Arctic Development

Feasibility Of The Intensive Culture Of Arctic
Char (salvelinus Alpinus) At Jackfish Lake
Type of Study: Primary Production
Fisheries, Acquaculture In The Nwt
Date of Report: 1987
Author: North/south Consultants Inc
Catalogue Number: 3-27-3

Library Managed By Economic Planning Section, Economic Development and Tourism Government of the NWT, and by:
The Inuvaluit Community Economic Development Organization (CEDO)
Financial assistance provided by the NWT EDA, Inuvik Regional Office of ED&T and DIAND, Indian and Inuit Services.



4.4 ADDENDUM
orGaNocHLORIDE SCAN OF FI SH MUSCLE TI SSUE FROM JACKFI SH LAKE

Total concentrations of organochloride conpounds present in nuscle
tissue from northern pike and whitefish collected from Jackfish tie,
N.W.T. were low (Table 1) andwell within National Health and Welfare
guidelines for comercial fish (D. Muir, Freshwater Institute,
Winnipeg, personal commumication).

Arctic charr would be expected to have slightly higher
organochl oride levels than reported here however, due to the higher
fat:protein rati o of muscle tissue of charr than ei t her pike or
whitefish, but are not expected to be a problem.

It can be concluded that due to the |ow | evel s of organochloride
compounds present in resident fish of Jackfish Lake, this will not be a

factor in the use of Jackfish Lake for aquiculture purposes.




Table 1. Analysis of total organochloride conpounds present inwhitefish and pike muscle
tissue collected from Jackfish La,ke, NWT. on 26 February, 1987. All units are
inriglg wet weight (parts per billion. )

Compound ¥ Pi ke Whitefish
CBz 0.18 0.29
HCH 0.38 0.96
CHLOR 0.26 0.30
DDT 36. 36 24. 34
PCB-T 17.22 12.52
ARO 1:1 13. 63 9.00
TOXA 10. 39 7.49
DI ELDRI N 0.05 0.10
FCB' s
TRI 1.70 1.41
TETRA 4, 84 4.05
m A 3.62 2.52
HEXA 4,14 2.75
HEPTA 2.39 1.48
OCTA 0.50 0.29
NON' DEC 0.03 0.02
+ CBz = chl orobenzenes
HCH = hexachl orocycl ohexanes
CHLOR = chlordane - related conpounds
DDT = DDT related conpounds
FCB-T = total polychlorobiphenyls
ARO = PCB’s ss Aroclor 1254-1260 equivalents
TOXA = toxaphene
TR = trichloro - PCB
TETRA = tetrachl.oro-PCB
PENTA = pentachloro - PCB
HEXA = hexachloro - PCB
HEPTA = heptachloro - PCB
OCTA = octachloro - PCB
NON DEC = nona, decachloro - PCB
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1.0 INTRODUCTION

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 wth the developing
science and t echnol ogy of aquiculture can provide valuable opport uni -
ties for supplying the increasing Canadian export market demsnd for
fresh fish, generating enployment and creating new econonic opportun-
ities.

Worl dwi de, aquiculture is a rapidly expanding industry having
experienced a growh rate of 67% during thepastdecade (MacDonald
1985). The development of aquiculture in Canada however, has been
limited and slow. CQur low | evel of aquiculture devel opnent relative to
other countries, is due primarily to the abundance of our wld fish
resources and our environnental conditions. Canada produced only 6,000
tonnes of fish and shellfish in 1984 versus a total production of 1.24
mllion tonnes of wild fish. Contrast this with the 2.5 mllion tonnes
of aquiculture production in China the same year (MicDonald 1985).

Aqui cul ture devel opment is typically a long term process, charac-
terized by slow initial growh. There are nunerous problenms to be
overcone such as nutrition, disease, genetics anda technol ogy which
has been devel oped for specific application to a southern, tenperate
climate. Additional problens specific to Canada snd the north exist
such as weather, transportation, high operational costs, cold water and
conmpetition fromother fish (Ayles 1980, Table 1). Additional research
is required to develop a technology specific to aquiculture in the
Nort hwest Territories.

Interest in developing Arctic charr (Salvelinus alpinus) as an

aquiculture species in Canada has been increasing due to its val ue,
limited availability and its unique Canadian identity, Biologically
Arctic charr also nmay be better suited to aquiculture in Canada than
more traditionl 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 exam ned
by researchers in Norway (Gjedrem and Gunnes 1978, Wandsvi k and Jobling
1982, Jobling 1983a, 1983b and others) and in Canada (Baker 1983, Papst
and Hopky 1984). Initial results indicate that Arctic charr require
cool er waters than other sal nonids and a high qualityof food to
achieve maxi numgrowh rates. In Canada, nmost of our water is too cold
to provide for maxinum growth year round and therefore nustbe heated
to achieve optinum growth tenperatures. As energy and food require-
ments are the mgjor 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 conpressor stations,
mning 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-
| ogi cal feasibilityof intensive aquiculture of Arctic charr utilizing
wast e heat generated from a Northern Canada Power Commission (NCPC)
electrical generating station on Jackfish Lake, near Yellowknife,
NWT. (Fig. 1). This station operates at |east nine nonths of the
year providing up to 11,250 L/rein of 400 C water, which could be used
to suppl enent |ake water for the culture of charr either in cages or in
raceways.

This study al so evaluates relative technol ogical, economc and
nutritional nerits of providing a locally manufactured fish feed
derived from coarse fish, available in large quantities fromthe G eat
Slave Lake comercial fishery, versus an inported, commercially
manuf act ured feed. Al though 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

Nort hwest Territories.
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2.0 REVIEW OF TECHNICAL INFORMATION

Included in this section is a review of the technical information
pertaining to the intensive aquacul tureof Arctic charr. This informa+
tionwas gathered fromall 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 raised in freshwater in
Scotland or the Scandinavian countries. Ntety-five percent of all
aquiculture in these countries involves sea cage culture, primrilyof
Atlantic salmon and rainbow trout. Arctic charr perform poorly in sea
cages (Gjedrem 1975a, Gjedrem and Gunnes 1978) and attenpts at their
culture exclusively in freshwater has not yet been attenptedon a
commercial scale. Research on Arctic charr aquiculture in Scandanavia
is still inits 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 nust be followed to obtain
and establish a source of Arctic charr, followed by a discussion of the
bi ol ogi cal and physical environmental factors which affect growh and
devel opnent of arctic charr fromearly life stages to juvenile fish.

2.1 ARCTIC CHARR ACQUI SITI ON

Acquiring up to 200,000 eggs annually, until a brood stock can be
established, wll be both costly and difficult. The first obstacle
will be identifying populations which are known to be free of
i nfectious diseases (see Section 2.3.7).

Selection of an Arctic charr population should be based upon
previously known data in order that the risk of inporting diseased eggs
is mnimzed. The inmported eggs nmnust then be held in a quarantine
facility until certified disease free in ordertoelim nate contact
with non-diseased fish or eggs.

It is strongly reconmended that Arctic charr eggs are obtained

from at |east 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
addi ti on, it is desirable to evaluate the perfonnance of different
strai nsunder c ommercial aquiculture conditions in order that the
better strain can be utilized for production purposes. Furt her
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
Appendi xI . Arctic charr are fall spawners, reproducing primarily in
| akes between Septenber and Cctober, depending upon latitude. It is
during this time that weather conditions deteriorate snd becone
unpredi ctable thus making the collection of eggs potentially difficult.
It is therefore necessary to know exactly when and where the charr will

spawn.

2.2 EARLY LIFE HISTORY

The facilities required in which to rear Arctic charr fromegg to
swmup or feeding fry are the same as those required for other
sal moni ds, however the conditions under which chsrr nust be reared are
slightly different.

Eggs are reared in standard Heath trays until shortly before yol k-
ssc absorption is conpleted. They are then transferred to raceways
before they begin to “swimup” to conmence feeding.

It is inportant that early devel opnent of eggs (at least until the
“eyed” stage) occur in cold (60-80C) water (Swift 1965). Before the
eyed stage the eggs should be naintained in a darkened area and shoul d
not be handl edas they are quite fragile. Fungal growth on dead eggs
during this period is generally a problem but canbe treated with a
standard application of malachite green. Once the eggs becone eyed
(eyes becone visible in the egg), they are nore resilient and canbe
handl ed. It is very inportant that high water "quality standards are
mai ntai ned throughout all early life history stages (see Section
2.3.5). Water tenperature has the greatest influence on devel opment and
survival of eggs and growth of jweniles. Swift (1965) reared Arctic
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charr eggs at tenperatures ranging from40 to 120 C.  The relationship
between tenperature, hatching tine and nortality is as follows:

Temper at ure (_'c) Davs to Hatch % Mortality :
4 97 6
6 76 8
8 54 14
10 41 90
12 36 97

In order to gain the best conpromi se between the number of days
required to hatch the eggs and the percent nortality of the eggs a
temperature of 8 Cis recomended. Accel erated yol k-sac absorption,
earlier feeding and increased growth can be achieved by maintaining
water temperatures at 100 C from hatch until swimup and 12° C there-
after. It is estimted that approximately 6-8 weeks would be required
to reach 1 g following this regime as conpared to the 4 nonths normally
required at a constant tenperature of 6.50 C.

Baker ( 1981) exposed eyed Arctic charr eggs to tenperatures of 60,
80, 100 and 12¢C. At 100 C survival of eggs and al evins renained high
(89%, while at 120c survival fell off to less than 50%

The overall estimated nortality of wild eggs imported to the
Fisheries and oceans, Rockwood Experimental Hatchery from Labrador and
Norway in 1980 was 10-15% with an additional 10-15% nortality occurr-
ing between alevin and fry stages. Baker (1983) and M Papst (Fisher-
ies and Cceans, Wnnipeg, personal coxmunication) have both reported
that loss of individuals due to cannibalism had occurred, although this
was never directly observed,

Ina first attenpt at the developnent of a brood stock of Arctic
charr, Papst and Hopky (1984) reported anorality of 83%to the eyed
egg stage and 92% to hatching. This high nortality was due primarily
to a lowrate of egg fertilization. Inprovenents in fish husbandry of
charr, better tinmng and co-ordination of maturity within and between
sexes, correct environnental manipulation and the use of hornobnes to

i nduce maturity canbe enployed to significantly reduce egg nortality.
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Increases in survival of eggs at the Rockwood Hatchery have since been

docunmented (M PapSt, personal communication) .

2. 3 FACTORS AFFECTING GROWTH

Many factors, both environmental and genetic affect growh rate
and efficiencyof food utilization of fish. The nost inportant factors
are temperature, food ration and fish size. No one factor operates
i ndependently, rather they conbine to operate synergistically, affect-
ing growh and food conversion efficiency. A rise in tenmperature may
increase growh rate and food ration requirenments, however these
changes will be tenpered sinultaneouslyby changes in fish size. The
process of growh is a conplicate, interactive one dependent upon many
factors.

