flow, loading rate,
(kg/l/rein), density (kg/ma ) and hourly exchange. These
values are based on the availability of 10,00 l/rein flow and
individual raceway rearing volumes of 60 ms (after Westers
1983).

.- —

Description of design parameters Water Quality Ranking
High Good Moderate Poor

Maximum allowable loading
(kg/l/rein) 3.00 2.25 1.50 .75

Total maximum production
in kg 30,000 22,500 15,000 7,500

Rearing space (ma ) needed
for a maximum allowable
density of 32 kg/mq* 937 703 468 234

Number of raceways required 15 12 8 4

Hourly exchange rate per
raceway 2.6 3.4 5.1 10.3

Resulting water velocity in
cm/sec. 2.4 3.2 4.8 9.7

X production can be tripled for Arctic charr without increasing space.



Table 6. U.S. Environmental Protection
1980 (from Daily and Economon

72

Agency water quality standmds 1979-
1983 ) .

Elemnt MSXimum Acceptable
Limit

Alkalinity ( hardness as CaC03 )
Alminun (Al)
Amnonia (N& )
Arsenic (As )
Barim (Ba)
Cadmim (alkalinity <100)

(alkalinity >100)
Calcium (Ca)
Chlorine (Cl)
Chromium (Cr)
Carbon dioxide (CQ )

Copper (alkalinity< 100 mg/1)
(~) (a.Lkalini.tY  >100 mg/1)

Dissolved oxygen (DO)

Fluoride (F)
=gen cy=ide (HCN)
Hydrogen sulfide (&S)
Iron (Fe)
Lead (Pb)
Magnesium (Mg)
Manganese (Mn)
Mercury (Hg)
Nitrogen (N)

Nitrate (N03 )
Nitrite (N03 )
Nickel (Ni)

pH
Potassium (K)
Salinity
Selenium (Se)
Silver (&)
Sodium (Na)
sulfur (s)
Sulphate (S04)
Total Dissolved Solids (TDS)
Total Suspended Solids (TSS)
Uranium (U)
vanadium (v)
Zinc (Zn)
Zirconium (Z)

20 mg/1 at least
<0.1 mg/1
<.02 mg/1
<,05 mg/1
5 mg/1
.0005 mg/1
.005 mg/1
52 mg/1 at least
<.003 mg/1
.03 mg/1
1.5 mg/1 is best (no more than 15
mg/1)
.006 mgl
.03 mg/1
75% of saturated level, never
less than 5 mg/1
<.5 mg/1
<.005 mg/1
<.003 mg/1
<.1 mg/1
<.02 mg/1
<15 mg/1
<.01 mg/1
<.2 mg/1
<110% total gas pressure, 103%
nitrogen gas
<1.0 mg/1
<1.0 mg/1
<.01 mg/1
.002 mg/1
6.7-8.6
<5.0 mg/1
<0.5 %
<.01 mg/1
<.003 mg/1
<75 mg/1
<1.0 mg/1
<50 mg/1
<400 mg/1
<80 mg/1
<.1 mg/1
<.1 mg/1
.005 mg/1
.1 U/l



Table 7. Vitamin requirements and deficiency symptoms in salmonids  (after Hilton and
Slinger 1981) .

- . — —~—.——
Requireme

Vitamin (nw/kg  of air%-y f e e d Deficiency Sympt2xrLS

Water-soluble

Thiamine

Riboflavin

Niacin

Pantothenic
acid 40

Pyridoxine 10

Cobalsmine
(B12) 0.02

Folic acid 5

B i o t i n 1

Ascorbic acid 100

10

20

150

Inositol

Choline

Oil-soluble

Vitamin A

VitaminD2

400

3000

2000 I.U./kg feed

3000 I.U./kg feed

Convulsions, neuritis

Cata2acts, anemia, dark coloration

Swollen gills, intestinal lesions, poor
cmrdination, anemia

Clubbed gills, anemia, sluggish behavior,
prostration

Anemia, hyperirritability, fits, erratic swinndng

Anemia, fragmentedand imuature erythrocytes

Anemia, fragility of caudal fin, lethargy, pale
gills

Anorexia, pale gills, high glycogen in liver,
colonic lesions

Spinal deformities, anemia, lethargy, prostration

Anorexia, por growth, poor feed efficiency

Hemorrhages, fatty livers, colonic lesions, poor
growth

Cataracts, ~otophobia, anemia, dim vision

Lethargy, tetany-like contractions, increasad
lipid content of liver, muscle, carcass, droopy
tails

VitaminK 80 Hemorrhages, pale gills, increased prothrombin
time

Vitamin E 30 I.U./kg feed Anemia, exulative diathesis, dennsl
depigmentation and epicazditis
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Table 8. A list of ingredients contained in different diets
according to lifestages as manufactured by BIOPRODUCI’S
INC. (Warrenton, Ore).

Ingredient Warter Grower Feed Brood

Fish (pasteurized)
Liver (pasteurized)
Krill (pasteurized)

Fish Meal
Feather meal (processed)
Wheat gexm meal
Blood meal
Driedwheyproduct
cottonseed meal
Egg meal
Brewers yeast

Fish Oil
Tallow
Lecithin

Ethoxyquin (antioxidant)
Potassium sorbate

(preservative)
Choline chloride
Phosphoric acid
Bentonite

x
x
x

x x x

x

x x
x
x
x
x
x

x
x
x
x
x
x

x

x
x
x

x
x
x

x
x x x
x x x

x
x

x
x x x
x
x

x
x

x
x

x
x

x
x

x
x
x
x

x
x
x
x

x
x
x
xStarch

Vitamin

Mineral

x
supplement

supplement

x x x x

x x x x

1 Ingredients not by preponderance.
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Table9. Martin Feed Mills, Elmira, Ontario, trout feed information.
Costs as quoted 24 February, 1987.

Fish Feed
Feed Size (cm) Size (mm)x Cost ($/25 kg) Cost ($/kg)

Starter

Starter

Starter

Starter

Grower

Grower

Grower

Grower

Grower

Grower

Grower

swim-up

<2g

6.3

6.3-7.6

7.6-10.6

10.6-12.7

12.7-15.2

15.2-17.8

17.8+

15-20

20+

starter

0.5 GR

1.0 GR

1.5 GR

2 GR

3 GR

3 PT

4 PT

4.5 PT

5 PT

6 PT

20.50

2 0 . 0 0

19 .75

19 .00

15 .95

15 .70

15 .45

15 .20

15 .10

14 .95

14 .95

0.82

0.80

0.79

0.76

0.64

0.63

0.62

0.61

0.60

0.60

0.60

X GR = granule
PT = pellet



Table 10. Water quality analysis of Jackfish Lake, 14.W.T.  during 26 February, 1987. All Uits in n@l unless othemise stated.

Mineral

Station Depth AmnoniaA NitriteA NitrateA Scdium Po*siun
(m)

Cdciua Iron
~ - 1 1

Manganese
~ - 1 1

Alkalinity PH
~-n Na K CX?J Fe Mn meq/1

1 0 20 1 255 5 . 2 2 . 7 29.0 <.03 <.01 2.12 10.15

6 40 2 265 4 . 9 3.1 29.0 <.03 <.01 1.67 9.89

2 0 30 2 260 5.1 3.2 29.0 <.03 <.01 1.68 10.23

6 20 1 260 4.9 2.7 28.1 <.03 <.01 1.60 10.22

3 0 20 1 255 5.0 2.9 30.2 <.03 <.01 2.15 10.27

8 20 1 240 4.9 2.8 28.1 <.03 <.01 1.63 10.27

4 0 30 1 350 4 . 9 2 . 8 29.5 <.03 <.01 1.90 10.28

5 10 1 245 4 . 8 2.7
w

27.9 <.03 <.01 1.61 10.24 ~

5 0 30 1 275 4.9 2.8 27.9 (.03 <.01 1.60 10.27

7 10 1 250 4.8 2.7 27.9 <.03 <.01 1.60 10.25

A Units a r e  pg/1
B Units are meq/1 (1 meq/1 = 50 mg/1 as CaCCh)(l+’etzel  1975)
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Table 11. Results of heavy metal analysis of water samples collected from Jackfish Lake,
N.W.T. on February 26, 1987.