Each of the major factors which influence growth rates; tenpera-
ture, food ration, fish size and density, will be discussed separately.
First, their general influence, foll owed byan eval uation of their
specific effects on Arctic charr. In addition the paranmeters of water
source and quality, fish health snd genetics wll bediscussedaz they

relate to Arctic charr.

2.3.1 Effect of Tenperature

Tenperature is the nost inmportant environmental factor influencing
the growth and activity of fish. Because fish are cold bloc&d, their
rate of activity is directly deternmined by tenperature.

At low tenperatures all physiological activities including growh,
will also be low. As tenperatures increase growth will increase until
such a point is reached where further increases in tenperature wll not
produce a further increase in growh rate rather, rates of growh will
decline. The point at which growh is highest is called the optinum
growth tenperature.

The optinum growth tenperature, as well as the tenperature range
over which high rates of growth are achieved, differ w dely anbng
sal moni d speci es.

The optinmumtenperature for growh of Arctic charr is between 120
and 13°C (Swift 1964, Wandsvik and Jobling 1982, Uraiwan 1982 and Baker
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1983), relatively lower than for nobst other salmonids. Optimum growt h
tenperatures range from 15-16eC for the Pacific salmon to 170 _ 18°C
for rainbow trout (Brett 1979, Hokanson_et al. 1977). 8wift (1964) was
the first to culture charr over a wide range of tenperatures (4e-
18°C) and found that growth washighest between 12° and 14°C and poor

at40 and 18°C. Wandsvik and Jobling (1982) rearing charr in fresh-
water in Norway at 30, 8,50 and 13°C observed that growth and feed
intake was highest at 130C. Uraiwan (1982) compared the growth rates
of Arctic charr, brook trout and rainbow trout at 4 tenperatures (10,
13, 16, 190C) and found that growth of the Arctic charr was highest
(2. ObodY wei ght/day) at 100 C, exceeding that of both the brook and
rai nbow trout (1.8% day).

I nan extensive study Baker (1983) grew two different strains of
Arctic charr and onestrain of rainbow trout sinultaneously over a wide
range of tenperatures and fish sizes. He found that at |ow tenpera-
tures, growth rates of all strains were low and simlar. Between 100
and 14°C specific growh rates of the Arctic charr strains were at
their highest level, up to 2.0% body weight/day (Fig. 2). Gowh rates
of the rainbow trout however exceeded those of the charr at 140C and
remai ned high at 190C.

At 140C near the optimum growth tenperature, the mean weight of
the charr increased from 10.2g to 1159 in approximately 140 days (Table
2, Fig. 3). To estimate the nunber of days required to produce a 250g
fish it was necessary to extrapolate the data using a sinple growh
model given in Baker (1983). To produce a charr of mean weight 250g an
additional 55 days growth under simlar conditions would be required.

Al though charr have a |lower optinum tenperature for growth than
other salnmonid species, they normally do not have a higher rate of
growth than other salnobnids at this or |ower tenperatures. Arctic
charr do not appear to be better adapted or suited to intensive culture
atl ower tenperatures than other sal nonids. To achi eve the highest
rate of growth possible, culture tenperatures should be maintained as
close to the optimum growth tenperature for charr as possible.

Papst and Hopky (1983) were the first workers to have attenpted to
raise Arctic charr in a commercial production system utilizing waste
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heat and water recirculation. Charr were stocked in 1500 litre tanks
at an initial size of 229 and raised at a mean tenperature of 13.3°C
for 209 days. Mean weights and specific growh rates for the charr
during each growth interval are given in Table 2 and illustrated in
Fig. 3. At day 209 the nean weight of the population had increased to
158g. Using the data provided and a projected average specific growh
rate of 1.0%/day, it is estimated that an additional 45 days would have
been required for the population to achieve a nmean weight of 250g.
Thus, to raise acharr from2g to market size at the optinumgrowh
tenperature, approximately 254 days woul d have been required (Fig. 3).

At the end of day 209 however, only 28% of the popul ation exceeded
200g in weight, with a weight range of 20g to 530g. This considerabl e
variation in growh rate has also been observed by Jobling and Wandsvik
(1983a), Baker (1983), Jobling (1983a and 1983b) and Jobling and
Rei nsnes (1986).

At |lower tenmperatures, the time required to achieve market size
increases greatly. Based upon data provi dedby Wandsvi k and Jobl i ng
(1982) and Baker (1983) it is estimated that at a nean tenperature of
90C, it would take approximately 510 days to growa fish from 2g to
2509, Thus roughly 40-50 additional days of growh are required to
achieve market size for every degree that average culture tenperatures
are bel ow the optimum range.

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

comrerci al production, | feel that this estimate is sonewhat exagger-
at ed. Reduced handling stress, better tenperature control, extended
feeding tines, experience and other factors will reduce the tine

required to produce a market sized product.

Considerable differences in growh rate, as well as the tenpera-
ture range over which high growh is naintained al so exists between
strains of Arctic charr. Baker (1983) found that charr from Labrador
mai ntai ned significantly higher growh rates and food conversion
efficiencies over a w der tenperature range than didcharr which
originated from Norway.

In summary,the optinum tenperature for growh of Arctic charr

appears to be between 120 and 130C, however the rate of growth can vary
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consi derably dependi ng upon genetic differences (the origin of the
particular strain) and environmental differences such as the type of
culture system enployed, culture density, water quality, type of food
and other factors.

2. 3.2 Food Ration

Food ration requirements of fish depend primarilyupon tenperature
and fish size. At low tenperatures, netabolismand growth are | owand
less food is required by the fish to satisfy these demands. As
tenperatures increase, netabolic processes becone nore efficient and
nore energy beconmes available for growth, however nutritional demands
al so increase. Above the optinum growth tenperature, food ration
requirenents 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 optinmum growth tenperature.

2.3.2.1 Food @version Efficiency

Food conversion efficiency, commonly representedas the feed to
gain ratio, is calculated by dividing the total weight of food fedby
the gain in wet weight of fish produced. The snmaller the ratio, the
nore efficient the conversion of food to flesh. Afishwitha
feed:gain ratio of 1.4 will gain 1 g of weight for every 1.4 g of food
fed. Consi derabl e differences in feed:gain ratios exist between
different strains of Arctic charr fed the same diet (Table 3). Gowh
and food conversion efficiency depends not only upon quantity of food,
but also on the conposition of the diet. Baker (1983) found that the
charr fromthe Fraser River in Labrador were nmuch nore efficient
(1.4:1) and had higher growth rates than charr from Sunndal sora, Norway

(2.1:1). Tabachek (1984) has found simlar, considerable differences
between strains as well as substantial differences in conversion
efficiency of charr fed different diets. Feed:gain ratios varied

between 1.4:1 up to 2.4:1 for Sunndal sora charr, depending upon the
diet (Table 3).
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2.3.2.2 Nutritional Requirenent

Ina limted study, Jobling and Wandsvik (1983c) concluded that
the protein requirements of charr were sinmlar to those of trout, and
that a commercial trout food would satisfy the nutritional demands of
charr. Tabachek (1984) however suggests that differences innutri-
tional requirenents, nutritional tolerance to dietary ingredients or
digestibility exists between trout and charr and possibly between
strains of *. Interstrain differences in carbohydrate and protein
requi rements have been previously denonstrated for rainbow trout
(Austreng and Refstie 1979, Refstie and Austreng 1981).

Tabachek (1986) presented Arctic charr with nine different diets
of varying protein: |ipid ratio’s. She found that charr utilized
protein nore efficiently with an increase in dietary lipid, and that
maxi mum wei ght gain and food conversion efficiency occurred at the
highest protein:lipid ratio (54%20% tested. Econonically, food with
a ratio of 44%20% was |ess expensive, producing the |owest feed cost
per unit weight gain, however growth rates were 6.8% | ower. 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 requirenents of charr may not be
optimal |y satisfied by comercial trout food. A higher protein:lipid
ratio may be required.

Selection of a strain of Arctic charr which has denmonstrated a
high feed:gain ration and enploynment of a diet forrmulated to the
specific nutritional requirements of charr is essential to the commer-

cial success of any aquiculture operation.

2.3.2.3 Size Effects

The nutritional demands of fish also change with size. Young,
smaller fish require a relatively greater smount of food as a propor-
tion of their body weight, thsn do larger fish.

Standard feeding tables have been developed to satisfy the
specific demands of sal nonids which dictate the anmount of food required
tobefed to the fish, based on water tenperature and nean wei ght of
fish (Table 4 after Hilton and Slinger 1981). For exanple, at 120C a
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fish having a nean weight 5g should be fed 4.3% of their body
wei ght / day. If the tank contains 10,000 fish, 2.15kg of food should
be given (10,000 x .005g x .043% = 2.15 Kkg).

Feeding tables have been developed primarily to satisfy the nutri-
ional demands of rainbow trout and sal non. 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. Existing tables
should be nodified to suit the specific demandsof Arcticcharr as nore
experience in their culture is gained and adjustments according to
genetic (strain) and environnmental differences are incorporated. A
feeding table developed for charr will inmprove food conversion

efficiency and reduce cost.

2.3.2.4 Feedi ng Frequency

The frequency with which fish are fed also affects growh rate.
Young, swimup fish shouldbe fedup to 20 tinmes per day. This rate is
reducedto 8-10 times per day for fingerlings (<5g), 4-5 tines 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
wast age and increase growh. Hlton and Slinger (1981) recommend that
fish not be overfed so that they namintain 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 growh
rates (Baker 1983). The method of feeding will be discussed in Section
3.3

2.3.3 Effect of Fish Size on Gowth

CGenerally, a fishes growmh rate declines with a progressive
increase in size. The specific growmh rate (gain as a% of its body
wei ght/day; Bertlanffy 1957) of small fish (Ig) can be as highas 5-
6% day at the optinmum growth tenperature, but decline to less than
1% day over 200g.

There is a fairly well established loge |linear relationship

between declining growth rate with increasing loge Size. Thi s

[0 Z]



12

relationship seens to be consistent for a wide variety of salnonids.
Brett ad Shelbourn (1975) have suggested that a slope of -0.41 (+/-
.04) is characteristic of the famly. The form of the equation is as
fol l ows:

loge (specific growth rate) = a- 0.4 (loge Wei ght)

Thus the decline in logewwmvaries directly according to
increases in loge (Weight). The greater the increase in weight, the
nmore reduced the growth rate. The intercept ‘a’ will vary according to
environnent tal differences (i.e. tenperature, ration) and genetic
(strain) differences. The reduction in the amunt of food required
with increased size is incorporated in feeding tables (Table 4).

Several studies have been performed which exani ne the relationship
bet ween size and growth rate on Arctic charr. Jobling (1983a) reared
charr from 18 to 135g over 6 nmonths at 100C and found that the rate of
decline in the specific growh rate of charr with size was -0.325
slightly lower than the rate of -0.41 described by Brett and Shel bourn
(1975). Simlarly, Baker (1983) also found that growh rates of charr
did not decline as rapidly with size as for other salnonids. Thi s may
be significant in that charr may be able to maintain relatively higher
growh rates at larger sizes than other salnonids and thus maybe
better suited for culture to larger sizes.

2.3.4 Vvariation in Size snd Gowh

During experinental growh trials it has been found thata
trenmendous variation in growth rate and size develops {Jobling 1983a
1983b, Baker 1983, Papst and Hopky 1984, Jobling 1985, Jobling and
Rei nsnes 1986) . These size distributions are renarkably similar
despite differences in strains and conditions. They are characterized
by having a nunber of large, fast growi ng individuals, a w de range of
internediate 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 nuch nore uniformin size (Baker 1983, Papst snd Hopky
1983).
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This great size variation represents a serious obstacle to the
commercial success of Arctic charr culture. Mul tiple harvesting
periods to harvest fish as proportions of the popul ation achieve narket
size will increase |abour costs andtheincreas ed handling stress wll
reduce overall growth rates. In addition, if 20-30%f the population
does not achieve market size in a reasonable anpunt of tine, a consid-
erabl e amount of potential, tank space, food, time and noney are |ost.

Reasonsasto why this occurs are conplicated. Jobling and
Wandsvi k (1983a) and Jobling (1985) have observed aggressive behavior
of larger fish towarda snaller 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 ‘Ilarge’
fish have been separated and allowed to grow, no differences in growh
occurred. Larger fish maintained unusually high growth rates while the
smal | fish continued to perform poorly. Thus itappears that social or
hierarchial factors are not the sole basis for the wide variability in
size and growth, buta great deal of the variability can be attributed
to genetic factors.

I n the wild a similar variability in growth rate occurs (Johnson
1980). The mat ure, spawni ng proportion of the Arctic charr popul ation
is represented by individuals frommany year classes. Large, young
fish represent ‘fast’ growers and snall, old fish represent *slow
growers. In this waya single year class can contribute ganetes to the
popul ati on over a period of many years. Thus, the situation observed
in a hatchery environment can largely be attributed to the |arge,
natural variation in size and growth rate which is inherent to wld
popul ati ons.

To overcone orat least minimze this factor, a genetic selection
program nust be established with the ainof reducing the large varia-
tion in gromth. Rainbow trout for exanple, which have been reared in a
hatchery over several generations and are considered to have becone
“donesticated”, no longer dempbnstrate a great diversity in size or
grow h, have a high survival rate and have beconme adaptedto the
hat chery environnent. This is however, a long term solution to the

probl em
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Over the short texm there are several neasures which can be taken.
Refstie and Kittelsen (1976) have shown that territoriality and
aggressi ve behavior of salnonids 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 naybe better suited to culture at higher densities than
ot hersal nobnids. Recently, Baker and Ayles (1987) have denpbnstrated
that in fact charr do perform well at high densities, exhibiting higher
growt h and food conversion efficiency rates than other sal nbnids at
simlar densities. The benefits of exploiting this ability maybe
twofold in that not only will growh rates and yield be increased, but
that variation in size maybe reduced. Culling of “small” fish in the
popul ation will also reduce size variation, the anpunt of food fed and
the tine required for the population to reach harvest size.

It nust be kept in mind that the intensive culture of Arctic charr
is a relatively new technology. Standard rearing methods will have to
be adapted and refined to neet the different and often unique require-

ments of Arctic charr.

2.3.5 Density

The density at which fish are cultured is usually neasured as kg
of fish per cubic netre of water volume (kg/ins ). The optinumdensity
at which a species shouldbe cultured is not necessarily at a |ow
density, where growmh rates are highest. Rather, culture densities
which are “acceptable” depend upon predeternined production goals such
as rapid growth, production of as nuch weight as possible, or high fish
quality. The optinmum culture density wll generally be the density
which provides for a very high yield while maintaining gocd growth
without conmpromising fish health and water quality.

As densities increase from low (5-10 kg/m) to high (>60 kg/ m)
| evel s, npbst sal nonids suffer a progressive decline in growh rate and
food conversion efficiency (Burrows 1964, Fenderson and Carpenter 1971,
Brauhnet al — 1976, Refstie and Kittelsen 1976, Refstie 1977). The

increased density of fish per unit volune causes an increase in the

Onz



15

| evel of interaction between individuals which increases stress,
reduces food conversion efficiency (due to greater conpetition) and
| owers water quality. Each of these factors contribute to a decrease
in production.

Unli ke other salnonids, Arctic charr respond differentlyto high
densities as growth rates increase fromlow to noderately high dens-
ities. Recently, Kolbeinshavn and WAl | ace [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 al so reported unpublished findings by Wallace et_al. (1986,
unpubl i shed) that young charr were not stressedby high densities in
their growth experinents. Baker and Ayles (1987) grew rainbow trout
and Arctic charr in parallel growh trials at initial densities ranging
from 10 kg to 85 kg fish/ins. They found that characteristically,
growt h rates of rainbow trout declined |inearlyas 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 tenperature
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 naturally nore suited
to high densities. In addition, Baker and Ayles (1987) did not observe
any aggressive behavior or attenpts to defend territories at high
densities. Erosion of the pelvic, pectoral andcaudal fins in the
rai nbow trout was severe, particularly at densities exceeding 25 kg/ins ,
The Arctic charr suffered no fin erosion whatsoever, evenat the
hi ghest densities. Thus fish quality and presentability of charr are
high and can be nmintained despite high densities.

The decline in growth of the charr at the highest density tested
(85 kg/m?) in the stud.. by Baker and Ayles (1987) presumably occurs for
the same reasons as for the rainbow trout. Increased crowding, com
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pounded with the effects of |ow oxygen and increased ammonia |evels
will eventually cause a decline in growth and food conversion.

Gowh rates of Arctic charr were 30% hi gher at the optimum
density than at |ow densities and hada yield alnost five times as
great (Baker and Ayles 1987). H gher initial snd final stocking
densities of charr resulted in at least a 20% higher yield than rai nbow
trout cultured at a simlar density. In fact charr have been nain-
tained at densities of up to 150 kg/ins with noapparent ill effects (M
Papst, Freshwater |Institute, personal connnunication). Gowh at high
densities can onlybe achieved if high water quality standards are
mai nt ai ned*

The ability of charr to performwell at densities higher than
traditional levels (>40 kg/ins) represents a tremendous advantageto
fish culturists as higher stocking levels result inanmore efficient

use of avail able tank space and increased yi el d.

2.3.6 Loading Rate

Anot her aspect of production, related to density (kg/ins) is called
"loading" and is expressed in terns of weight of fish (kg) per litre
per minute inflow (kg/litre/min). Optinmum | oadi ngratesvary according
to water quality and culture system (flow through or recirculation),
but range between 0.5 to 1.5 kg/litre/mn (Brauhn et al— 1976). Fish
reared in single use systens can withstand greater |oading |evels.
At high loading levels (>2 kg/litre/mn. ) water quality will be reduced
resulting in increased stress and poor grow h. At low levels (<0.5
kg/litre/min. ) , flowrates (turnover) may be too high, forcing the fish
to expend nore energy swimmng which will reduce the amount of energy
avail able for growh.

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

four times per hour is ideal. A greater turnover rate will not allow
for the settling of solids while lower turnover will result in | ow
density rearing. The relationship between flow rate, |oading 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 Utimtely a

greater vyield.

2.3.7 vater Quality

Water quality standards for aquiculture purposes are very high and
very few natural water supplies neet all the requirenents for
artificial culture (Burrows &Conmbs, 1968). There are nany aspects to
water quality ranging frompH to oxygen, netabolizes, mnerals and
heavy netals. Judicious selection of a clean, well buffered, disease
free water source will provide an environment which will maximze fish
health and production. Ideally, water tenperatures should be close to
the optimumagrowth temperature of the species and should not be subject
to wide fluctuation. It is easier to nonitor and control water quality
and tenperature in a land based aquiculture facilitythanacage
resxing facility. In either case, water quality standards will remain
the sane, although how they are controlled will differ. Daily and
Econonon (1983) present a table of water quality standards for fish
culture as conpiledby theU S. Environnmental Protection Agency Which
has been reproduced in Table 6 to serve as a general guide. Anyone of
a nunber of paraneters below optimm level or the presence ofpollut-
ants or undesirable organisms W || adversely affect growth, food
conversion and survival of fish, thus reducing the econonmic 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 inprove its chenica
and physical characteristics (Westers 1983). This may involve increas-
ing oxygen concentrations, degassing (nitrogen, hydrogen sulfide and
carbon dioxide), renoval of suspended solids and buffering {(pH
control).

Water must be present in sufficient quantity to supply the
necessary anount of oxygen to the fish and to renove waste products, as
wel | as for donmestic purposes, cleaning and fire protection (Daily and
Econonon, 1983). In addition, sufficient water should be available in

the event that expansion of the existing facilities is desired.
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Each of the major water quality paranmeters wll be discussed
separately in the followi ng subsections. A di scussion and conpari son
of water quality data for Jackfish Lake to accepted standards will be
provided in Section 4.2.

2.3.7.1 oxygen
Oxygen concentration is one of the mostinportant water quality
parameters in the culture of fish. Oxygen levels will naturally vary

dependi ng upon the source of the water, tenperature, altitude and

bi ochem cal processes occurring in the water. The oxygendemnd of
fish also varies and is regulated by nmetabolic rate. The hi gher the
rate, the greater the denand. Metabolic rate is influenced by water

velocity, tenperature, growh rate and age (Klontz et al._ 1979).

The anmount of dissolved oxygen in the water (ppm) shoul dbe
maintained at as high a level as possible (at least 90% saturation) and
shoul d never fall below 75% saturation (Daily and Econonobn 1983).
Oxygen |levels below 5.0 ng/1 will result inconsiderable |oss of
growth and increased nortality (Wdeneyer and Wod 1974, Wsters and
Pratt 1977).

Current information suggests that Arctic charr may be nore
resistant to |ower oxygen levels than other sal nonids. Swift (1964)
exposed Arctic charr to water which was only 50% saturated wi th oxygen
and found that growth rate was not significantly lower fromfish raised
in 100% saturated water. In growth experinents conducted on charr by
Baker and Ayles (1987), oxygen concentrations at the highest densities
tested were only 5.2 ppm yet growth rates of the charr still remained
hi gh.

H gh oxygen levels can be maintained through the use of mechanical
aeration devices, providing supplemental oxygen and through proper
managenment of tank conditions (density, flow rate).
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2.3.7.2 Ammi a
Ammia is one of the nmajor metabolic waste products of many

aquatic organi sms, including fish. This nitrogenous waste is produced
as aeonsequence of protein deamination and will vary in quantity
dependi ng upon metabolic rates (Burrows 1964, Smth and WIlianms 1974,
Thurstonet al. 1981). Ammonia occurs in two forns. A nont oxi c,
ionized form(NHst) and a very toxic un-ionized (1J-1s-N) form *‘I"he
ratio of NH4* t0 NHa-N is both tenperature andpH dependent (Trussell
1971). General |y, the percentage of un-ionized armmonia present in the

water increases with tenperature andpH.