Station Depth Metal
(m) Iron Lead Copper Arsenic Zinc Magnesium

w/1 mg/1 mg/1 mg/1 mg/1 mf3/1

1 0
6

,022
.028

<.0005
<.0005

.0039

.0048
● 100X
.095*

.0043

.0041
9.3
8.8

2 0
6

.023

.029
<.0005
<.0005

.0042

.O21O*
.097%
.096*

.0058X

.019*
9.3
8.8

3 0
8

.016

.037

.015

.016

<.0005
<.0005

.0016

.0041
. Ioox
.095*

.014*

.034*
9*3
8.8

4 0
5

<.0005
<.0005

.0016

.0023
.094*
.096%

.0021

.0014
9.1
8.8

5 0
7

.021

.019
< ● 0005
<.0005

.0012

.0021
.097*
.095*

.0006

.0011
9.1
9.1

Maximum
Acceptable Limits
(m/l) U.S. EPA

<.100 <.020 <.006 <.050 .005 15.0

XExcee&mimm acceptable U.S. EPA (1978-79) water quality standards.



Table 12. Pb~eio-cbemicd  characteristics ofuater  saaples  collected fron Jackfi:h Lake durin[ llllasd 1918,: Allrdmea are i~ag/1  uolesaotieruiae stated. W“ meana aaepleuas
aot taieo,

Ckaracterigtics D&te 12/05/1? 211061?1 21/06/1? 29/05/18 21/05/?1 22/06/11 22/0$/?1 11/08/?8 11/08/11 llIU}lI 31/08/1:
StstioB - 1 2 1 2 1 2 1 2 1 2
Depth O 0 0 0 0 0 0 0 0 0 0

Araeoic (Total)
llercur~s~ld [Total]
Hickel [Total]
Copper (TotalJ
Lead (Totalj
Zioc (Totalj
Ca.isiua [Total}
Cobalt (Total]
Iroo ITotal\
Marigaoese  (total]
Ila;nesium [Tottl]
Calcium (Oiscolved]
Sodius [Dissolred)
Potassius (Dissolved)
Total alkaliait~
Total bardnesa
Silica (Reactive]
Nitrite (Diasolvedl
Nitrs,te  (Disaolved]
Total Phosphorus
Chloride [Diaaolved]
Sulpbate (Disaolved~
Total Carbon
Ioor{aoiccarbos
Ortanic  carbos
Specific Coaductaoce (usbolcsl
SeccJi disc [a)
pa
Temperature [IC]

0!195
(0,2

(0.03
(0.02

(0.002
(0.01

(0.002
(0.05
(0.02
(0.02

1.5
$0.9

.36
1.2
U
M

3.15
(0,01
(0,01
0.01
2.s

19
25
12
13
M
HA
IIA

7.0

0.13
(0,2

(0.03
(0.02
0.00?
(0.61

(0,002
(O.Os
(0.02
(0.02

HA
23.2
.3!
?.1

59
81

3.08
(0.01
(0.01
0.02
2.2

22
25$

13!$
12

183
2.0

HA
18.0

0.01
WA

(0.03
(0.02

(0.002
(0,03
0.01

(0.002
(0.05
(0.02
0.02

HA
IIA
MA
IA
MA
HA
HA
HA

IAA
IIA
MA
1A
MA
Ill
AIA
HA
MA
)lA

0.080
(.2

0.02
(0.02
0.004
{0,01
0.006
(0.0$

HA
0.002

1.2
16.S
1.1
2.4

61
114

AIA
(0.01
(0.01
0,03
2.2

26
25
12
11

160.E
BA

6.{
1.0

0,016
(,2

0.02
0.o1

0.003
0,02

(0,002
{0,0s

HA
0.002

4,2
16.0
?.2

1.85
2$
85
HA

(0,01
O.to
0,03
4.$

(5
24
12
12

160.S
MA

7,1
1,0

.100
.s

(0.03
(0.02

(0.005
0,02

0.01!
(0,05
0.0?
0.01
6.0
2!

4.5
2.$

HA
HA
HA
Au
IIA
M
AIA
HA
$A
NA
HA

12it.1
2,5

IIA
14.O

,101
.$

(0.03
(0.02

(00005
(O,ol

(0.002
(0,05
0.05
0,03
6.1

24
4.2
2.4
54
90
IIA

(0.01
0.01

(0.01
3.1
3.0
22
12
10

402.6
3.0

HA
14!0

01!
(.02

(0.03
(0.02

(0.005
(0.01

(0,002
(0.05
0.01

AIA
$,0

12
2.8
2.3
5$
s?
IIA

(0.01
(0.01
0.03
2.1

26
u
11
11

159.1
3.0

HA
18.0

,14
(.02

(0,03
(0,02

(0.005
(0.01

(0.002
{0.0$
0.04

HA
6,3

13
:.s
2.3
5{
54
HA

(0.01
0.01
0.0!
2.9

21
21
12
12

1$9.1
2.0

MA
18.0

0,010
(0.02

u
(0,02

(0.005
(0,01

(0.002
(0.05
0.0$

HA
S,o

MA
HA
HA
t2
46
MA

(0.01
(0.01
0,09
4.1

26
2$
Is
12

1s0
1.0

HA
15.0

0.080
(0.02
(0.03
(0.02

(0.005
(0.01

(0.002
(0.05
(0.03

HA
8.0

HA
1A
IIA w

CQ
78
36
HA

(O.O1
(0.01
0,01
3,1

25
26
13
13

183
1.5

IIA
15.0

lAI1 data pro?ided b~ Il. Boberfe,  Fisheries aod Oceana, Minnipeg, tlanitoba.
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Table 13. Summarized, comparative evaluation of cost, and
environmental and biological parameters as they
apply to Jackfish Lake! N.W.T.

Rearing Facility
Parameter Hatchery Cage

Capital Investment

Operating Cost

Maintenance

{

Temperature

Water Oxygen
Quality

Metabolizes

Overall Environmental
Control

Environmental
Influence

Growth

Yield

Risk of Disease

Disease Treatment

Market Control

High

Moderate

Moderate

Controlled

Good-Fair

Good-Fair

High

Low

Moderate-High

High

Moderate

Good

High

Low

Low

Moderate-Low

Variable

Good

Good

Low

High

High

Moderate

Moderate

Fair-Good

Low
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Figure 1. Location of Jackfish Lake, N.W.T. in relation to the city

of Yellowknife. tiation of the Northern Canada Power

Commission (N~) station and sampling locations are as

indicated.

nN:
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Figu.re2. Relationship between specific growth rate (% bc&

weight/day) and temperature (oC) for rainbow tr~~t ad

Arctic charr from Labrador and Norway (after Baker 1983).
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Figure 3. Comparative evaluation of time (days) required for Arctic

charr to reach harvest size (250 g) at different

temperatures.
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Figure 4a. Temperat~e (oCI and ox~gen (mg/1) profiles for Jackfish

Lake, N.W.T., collected during the summer of 1980 (after

tikrge and Gillman 1986).
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Figure 4b. Temperature (OC) andos~gen (m@/l) profiles for J~kfish

Lake, N.W. T. , collected during the winter of 1980-1981

(after Roberge and Gillman 1986).
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Figure 4c. Temperature (“C) profiles of five stations from J~kfish

Lake, N.W. T. on 26 February 1987.
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APPENDIX1

BASIC BIOKX3Y OF ARCTIC CHARR

Arctic charr have a circumpolar distribution and are the
most northerly of all freshwater fish. In the Northwest
Territories charr are found in most coastal streams and lakes from
the Mackenzie River to Iqualuit (Frobisher Bay).

Arctic charr are fall spawners, usually breeding in
September or October in streams or lakes. Charr occur in two
forms, a lake dwelling dwarf population, or an anadromous form,
spending the winter in freshwater and migrating to sea to feed
during the summer. It is during this period in the sea that
Arctic charr are capable of very high growth rates and food
conversion efficiencies.