Un-ionized anmonia levels in excess of 0.012 ng/1l causes a
thickening of gill lamellae which decreases oxygen uptake, resulting in
depressed growth. Ammonia can be removed from the system by converting
it to nitrate which is non-toxic (NOs-N). This is acconplished in
recirculating systens bynitrifying bacteria, which offers the nost
practical and econom cal means of anmonia renmoval (Burrows and Conbs
1968). During vitrification, armmonia (NHs-N) is first. converted to
nitrite (Noz-N) by N trosococcus and N trosomonus bacteria and subse-
quently by N trobacter, to nitrate (NOs-¥) which is conpletely harm ess
to the fish. The internediate nitrite is also toxic to fish at
concentrations of 0.1 - 0.2 ng/1 and will retard growh and food
conversion, causing death at 0.5 ng/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 tenperature and pressure. Under normal circunstances it is
harn ess, however if the gas becomes supersaturated as a result of air
being forced into the water due to faulty punp lines or seals, it can
be very harnful to fish (Daily and Economon 1983). A review of gas
supersaturation problems has been provided by Weitkanp and Katz (1980).
In nitrogen supersaturated water, gas emboli develop in the fishes’
bl ood vascul ar system which can cause a reduction in growth and food
conversion or even death.
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2.3.7.4 pH

The optimum pH | evel for rearing salmonids is between 7.5 and 8.0
(Klontz_et al. 1979). Water with a pH below 6.5 is too acidic and will
increase the susceptibilityof fish to both infectious andnoninfec-
tious diseases. Slightly acidic waters also have increased dissolved
carbon dioxide, mneral and organic acids which will reduce the
buffering capacity of the water (Klontz et _al. 1979).

2.3.7.5 Alkalinity or Hardness

The minimm acceptable alkalinity (as CaCOs) is 20 ng/1l with a
maximm of 200 ny/1 (Daily and Econonon 1983, Klontz et al. 1979).
Calciumis required for netabolism which is nostly satisfied by the
diet, but in addition nmust be present in the water to aid in respira-
tory and osmoregulatory activities. CaCO; s also effective in
buffering the effects of contami nating substances. Hard water is nore
productive, which would benefit a cage culture operation in that

natural food sources may be nore abundant.

2.3.7.6 Heavy Metals

There are many heavy metal s which can have del eterious effects on
fish health and condition, growh and feed conversion even at very |ow
| evel s. The concentration at which different heavy netals adversely
affect fish also vary (Table 6). Cadmum arsenic, copper, iron and

manganese are all particularly detrimental to fish culture.

2.3.7.7 Organic and Chenical Contaminants

The potential contanination of the water supply as a result of
industrial, agricultural or municipal activities is a genuine threat.
This can occur as a result of an accidental spill, long-term |owlevel
input into the drainage systemor, as has recently been di scovered, via
| ong range transport in the atnosphere. Mst contanminants such as
pesticides, PCB s and organochlorides are slow to break down and can
remain in the environment for a very long time. These compounds may be
al nost undetectable in the water, but over tine becone deposited and

concentrated in the tissues of the fish.
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The proximty of the municipal dunmp and a large gold mning
operation to Jackfish Lake represent a potential water quality hazard.
Leeching of chemcals, PCB'’s and heavy netals such as arsenic through
the ground water would introduce these conpounds to the |ake water, arid
ultimately to the resident fish population. Inadilition, the presence
of the NCPC el ectrical generating station on the north-east shore of
the lake also represents a potential threat to water quality. The
continuous |ow level input of hydro carbons and petrol eum by-products

and the risk of a large spill does exist. These factors nust be
consi dered when determining the |ocation and type of aquiculture
facility to be constructed. A program to evaluate and nonitor the

resident fish population for the presence of organic or chemical
toxicants was instituted in February 1987 and shoul dbe continued for
at | east oneyear.

Prelimnary results of heavy metal analysis of water sanples from
Jackfish Lake and a scan for organic contamnants from muscle tissue of
fish captured on February 26 will be presented in Sections 4.2.2 and
4.5 respectively,

2.3.8 Water Source

The availability of a sufficiently large volunme of high quality
water is the nost inportant factor determning 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 nmininmze the limtations or constraints
i mposedby the water sourceas well as optimze the qualities avail-
abl e.

Surface Water sources, such as from Jackfish Lake, are usually
undesirable as a prinary water source. Water tenperature, dissolved
oxygen, suspended solids, pH ninerals and other paraneters can
fluctuate dramatically both vertically and seasonally. Being exposed,
surface water is also vulnerable to pollution or contanination.

Ideally, the water source for a fish culture operation should also be
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free of resident fish which would elinmnate the possibility of disease

transm ssi on.

2.3.9 Fish Health

Arctic charr are susceptible to a variety of diseases which
coxmonl yaffect both wild and hatchery reared salmonids. Common
di seases include bacterial kidney disease (MD), infectious pancreatic
necrosis virus (mw), furunculosis, abacterial disease of the skin
andwhi rling 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 inposed upon hatchery fish increases both susceptibility
to disease and the ease of transmission.  Fish Wich becone infected
with a disease such as IPNV and survive, becone life long carriers of
the disease able to pass it on to other groups of fish or through the
egg to subsequent generations (H Il 1977, Hnath 1983).

The nost effective and only sure means of control of |PNvand
other diseases is avoidance. This requires the incubation of disease
free eggs and the propagation of disease free stock in anuncontam n-
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 fromsix sites in four river drainages in the
Mackenzie River basin were collected and assayed for PNV by Souter et
al. (1986).  They found that the virus was present in fish fromall
locations with a frequencyof infection of at |east 44% Thus it
appears that the Mackenzie River drainage and Yukon and Alaska north
slope rivers are not a suitable source of Arctic charr. PNV has also
subsequent|y been identified in charr from several other areas in the
western Arctic as well as BKD in charr fromthe eastern Arctic (B.
Souter, Fisheries and Cceans, \Western Region, personal communication).

The Departnent of Fisheries and Oceans, Wstern Region, Rockwood
Experimental Fish Hatchery is the only North Anerican facility main-
taining several stocks of Arctic charr. In 1978 charr from Nauyuk Lake
on Kent Peninsula, N.W.T.and in 1980 and 1981 charr fromthe Fraser

River in Labrador were inported to the hatchery. Arcticcharreggs
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were also received from Norway in 1980. Each of the stocks were
certified as bei ng di sease free, however t heir 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 devel oped. Several inportant elements of disease prevention
include the reliable detection of disease carriers, know edge of how
pat hogens are transmitted, developnent of effective methods to linit
the entry of pathogens or carriers into clean fish cultural facilities
and to avoid environmental conditions which might allow a disease to
becone established (Giffiths and Warren 1983).

The nost inmportant facet of disease prevention is to restrict
inportation 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 elimnated.

Mai ntaining a high level of fish health such that fish are not
stressed by poor environnental 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 salnonids in
this regard. Immunization, water treatnment techniques and attenpts to
“breed in" genetic resistance to disease in salnonids are new areas of
technology and are still in the devel opmental stage (Warren 1983).

Their specific application to Arctic charr is unknown.

2.3.10 Genetics

Arctic charr are genetically, still considered to be in their wild
orundonesti cated state. Virtually no selective breeding of charr to
improve comercially inportant traits has been performed to date. Most
experinental work wth Arctic charr has been performed on wild stocks
whi ch have been brought into a hatchery either as eggs or fry (Swift
1964, Wandsvi k and Jobling 1982, Papst and Hopky 1983, Jobling and
Rei nsnes 1986). The exploitation of genetic differences between

popul ations or sStrains, selective breedi ng, crossbreeding and inbreed-
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ingareal | inportant techniques as neans of inproving comercially
important traits.

Large and rapid gains in production traits can be made through
sel ective breeding as large phenotypic variation, high fertility and
moderately short generation interval allow for very intense selection
(Gedrem 1975b). The degree to which such characteristics as survival
fecundity, egg size and growth rate are heritable, are also very high.
Through sel ective breeding one can expect substantial, rapid inprove-
ments in growh, food conversion efficiency, fecundity, flesh quality,
di sease resistance, and maternal or egg related qualities.

Hybridi zation within and between sal nonid genera has al so been
employed in order to attenpt to inprove production characters
Chevassus (1979) gives an extensive review of the success achieved thus
far with interspecific hybridization. Refstie and Gedrem (1975) also
crossed several species of salmonids and found that inmst cases the
hybrids involving Arctic charr had higher growth rates but |ower
hat ching success than the other hybrids or pure strains

One of the nost inportant factors when initiating a comercial
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 wll
offer imediate benefits to the fish culturist wthout generations of
sel ective breeding. Large variations in growh rates, food conversion
efficiencies, survival and other paraneters 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 requirenent was at |east 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 however remains of the highest inportance and
every effort should be nmde to evaluate at |east two geographically

di stinct strains.
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3.0 FEED TYPE EVALUATION

Fish have specific protein, lipid (fat), and vitanin and nineral
requi rements which nustbe satisfied by the diet in order to maintain
good health. \Wen basic mmintenance nutritional demands are satisfied,
the extra energy consumed becones available for growth.

Different diets vary both in conposition and in quality and
quantity of ingredients. The specific nutritional requirements of each
sal noni d species have not been determined and nany different diets have
been manufacturedto satisfy the general requirenents of sal non or
trout. It is therefore inmportant to choose a diet which will provide
for the maxinum 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 salnmon diets were suitable, depending upon the strain of
charr being tested. (See Section 2.3.2) For exanple, Martin Feed
MIls trout feed proved to be an excellent food source for Arctic charr
from Labrador, but was inadequate for charr from Norway. Therefore it
is recommrended that initially, at least two different diets be
eval uat ed. Nutritional deficiencies becone manifest as increased
feed:gain ratio, poor growh, increased nortality and other synptons.
A list of the synptons displayedby sal nonids, which occur as a result
of nutritional deficiencies are presented in Table 7 (after Hlton and
Slinger 1981).

The cost of feed accounts for between 30% and 50% of total
production cost. It is therefore inportant to provide a feed that not
only satisfies nutritional requirenents, but is also economcal. The
follow ng sections will briefly discuss the general nutritional
requirenments of Arctic charr and feed types available, followedby an
evaluation of the econom c benefits and technical feasibility of
providing a food source manufactured locally, versus a conmercially

manuf actured trout food.
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3.1 GENERAL NUTRI TI ONAL REQUIREMENTS

The four major nutritional groups which are represented in all
manuf actured diets are protein, |lipid, carbohydrate and vitamn and
m neral supplements. The proportion of each itemin the diet varies
according to the manufacturer, but also according to the size of the
fish for which the feed is designed. Oder fish which grow relatively
slower, have a lower protein and lipid requirement thando small, fast
growi ng fish. Requi rements of each of the major nutritional groups

will be discussed separately.

3.1.1 Protein

Protein conprises the najority of the diet (40 - 50% and is the
single nmpbst expensive ingredient (Hilton and Slinger 1981). Fish
require at |east twelve essential anmino acids, the building blocks of
proteins. Unfortunately, vegetable proteins which are npbst econom cal
source, do not provide all of these amno acids so it is necessary to
include aninmal protein, particularly fish meal, in the diet. Alterna-
tive protein sources include animal by-products such as poultry by-
product neal, blood and neat meal, including various vegetable meals
such as soybean or corn gluten.

Diets which are relatively higher in animl protein sources are
generally nore palatable to the fish and contain |ess carbohydrate, for
whi ch salnonids have a relatively |low tolerance. The availability of
an inexpensive protein source, such as rough fish fromthe Geat Sl ave
Lake fishery has the potential to provide a |arge proportion of the
protein requirenent in a manufactured diet. However, rough fish and
fish silage nust still be supplenented with a high quality fish neal

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

3.1.2 Lipid

Li pidor fat provides tw ce the energy pér unit wei ght than
protein. It is also inportant in cell menbrane function and formation
(Hilton and Slinger 1981). There are a variety of different types of

fatty acids which are required by fish. They differ from one another
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dependi ng upon their degree of saturation and position of double bonds
bet ween carbon atons.

8alnonid diets nornally contain between 15 - 20% fat, which is
supplied in the formof 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 rati o between protein and lipid also seens to be inportant for

Arcticcharr. In a study by Tabachek (1986) Arctic charr perforned
better at higher protein:lipid ratios (44-54% 15-20% than normally
employed in salnonid diets (35% protein:10% lipid). It is believed

that the higher anount of fat present is wutilizedas an energy source
before protein is, leaving nore protein available for growth (Reinitz
and Hitzel 1980, Clarke et al. 1982).
3.1.3 Carbohydrate

Car bohydrates do not naturally occur in the diet of wild Arctic
charr and the requirenment for carbohydrates are subsequently |ow
Econonmically, it wouldbe desirable to use cereal grains as an energy
(carboh@ate) source, but due to the low tolerance salnmonids have to
carbohydrates, it normally does not conprise nore than O%to 10% of the
diet.

3.1.4 Vitanmins and Mnerals

There is a wide range of vitamns 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 vitamns and
mnerals are mxed (premxes) and conbined with the remaining dietary
ingredients represent between one and two percent of the diet.

Vitamin and mineral prem xes are essential ingredients in both
conmercially manufactured diets as well as diets manufactured prinmarily
fromfish or fish by-products. These premi xes canbenmanufactured in
bulk quantities by commercial feed conpanies according to supplied
specifications.
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3.2 FEED TYPES

There are three basic feed types. Wt, noist and dry feeds. The
essential difference between the different types of feed is their
moi sture content. The uses, advantages and disadvantages of utilizirig
wet, moist or dry feeds will be discussed in the follow ng sections

3.2.1 Wt Feed

Wt feed consists sinply of ground whole fish, fish parts or other
ground neat. Vitami n and mineral supplements may be added, as well as
bi nding agents (i.e. wheat middlings) to make the food “stick”
t oget her. Wet food contains approximtely 80% noisture, 8 - 10%
protein and 5 - 7% fat, depending upon ingredients. Wet feed is

converted very inefficiently because of its high water content. Feed
gain ratios of fish fed wet feed range from5:1 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 pal atabl e and canbe econonical, however it has
many disadvantages. Preparation of wet feed requires special mnachinery
and is very labor intensive as four tines the anount of wet feed nust
be fed as dry feed. The ingredients are also highly perishable and
nmust be received fresh everyday or frozen. Wt feed also breaks down
very qui ckly and tends to pollute the water and is therefore not

recommendedf oruse intanks or raceways.

3.2.2 Mist Feed

Moi st feeds are manufactured with a conbination of wetfish or
fish by-products and dry ingredients. Dry ingredients include fish
meal and oil, vegetable neals, binders, mmnerals and vitam ns. Raw
fish are mnced and conbined with the dry ingredients, mxed and
extruded to form noist pellets.

Moi st feed has a water content of only 20 - 25%nd is converted
much nore efficiently than wet food with a feed:gain ratio of 2:1. It
is very pal atable and canbe easily nmanufactured on site on a daily or
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weekly basis as required. Refrigeration or freezing of noist feed and
wet ingredients is necessary.
Capital costs of equipnent required to manufacture noist feed

will be discussed in Section 3p5.

3.2.3 Dry Feed

Dry feed is nmanufactured froma mxture of fish meal, fish oil,
poul try and blood neal, vegetable neals (soybean, corn), wheat
m ddl i ngs, choline chloride snd mineral and vitanmin prem xes.
Manufacture of dry feeds require |large, expensive equi pnent such as an
i ndustrial blender, a hammer mll for grinding, a roller mll for
crumbling, an extruder, pelletizer and drier. Total cost for this
equi pnent 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 nost aquiculture operations to nmanufacture their
own dry feeds.

There are many commercially manufactured dry feeds avail able, The
maj or suppliers of trout and salnmn feeds are listed bel ow
Martin Food MIIls Trout Feed, Elmra, Ontario
Abernathy Salrmon Diet, Buhl, Idaho
Ranger Foods Inc., Buhl, Idaho
Zeigler Bros. Inc., Gardners, P. A
Purina Trout Chow, St. Louis, Mss.
Sterling Silver Cup Trout Feed, Murray, Utah.

More feeds manufactured in Canada shoul d becone avail able with the
increase in the nunber of salnon farns on the east and west coasts.

Conposition of the diet varies according to both the nmanufacturer
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. \Vhile fish fed synthetic carotenoids can be marketed
in Canada, their export to the U S is forbidden. Choice of a dry feed
shoul dbe based upon performance of your fish on that feed. Arctic
charr have a higher protein to fat ratio requirenment, therefore choice
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of a dry feed for i nitial 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 10% noisture so the food ingested contains nuch
hi gher 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 conmercially manufactured dry feed

3.3 TYPES OFFENDERS

Fi shcanbef ed either by hand, by mechanical, automatic feeders
or by demand feeders. Feeding fish by hand allows close nonitoring of
the fish so that over or underfeeding is avoided. Changes in fish
feedi ng behaviour, often indicative of a problem (disease or |ow water
quality), are also easily recognizedby hatchery personnel. Feeding
large quantities of fish by hand however requires a great deal of tine
and effort and may not be econonmical. Fish fed wet feeds nust be fed
by hand due to the volune 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
autonmatic feeders avail able. Food can be broadcast from trays
suspended over raceways, from “cannon |ike” feeders using conpressed
air to disperse feed or from hoppers suspended over a spinning disk.
If the automatic feeder broadcasts food uniformy over the tank it can
be very effective in delivering the daily quota of food with a m nimum
of labour and cost. Automatic feeders are commonly enployed in raceway
or cage culture facilities.

Demand feeders, as is inplied, allow the fish to feed upon denand
By stinmulating a pendulum suspended within the tank a small volume of
food is released. The nore the fish stimulate the pendulum, the nore
food is delivered. Denmand feeders require no power, can reduce |abour
and mai ntenance costs and ensure that fish receive food only when they
are hungry which subsequently increases feed gain:ratios.
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3. 4 EVALUATION OF COMMERCIALLY MANUFACTURED FEEDS

3.4.1 Source

There are numerous sources Of connnercially manufactured fish feeds
andan abbreviated list is provided in Section 3.2.3. One of the mgjor
Canadi an producers of high quality fish feed is Martin Feed MIIs,
Elmra, Ontario. Martin Feeds has been chosen tobe evaluated because
it is a reputable Canadian conpany which produces a satisfactory feed
for Arctic charr (Tabachek 1984, 1986).

3.4.2 Cost and Volume

As discussed in Section 3.2.3, there are several types of feed
avail abl e. Prices vary according to pellet size and fornul ation,
whet her 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 Mean Cost Estimated Total Esti mat ed

per 25 kg Vol une (kg) Total Cost
15% Starter $19. 75 7,313 $5,777.00
85% G ower $15. 35 41, 438 $25, 443.00
Tot al 48, 751 $31, 220. 00
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At |ower or higher feed:gain ratios, annual feed costs will be reduced
or increased accordingly as illustrated bel ow.

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 MIIs 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., Wnnipeg, was al so contacted toprovide an
estimate for the cost of shipping a years supply of feed to

Yel lowknife. Prices quoted are as follows:

Quel ph to Edronton $7, 200
Ednmonton to Yell owknife - $5.100
Total Cost $12, 300

Therefore, the nmininum total cost, including transportation for
one year’s supplyof commercially manufactured dry feed delivered to
Yel | owknife is $43,601 (assunming a feed:gain ratio of 1.5:1).

3.4.3 Availability

Commercially manufactured dry feeds are readily available in large
quantities year round. Mai ntaining sound records and all ow ng
sufficient time for nmanufacture 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 Requirenents

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 |oss of vitamns. It is
important that dry feeds do not beconme danp or wet which would result
in loss of nutrients and noul dy feed.

It is recommetied that dry feeds be used within six nonths to
ensure maxi mum quality. Their shelf life can be extendedw th

refrigeration or freezing.

3.5 EVALUATION OF LOCALLY MANUFACTURED FEED

Manuf acturing a noist or wet feed fromraw ingredients requires
speci al i zed equipment such as grinders, mxers and extruders, |arge
efrigeration or freezer capability, and experienced personnel, high
quality supplenental ingredients and above all, a reliable source of
fresh or frozen fish on a year round basis.

A noi st feed for swmup and small (<12 g) fish cannot be
econonical ly manufactured on site. Specialized, expensive equipnment is
required to manufacture the small, high quality, discrete granule’s
required for young fish. A conmmercially manufactured starter feed
woul d still have to be inported for fish of < 12 g.

The follow ng sections evaluate the technical and econom c aspects
of each of the above requirements, followed by an overall evaluation of
the feasibility of manufacturing a noist feed locally.

3.5.1 Diet Formulation

To manufacture a noist feed requires fresh fish and a variety of
suppl enental ingredients which nmust be included to give the proper
nutritional balance and consistency to the feed. As discussed in
Section 3.2.2 a noist feed is recommended over a wet feed because of
its high palatability, its nutritional quality and |ow noisture
content.

The specific diet fornulation of a noist 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 fornulation as
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provided by Dr. C. Frantisi (Connor’'s Bros. Ltd. , Black’'s Harbour,
N. B.) whohas experience in manufacturing noist feed for Atlantic
saJnon and nore recently Arctic charr, is as follows:
45% raw fresh or frozen fish (whole or parts)
35% fish meal (herring or capelin)
6% fish oil (herring)
0. 4% choline chloride
12-13% bi nder (wheat mi ddlings)
1-2% vitanmin and nineral premx
The fresh or frozen fish recommended for use is |ake cisco or
tulibee, which is an abundant trash fish of the Geat Slave Lake
fishery. The remaining ingredients are available in bulk from nost
commercial animal feed manufacturers. If specific quantities of all
ingredients, other than the fish are provided to the feed conpany, it
can benixed and bagged in Wnnipeg or Ednonton and shipped to
Yel lowknife. This mixture '55% of the total weight) can thenbe
conbined with the raw fish as required to obtain the correct dietary

fornul ati on.