Growth rates, sizes, age at first maturity and maximum age
of charr are extremely variable, both longitudinally and lati-
tudinally. Anadromous charr grow faster and achieve larger sizes
than do landlocked freshwater charr. These charr seldom exceed
350 nun in length but may be up to 20 years old. Anadromous charr
may exceed 1 m in length, weigh in excess of 20 lbs and live to be
30 years of age.

Most anadromous charr first mature between 5 and 10 years
of age, spawning every two to three years. The average female
lays between 3,000 and 5,000 eggs of 4.0-5.5 mm in diameter.

Arctic charr feed primarily upon aquatic insects,
crustaceans and fish. Charr have few natural predators as adults,
but are occasionally preyed upon by seals.
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APPENDIX2

ESTIMATED PRODUCI’ION CAPABILITY OF HYWEWl?ICAL  ms~ CULTURE
FACILITY FOR JACKFISH LAKE, N. W.T.

The following section presents a theoretical hatchery

model which consists of 44, 1500 litre recirculati~d tanks capable

of producing 5,000 kg of Arctic charr every 55 days.

Estimates of predicted growth rates for the charr are

baseduwn a growth model developed byPapst ~ ~. (1982) for

i-dJJluuw LL-UU14 WIIL(.X1, acL.uJxUIlg

tion) , will also approximate

conditions. Growth rates for

modelat  ~0,  SO, 100, 1 2 0  ~d

.....4-L--- A--..* --l-:-l- .---—32—- to M. Papst (personal cormnunica-

growth of charr under certain

charr were predicted using this

40 C and are illustrated in Figure

AI. Production of the theoretical

predicted growth rates of charr

charr of 5 g initial size.

Figure A2 illustrates a

for one of the two identical

hatchery (Fig. AZ) was based on

at 140 C, starting with 20,000

theoretical production scenario

systems proposed. Each “system”

consists of 22 recirculating tanks divided into 4 le~-els. Level 1

contains 10,000 5 g charr stocked at an initial density of 33

kg/m3. After 55 days growth (at 140 C) the charr wouldbe

approximately 20 g (Fig. Al), whereupon they would be split

amongst 3, le~-el 2 tanks at a density of 44 kg/ma (Fig. A2).

After each additional 55 day cycle tanks are split in half to

yield 12 level 4 tanks, each containing 830 fish at a mean weight

of 140 g. After a further 55 days growth, market size is reached

and the fish are harvested. As each group of fish move up a level,

more fish are moved in to replace them so that a rotational cycle

is established. Therefore, the total production of each 55 day

cycle for each 22 tank “system” is as follows:

10,000 fish x 250 g = 2,500 kg

The combined total for both systems is therefore 5,000 kg. There

are 6.5, fifty-five day cycles possible per year:
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6.5 x 5,000 kg = 32,500 kg/year

Therefore, themaximumtotd annual production of hctic

charr given this design would be 32,500 kg.

. .
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Figure Al. Estimated number of days for Arctic charr to achieve a

minimum weight of 250 g at different temperatures based on

a growth model for rainbow trout bY ~pst ~ 4. (1982).

.uN:
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Figure Az. Schematic diagram of proposed hypothetical intensive

culture facility. This scheme depicts only half of the

proposed total of 44 tanks. Estimates of production of

this single system should be doubled to obtain total

production estimates for the entire facility.

o

N

:
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10,000 Fish @ 5 g @ 33 kg/m3

A1

20 g

2

A

2 2

60 g 60 g

3 3

~1

3 3 3 3

140 g 140 g

++

4 4 4 4 4  4 4 4 4 4 4  4

To Market at 250 g

Stocking

Marke t

I n i t i a l F i n a l

Weight D e n s i t y T o t a l Weight D e n s i t y Tota l  Weight

( 9 ) kg/m 3 # o f
Days ( 9 ) kg /m3 ( k g )

Cumulative
# of Days

55 days

110 days

165 days

210 days

1 5 33 55 20 132 200
2 20 44 110 60 132 600
3 60 66 165 140 154 1400
4 140 77 210 250 138 2500