3.5.2 Equi pnment Requirenents and Cost

The equipnment required for manufacturing a noist feed can be
satisfactorily supplied by manufacturers of industrial food processing
equi pnent such as the Hobart Manufacturing Co. Ltd. in Don MIIs,
Ontario. The manufacturing process requires that the raw fish be
ground into small pieces, mxed with the supplenmentary ingredients and
extruded t hrough dies of varying diameter to produce different sized
feeds of a hanburger like consistency.

Approximately 165 kg of feed would be required Per 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 m® volume is reconmmended for feed storage.

Additionally, the fish nust also be pasteurized before mxing with
the dry ingredients. This is done for two reasons. Usi ng 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 enzyne called thianm nase. Thi am nase breaks down the
vitamn thianmine in the feed which causes a thiamne deficiency in the
fish resulting in convul sions and neuritis.

Total costs for the required equi pnent as supplied 'by Hobart i sas

fol | ows:
5 hp 4146 Meat Ginder $5, 223
V-1401 M xer (including
bow and beater) 521, 496
4246HD Extruder 59, 105
TOTAL $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 of Feed Ingredients

Suppl ementaral dry ingredients are available in bulk year round
and their supply is guaranteed. Aas the supply of trash fish is
expected to be sporatic it is recommended that |arge volumes of fish be
purchased when available and frozen to ensure that a shortage does not

occur.

3.5.4 Annual Cost of Mnufacturing Feed

Based upon an annual production of 32,500 kg of Arctic charr and
assunming a feed:gain ratio of 2:1, 65 000 kg of noist feed would have
to be Manuf act ured. Approximately 7,313 kg of this total requirenment
woul d have to be fulfilled by a comercially manufactured starter feed.
At a nean cost of $0.79/kg, this represents a cost of $5,777, plus

transport. O the remaining volune (37,700 kg), 45% of this (25,965
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kg) IS conprised of raw fish and 55% (31, 735 kg) of supplenmentary

i ngredients.

Feed -Rite MIIls, Wnnipeg was contacted t provide a cost

estimate of supplying the required supplenentary ingredients in bilk

quantities, prem xed and bagged. Following is a cost brealidownby

ingredient as quoted by Feed - Rite MIIs:

Tot al
$/ kg Vol une (kq) cost

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

6% Fish O | 1.68 3, 462 $5, 816

12%Mheat M ddli ngs 0.27 6,924 $1, 869
2% Choline, Vitanmn

and M neral Prenix 0.93 1,154 $1.073

TOTAL 31,735 $25, 692

To supplenent the dry ingredients raw, tras
purchased regularly. According to M. D. Stewart,

Fishermen’s Federation in Hay River, NWT., fish and

h fish nmust be
Presi dent of the

fish offal would

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

noncontractual basis. On a contract basis this cost would be consider-

ably higher. For a required estimated volune of 25,965 kg fish per

annum the total cost of the raw, trash fish is $6,491.
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Therefore, the total estimated cost of nmanufacturing anoist feed

in Yellowknife is $43,060 and is broken down as follows:

cost of Raw Fi sh $6, 491
Cost of Supplementary Ingredients $25, 692
cost of Commercial Starter Feed $5, 777
Transportation Cost of Dry

Ingredi ents from Ednont on $5,100
TOTAL COST $43, 060

3.5.5 Storage and Handling Requirenents

The dry supplenentary ingredients are treated with an anti oxi dant
anddo not require freezing. The raw fish silage nust either be used
imediately or frozen. The final manufactured pellet canbe refriger-
ated for several days or covered and frozen for subsequent use. A
m ni mum of one to two weeks supply of feed should be kept on hand in

the event of a shortage of raw fish.

3.6 COST COMPARISON BETWEEN MANUFACI ' URED AND COMMERCIAL FEEDs
The total cost of inporting a comercially manufacture feed,
including transportation is $43,601. per year. Total cost including

purchase and transport of all ingredients of a locally manufactured

feed is approxi mtely $43, 060.

Note that capital costs for equi pment

purchase and |abour are not

i ncl uded.

Based on the absence of a cost difference (other than capitol and
| abour) between the feed types, conbined w th the higher palatability
and performance of fish on a nmoist feed, it is recommended that a
| ocal | y manufactured 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 Geat Slave Lake fishermen with a limted

mar ket for their trash fish.
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4.0 PHYSICAL SUITABILITY OF JACKFISH LAKE

Jackfish Lake is located 1 km northwest fromthe city of Yellowkn-
ife in an area of low rocky hills which are sparsely covered with black
spruce, poplar and birch (Roberge and G ||l nman 1986). The |ake has a
surface area of approximately 60 ha with a nean depth of 6m  Like nost
Precanbrian shield lakes it is relatively unproductive.

The following sections will assess the |imological and biol ogical
suitability of Jackfish Lake to support an intensive culture facility

for Arctic charr.
4.1 LIMNOLOGICAL ASSESSMENT

4.1.1 Seasonal Tenperature Regimnme

The followi ng evaluation is based upon information collected from
Jackfish Lake during 1980-1981 by Roberge and G || man (1986).

Jackfish Lake is a dimctic lake which circulates freely from top
to bottom during the spring and fall and is directly stratified in the
sumrer and inversely during the winter.

In the spring of 1980, shortly after break-up the |ake circulated
freely and water tenperatures rose uniformy throughout the |ake (Fig.
4a). Bymid-May the |ake began to stratify with surface waters (1100
becom ng warner than bottom waters (9°C). This warming continued
rapidly through the spring and early summer until surface waters were
upto 60 - 7°C warmer than bottom waters.

During the summer, surface water tenperature reached ama. xi mum of
19°C and the lake became stratified to a depth of 6m Bott om wat er
t enper at ur es ranged between 100C and 16°C on 13 May and 22 August
respectively.

By the end of August water tenperatures had begun to decline and
wind action had mixed the lake to a uniform tenperature of 160C to
within 1 mof the bottom Rapid cooling and conplete m xing continued
to occur and by the end of Septenber the lake was a uniform 80C (Fig.
4a). This uniform cooling continued until the md to end of October
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when freeze wup occurred. During the winter, water tenperatures ranged
fromOOC to 3.00C at the bottom (Fig. 4b)

During the present wnter survey (February 1987) water tenperature
ranged from 0°C at the ice - water interface to 2.00C at the bottom
(Fig. 4c). Differences in tenperatures 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 min depth.

4,1.1.1 Effects of Water Tenperature on Cage Cul ture

Fish cultured in cages in Jackfish Lake would occupy space in
approxi mately the upper 5 m of water. Between the end of May and early
Septenber (Fig. 4a), the upper 5m of water exceeded 150C and was
generally in excess of the optimum growh tenperature for Arctic charr.
At 180C growmh rates would be reduced by 50% from what coul dbe
achieved at 13oC and the feed:gain ratio would double. The problem
during nost of the summer therefore lies not in heating the water, but
in cooling it. Cool er water fromthe bottom 1-2 m would have to be
brought to the surface through the use of nechanical aeration devices.
Rising air will “drag” water with it to the surface, reoxygenating it
at the sanme tinme. However, the bottomwater is virtually depleted of
oxygen (Fig. 4a) and contains a high concentration of hydrogen sulfide
(H2S) which is toxic to fish. It is not known if nmixing with an
aeration system would overcone these problens.

In winter the water in the vicinityof the cage culture operation
woul d have to receive the maxi num degree of heat output fromthe NCPC
el ectrical generating station and be circulated continuously with an
aeration systemto prevent freezing. |f freezing can be avoided, water
temperature would remain very |low (10-40C) because recirculation wll
keep the water in continuous contact with very cold air. At these
temperatures, Arctic charr will not feed and will suffer a net |oss of
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4,1.1.2 Effect of Water Temperature On Tank Cul ture

Arctic charr raised in tanks or raceways in a hatchery exist in a
nore controlled environment and are not subject to the seasonal and
vertical fluctuations in tenperature to which cage reared fish are
exposed.

During the winter, tanks can be supplied with the proper nix of
warm water effluent fromthe generating station and cold | ake water,
such that growth and food conversion rates can be maintained at their
hi ghest |evels.

In the sumer, water from Jackfish lake is warm enough so that
waste heat from the generating station is not required. To control
tenperatures, the hatchery’'s water intake valve should be adjusted
vertically in the water colum in order that water nearest the optinum
grow h temperature can be obtained. In this way lake water tenpera-
tures which fluctuate dramatically both vertically and seasonally are
buffered and their effect on growth ameliorated.

However, because sunmer water tenperatures in the lake are high, a
simlar problem is faced here as during cage culture in the sunmer.
Met hods to reduce tenperatures and sul phur di oxide | evels woul d have to

be investigated.

4.1.2 Seasonal OxygenRegi e

The annual fluctuation in the distribution and abundance of oxygen
in the water colum follows that of tenperature quite closely. Duri ng
the spring and fall, the entire water colum is circulated and comes in
contact with the surface and i s oxygenated to near saturation.

During the sumer as the lake stratifies, the epilimmion (the
warm surface water) becomes cut off from the hypolimion (the cooler,
bottom wat er)  Oxygen concentrations in the circulating epilimion
remain relatively high while the hypolimion becones anoxic with an
oxygen concentration near zero ng/l (Fig. 4a). Because the volubility
of oxygen in the water also depends upon tenperature, |ess oxygen is
dissolved in the warm epilimion, only 6-8 ng/1l. This approaches the
| oner imtof 5 mg/l 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 |ake occurs as a result of a very
| ow | evel of photosynthesis. The continued respiration of aquatic
animal s and deconposition of organic material depletes nuch of the
avai | abl e oxygen, particularly in the bottom!|-2m (Fig. 4b). Should
oxygen | evel s become | ow enough, nortality of fish can result.

4.1.2.1 Effects of C xygenon Cage Culture

During the spring, summer and fall, oxygen concentrations in the
epi l i mion ranged between 7 and 9 ng/1 which is marginal for cage
culture purposes. G ven the increased oxygen demand by fish stocked at
relatively high densities ina small area and netabolizing at a high
rate, there is a risk of reducing oxygen concentrations to the thres-
hold limt. To prevent oxygen depletion of the water, especially
during the sunmer, an aeration system would be required to oxygenate
the entire water colum.

During the winter, oxygen concentrations under the ice ranged from
2 to 14 ng/1 with a nean concentration of 10 ng/l1. If an area of open
wat er coul dbe mmintained and circul ated, sufficient oxygen mght be
present, however the presence of hydrogen sul fide may pose a hazard.

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

they would be easily destroyed.

4.1.2.2 Effects of Oxygen on Tank Culture

I ncom ng warm water gained fromthe electrical generating Station
will be very low in oxygen content due to the [ow volubility of oxygen
in water at high tenperatures (a maximmof 7.0 ng/1l at 350C). There-
fore all incomng water derived fromthe NCFC station and from the |ake
Must be oxygenated i N order to satisfy the high oxygen denmandoffish
reared under intensive aquiculture conditions. This shoul dbe per-
formed regardless of season as the process of oxygenation will also
rel ease gases which are harnful to fish, such as nitrogen (N2) and
hydrogen sulfide (HzS), into the air. This procedure is very sinple,

efficient and inexpensive.
A greater degree of control can therefore pe achieved in naintain-
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ing hi gh oxygen concentrations in a |and based operation than a cage
culture facility.

4.2 WATER CHEMISTRY

Lake water sanples were collected fromthe surface and fromw thin
1 mof the bottomat each of the five sanpling |ocations on Jackfish
Lake during February 26, 1987 (Fig. 1), These were anal yzed for
essential ions, dissolved solids, pH and ammnia |evels (Table 10). In
addition, the water was analyzed for the presence of dissolved heavy
metal s (Table 11). These are conpared wth data collected from
Jackfish Lake by the Departnent of Fisheries and Cceans during 1977-78
(Table 12) and conpared to acceptable maximum limts of water as
established by the U S. Environnental Protection Agency (1979-80)(Table
6) .

4.2.1 Evaluation of Dissolved Mnerals andpH

Al essential ions and dissolved mnerals examined from water
col lected from Jackfish Lake in 1977-78 (Table 11) and in 1987 (Table
9) fell within US. EPA (1978-79) water quality standards with the
exception of calcium levels which were slightly [ower than recomended
(Tabl e 6).

Equillibrated pH | €vel s however were extremely high. Before the
sanples had equilibrated in the lab (by allowing CO. t O escape), pH
| evel s averaged 7.5, normal for nost |akes (\Wetzel 1975).  During
equilibration, levels rose and stabilizedat apH of 10.2-10.3. At
these very high levels, the concentration of unionized amonia NH-N)
exceeds lethal limts to fish. Reasons for the nigh equilibrated pH
| evel s are not known and no explanation can be offerred for these
results (M. M Stainton, Department of Fisheries and Cceans, winnipeg,
Water Chemistry Section). It is strongly recommended that further
water chemstry analysis, particularly on pH and ion bal ance be
per for med.
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4.2.2 Heavy Metals Analysis

Cenerally, levels of the heavy netals iron, |ead, copper and
magnesi um from water collected in February 1987 (Table 11) fell wthin
acceptable starhrds (Table 6). Zinc levels were slightly in excess of
maxi mum acceptable linmits both during the present survey and during the
1977-78 surveyas were |evels of nickel, copper and nagnesium (Tabl es
11 and 12)0 The | evel s observed are not significantly i n excess of
recommended | imts and would not be expected to represent a threat to
fish health. Concentrations of heavy netals fromwater sanples taken
fromnear the bottom are generally higher than from surface water
sanples which indicate that the sedinments act as a trap for heavy
netal s. Sedi ment sanpl es woul dbe expected to have considerably higher
concentrations of heavy netals (Wagemann et al. 1978).

High levels of arsenic in lakes fromthe Yellowknife area have
been previously docunmented (Wallace and Hardin 1975, Wagetmaain
1978) .

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

mning operations of which there are several in the vicinityof

Yel | owkni f e. .4rsenic is very soluble in water, and becomes abundant in
the local atnosphere as a gas, in rainwater and associated with dust
particles. During 1975 arsenic |levels were nmeasured in aquatic

invertebrates, sedinents, nacrophytes and water from | akes near
Yel | owkni fe by Wagemann et al_ (1978). Aquatic arsenic concentrations
as high as 5.5 ng/1 were found in Kam 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 Wwth tine, |ocation
and speci es.

Level s as high as these were not observed from water sanples
collected during the present study (0.1 ng/1) or during the 1977-78
survey (0.14 ng/1l), however they still significantly exceed U S. EPA
acceptable linmts (0.05 mg/l) (Tables 11 and 12). Very little is known
about the sub-lethal toxicity limt of arsenic to aquatic organisns.
It is also not known if exposure to chronic levels of arsenic such as
those presently found in Jackfish Lake are harnful to fish, nor is the
rel ationship between arsenic and the age and size of fish lknown.
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Despite very high levels of arsenic in the water and in the
her bi vores, arsenic does not seem to beconme concentrated in carnivorous
or gani sms. Unli ke othertrace metals such as mercury, there is no
evi dence of bioaccurmulation through the food chain to higher trophic
levels, for exanple by invertebrates and fish. However, as intensively
cultured fish would not be consumng a natural food source, this mght
limt the amount of arsenic incorporated in the tissue.

Wal l ace and Hardin (1975) exam ned whitefish and northerm pike
from Kam Lake and founda maxi mum | evel of 3.2 ppm (mg/kg) in pike
nuscl e tissue. .According to the Canadi an Food and Drug act and
Regul ations (1979), the maxi mum acceptable |evel of arsenic in fish
protein is 3.5 ppm These fish would therefore still be acceptable for
comercial sale, although just barely. Further study on the relation-
ship between dissolved aquatic arsenic |evels and the size and age of

fish is strongly recomended.

4.3 Fish Health

Six lake whitefish and two northern pike collected on 26 February
1987 from Jackfish Lake were exsnmined for the presence of protozoan,
bacterial and viral di seases by the Department of Fisheries and @ans,
W nni peg, Fish Health Section. N. pat hogens were detected from these
fish and they were judged to be “disease free”. A larger nunber of
fish shoul d be examni ned before a definitive statenent as to the health

of the resident fish population can be made.

4.4 Tissue Analysis of Hydrocarbon and O ganochloride Contanination

Miscl e tissue sanples of the northern pike and whitefish species
captured were exanined for the presence of hydrocarbon and organo-
chloride contam nation. These would result from chronic, |ow |evel
input due to chemicals or toxicants leeching” into the [ake through
groundwater or via airborne transport. At the time of publication,
results from the organochloride scan were not available and will be
included as an addendum when received and interpreted.

No unusuallv Nigh levels of’ hydrocarbons were found in the pike or

whi tefish nuscle tissue. Trace levels of ethylbenzyme, orthobenzene
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and xylene were found in both species which are believed to have becone
introduced as a result of long range atnospheric  transport of
i ndustrial pollution. The | evel s of hydrocarbons found in fish from
Jackfi.sh Lake are no higher than for fish found el sewhere in isolated
lakes in North America (Dr. D. Murray, Fisheries and Cceans, Winnipeg,
personal comunication)
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5.0 EvALUATION OF THE NCFC JACKFI SH LAKE ELECTRICAL GENERATI NG STATI ON

Discussions were held with NCFC staff at the Jackfish Lake
electrical generating Station on Februar.y 24, 1987. The Jackfish Lake
station has two diesel fueled generators, each with a maximum
el ectrical generating capacity of 5 negawatts. The mgjority of
Yel l owknife's power denmand is supplied by the 30 MW Snare River
hydroel ectric station. The diesel generators at Jackfish Lake there-
fore only supply supplenentary 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
t he Jackfish 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 mllion litres in 1987-88 and 8
mllion litres in 1988-89.

During normal operation, the station prcduces 11,250 I/rein of 360
to 50¢ C water between Septenber and May. However, the punp which
circul ates water through the station functions continually on an annua
basis, regardl ess of operational status. The fluctuating and inter-
mttent generation of waste heat by the Jackfish Lake station nust be

considered in the design of an aquiculture facility.
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6.0 EVALUATI ON OF CULTURE SYSTEMS

The following sections will examine the relative advantages and
di sadvant ages of cage culture and tank culture as they apply to
Jackfish Lake. A brief summary and evaluation is detailed in Table 13.

6.1 Cage Culture
Cage culture can be defined as the intensive rearing of fish in a
freshwater or marine environnent where fish are contained within a

large net which is suspended in the water by a floating frame.

6.1.1 Capital Investment

The capital investnent for a cage culture facility is low Land
requirenent is mninal and cost of materials (nets, flotation, dock,
anchors) are |ow. However, feed storage and refrigeration facilities,
cleaning equipment, Vvehicles, sanpling gear and processing facilities
will be conparable to a tank culture operation. In addition, the cost
of a heat exchanger (to gain heat fromthe effluent), piping, flow
regul ators and control nechanisms will have to be provided for both

facilities.

6.1.2 Qperational Cost

Operational costs of a cage culture facility are slightly |ower
than in a hatchery. Less electricity is required to operate punps and
lights, less heat is required to heat buildings, and the cost of
mai ntenance is reduced. Reduced nmintenance costs will also reduce the
cost of labour slightly.

A significant reduction in relative | abour costs can only be
achi eved through the econony of scale. An aquiculture facility
operates 24 hours per day, seven days a week. Staff nust normally be
present 10-12 hours per day with sone provision for additional costs
incurred during harvest or for emergencies during off-hours.

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

prevent theft or vandalism
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6.1.3 Mintenance and Monitoring

The effort involved in the maintenance and care of a cage culture
facility 1S fairly | OW. Regular attention nustbe paid to the physical
condition of the cages so that rips or tears do not go unnoticed which
woul d allow fish to escape. Nets nmust be cleaned by divers at regular
intervals so that algae does not build up on the mesh, thereby reducing
circul ation.

Monitoring the health of the fish is easy and conparable to that
of a tank culture system Changes in swi ming or feeding habits, a
reduction in growh or feed conversion and increased nortality are
easily observed and may indicate a potential environnmental or biolog-
i cal problem Renoval of nortalities is however, slightly nore
difficult.

6.1.4 Water Quality

The water quality of |akes are generally of higher quality than is
found in tanks. Provided there is adequate circulation or novenment of
water through the cage, oxygen |evels are higher and concentrations of
nmetabolic wastes are |ower because they are carried away. As no
punping of water : s required, the risk of a supply failure does not
exi st.

Water depth nmnust be at least 6m over a substantial area with a
steep increase in depth near shore. Jackfish Lake barely provides this
in several areas (Fig. 1), being 7-8 ndeep relatively near shore.
However, according to N(3PC station staff at Jackfish Lake, the lake is
subject to fluctuations in depth, with water |evels dropping from1l-2 m
indry years. This factor conbined with the anoxic conditions which
exist in the bottom 1-3 m (Fig. 4a) of the |ake during md-sumrer and
winter coul d possibly reduce the effective, reliable depth to 4-5 m
which is insufficient depth for cage culture purposes.

The conbination of an elevated nutrient |oad surrounding the cages
and insufficient circulation (which is a strong possibility given the
smal|l size of the lake and | ack of inflow or outflow) increases the
risk of eutrophication and developing an al gal bloom Should this

occur, the possibility of a "summerkill" situation exists, whereby the
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al gae suddenly dies off and its deconposition depletes the available
oxygen. This would result in a high loss of fish due to oxygen
starvation. To minimze this risk, an energency air supply would have

to be available to circul ate and re-oxygenate t he water.

6.1.5 Gowh and Yield

Gowth rates of fish raised in cages are generally higher than
growh rates of fish raised in tanks. This is primarily due to the
| ower density of fish and higher water quality found in cages.
Densities in cages rarely exceed 30-40 kg/ni, compared to densities in
excess of 80-100 kg/nmiin tanks. Consequently, yield on a m® basis is
| ower in cages than fromtanks. This is conpensated for by naintaining
| arge vol ume cages.

As it woul dbe very difficult, if not inpossible to hold fish in

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

Up. The conbination of low fluctuating summer water tenperatures and
short growing season would not guarantee the fish will achieve market
size in one season. If the fish did achieve nmarket size, they would

coi nci de with the harvest of wild charr and the narket price would bo

| ower.

6.1.6 Environnment

Environnental conditions present at Jackfish Lake nake the
feasibility of developing a cage culture operation extremely 10W Ice
thickness on Jackfish Lake varies between 1 and 2 min depth with
anoxic conditions existing within 1-3 m of the bottom during nuch of
the winter. Water tenperatures woul dbe ok, no nore than 2e-lo, and
any growth would be extrenely low. Faeces, excess food and nitrogenous
wast es woul d accunulate in the water and sedinment in the vicinity of
the cages, causing a significant |oss of water quality due to the |ack
of circul ation.

The area of open water surrounding the effluent outlet of the NCPC
electrical generating station during February, 1986 was small, |ess
than 800 m2. The area of open water required for a small operation of

six 10 m cages would be approximately 2275 . Tenperature data from
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station 5, within 100 mdirectly offshore of the ice edge, was not
significantly different from water tenperatures elsewhere in the |ake
(Fig. 4c).

Handl ing of fish during the winter for censusing, inspection;
transfer or disease treatnment woul dbe very difficult. Water coating
the delicate gill filaments would quickly freeze extensively damaging
gill tissue, inpairing respiration and causing death.

During spring break-up shifting ice driven by high w nds 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 noderate risk of disease occurring amongst fish reared
in cages in freshwater, particularly in an environnent 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, frombirds and small mammals such
as mink and muskrat is acormmon problem  Predation from birds can be
prevented by placing string or a renovabl e nesh over the cages but the
loss of all fish as a result of a hole froma muskrat is difficult to
prevent.

Poaching of fish from cages can asorepresent a significant |oss
of potential yield, which, conbined with the vulnerability of cages and
fish to vandalism demands that a security system be instituted to

prevent unnecessary | 0ss.

6.2 Tank Cul ture

Tank culture is the general term applied to any of a variety of
fish holding facilities such as raceways, circular or rectangular tanks
and silos of varying size and construction, usually concrete, plastic
or fiberglass. These systens are all |and based and occasionally
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encl osed. Were only a Goldwater source is available, it is recircul-
ated to elevate tenperatures and maintain a high degree of control
The anount of fish which can be grown is limted by the volume of water
available. Recirculation will increase the anount of water available,
but also increases the risk of high nortality due to a mechanica
breakdown of the system

6.2.1 Capital Investment

Capital investnent in a |and based tank or raceway systemis very
high (Table 13). Land costs, buildings, rearing systems, construction
costs, plunbing and wiring, backup generators,  vehicles, pumps,
aerators and other mscellaneous itens were estimted to cost approxi-
mat el y $110,000 in 1985 in Ontario for a nodest aquiculture facility
produci ng 22,700 kg of fish annually (Castledine 1986). In the N.W.T.
in 1988 or 1989, capital investnent m ght run between $200,000 to
$250, 0000

The major expenditures would be property, building construction
and purchase of rearing facilities. A significant reduction in capitol
costs can be achieved through the use of low cost rearing units (such
as culverts) within sinple, inexpensive enclosures. These can be
constructed of a heavy fabric material stretched over a metal franme and
partially insulated (M Papst, personal commrunication).

Punps and plunbing required t.o recirculate water, tenperature
control mechanisns, aerators and a backup generator are unavoi dable
cost s* This facility however inparts considerable environnenta
control capabilities, a particularly desirable characteristic given the
severity of the northern climte.

Capital costs for vehicles, feed manufacturing equipnent, a feed
storage facility, a freezer facility, cleaning and processing equipnent
will be simlar for both cage and tank culture operations.

In addition a security system would be required to alert staff in
the event of an electrical or water supply failure which would result
in significant | osses of fish.

The high capital costs associated with this type of operation nust
be held to a mininumif it is to be economcally viable.
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6.2.2 QOperational Costs

Qperational costs of a tank system are slightly higher than for a
cage culture facility. The anmpbunt of electricity required to pump
water, and provide lighting is considerable. Building maintenance,

tank cleaning and other factors will also increase |abour costs.

6.2.3 Mintenance and Monitoring

The degree of mmintenance and nmonitoring of a recirculating
culture system is relatively high. Mai nt enance of equi pnent (punps,
generators, aerators, etc.) and nonitoring of tenperature, oxygen
ammonia levels and flow rates are required. However, the greater |evel
of control and security provided conpensates for the increased complex-

ity and expense.

6.2.4 Water Quality

Water quality parameters in tanks or raceways can be maintained at
anacceptable level by the effective renmoval of suspended solids and
nmet abol i ¢ wastes and reoxygenation of the water.

In single pass systems, water is circulated only once, so that the
fish receive fresh water exclusively thereby naintaining high water
quality. This is only practiced where there are very large vol unes of
water available of a suitable tenperature for rapid grow h. I n Canada
as nost of our ground water is cold (60-80C) all year round a signific-
ant proportion (20-30% of the annual operating budget woul dbe
consunedl y heating costs (Ayles et_al. 1980, McNown and Seireg 1983).
Recircul ating 90-95% of the water minimzes fresh water demand while
providing |arge savings in heating costs. The increased cost and
mai nt enance of a recirculating systemis justified in nost cases
because recirculating water inparts a high degree of environmental
control, stock managenent, and di sease control (Muir 1981, McNown and
Seireg 1983).

The out put of the NCPC Jackfish Lake electrical generating station
could potentially satisfy the total thermal demand of a facility
| ocated. there. However , a non-schedul ed shutdown of the waste heat

source would result in a conplete exchange of cold water i nthetanks
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within a matter of minutes causing a severe thermal shock and possible
heavy | osses of fish (Ayles et al. 1980).

The construction of recirculation and a water storage or mxing
tank would act as a buffer to aneliorate the effects of a shutdown over
several hours. The effects of variable thermal outputby the station
as well as seasonal differences in |ake water tenperature would al so be
mnimzed. In addition, management and control of the water supply and
treatnment of diseased fish would be facilitatedas residency tine of
treated water would be increased twenty fold.

6.2.5 Gowh and Yield
Despite slightly lower growth rates of fish in tanks than in
cages, the densities at which fish can be raised in tanks are at |east

double that of cages. Yield on a cubic netre basis is therefore
consi derably higher. Based upon the proposed 40 tank system (Appendix
2), between 5 and 6 harvest periods per year are possible. Thi s

rotational systemhas the ability to provide a constant, consistent
supply of fresh charr which is not pcssible in cages. The ability to
provide fresh fish to brokers, restaurants and retail outlets reliably,

is an inportant facet to a successful conmmercial operation.

6. 2.6 Environnent

The environment in a tank or raceway is under strict control by
the aquacul turist. Water tenperature, flow rate, water quality, light
and other environnental factors are easily manipul ated. The fish are
not exposed to the environnental or seasonal extremes in heat and cold,
ice conditions, fluctuating water tenperatures and |ight, to which they
woul dbe exposed to in cages. Should the water source becone polluted
(due to an oil spill or chemcal dunmp) the inlet source could be
rel ocated and intake volunes reduced in order to filter or at |east
mnimze 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 disease
can be less than fish reared in cages, if a high level of water quality
is maintained. The opportunity of filtering or treating incomng water
exists in a tank facility where it does not in a cage facility.
Treatnent of infected fish in a tank is also easier and nore effective.
Again, it shouldbe stressed that the nost inportant facet of disease
prevention is avoidance through the inportation of only “certified
di sease free” fish.

Tank culture also allows different groups of fish to be isolated,
not only fromresident fish but from each other. Inthis way if one
group of fish beconmes infected with a disease, the risk of transnission

between fish or through the water supply is negated.

6.2.8 Predation, Theft and Vandalism

Al t hough predation is not a factor in tank culture, theft and
vandal i smremain a consi derati on. Because hatcheries support |arge
nunbers of fish in an extrenely snall area they are very vul nerable and

a security system would have to be established.
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CONCLUSI ONS

The intensive aquiculture of Arctic charr in the Northwest
Territories is considered to be biologically and technologically
feasi bl e. Jackfish Lake appears to be a suitable |ocation based
upon the availability of an abundant supply of waste heat,
conveni ent access to transportation and the presence of an
abundant source of trash fish from which to manufacture feed.

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 nade. Arsenic levels
whi ch exceed U S. EPA (1978-79) accepted standards and a suspected
pH i nbal ance may pose a threat to fish health and jeopardize
aquiculture opportunities. Further study on both of these aspects

is strongly recomended.

Cage culture of Arctic charr in Jackfish Lake, N.W.T. js not
reconmmended. The traditional risks associated with cages such as
di sease and water quality conbined with cold water tenperatures, a
short growing season and the unpredictability and extrenmes in
environnmental conditions found in the north create an unacceptable
level of ri sk. The potential for failure exceeds the Iikelihood

of success.

A tank or raceway system is reconmended as being the nost
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 econonic return. It is the opinion
of the author that these benefits exceed the deterrent of a high

capital investment.
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Despite the apparent biological and technological feasibilityof
aquiculture in the Northwest Territories, ultimately the success-
ful culture of Arctic charr depends upon economc considerations:
These include high transportation costs, high capital and opera-
tiom costs in the Northwest Territories, high risk, an insecure
market, conpetition fromother wild and aquiculture fish and

relatively low product val ue.

The economics ofa tankor raceway culture system can onlybe
i nprovedby keeping capital investment to a mininum | nexpensive
rearing and housing units for the fish should be | ocated before

proceeding further.

To ensure that maxi mum ,growth rates are achieved, water tempera-
ures shoul dbe maintained as near as possible to the optimm
growth tenperature 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 conpete with the wild
product and because growth rates of larger fish are reduced, a

hi gher turnover is maintained resulting in a greater return.

Wth the exception of capitol and |labour costs, there is no
difference in the cost of inporting a comercially manufactured
feed versus the |ocal manufacture of a noist feed using trash fish

fromthe Geat Slave Lake fishery.

A noi st feed should therefore be manufactured due to the greater
pal atability and performance of fish fed a noist feed. In
addition, a portion of the noney spent for the purchase and

manufacturing of the feed would stay h'ithin the comunity.
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Identification of further suitable sites for intensive aquiculture

in the Northwest Territories shoul dbe based upon the follow ng

prelimnary investigations being carried out. These include: |,

i) Performance of a conplete water quality analysis to
include essential ions, dissolved solids and heavy netals.

i) Anal ysi s of tissues f r om resident fish species to
determine the levels of heavy netals and other contam
inants such as pesticides, PCB's and other organic
t oxi cants.

i’ Analysis of tissues of resident fish for the presence of
pat hogeni ¢ bacteria and viral organisns.

iv) Access to a sufficiently large, reliable source of trash
fish from which to nmanufacture a moist diet.

V) Presence of a reliable waste or |ow grade heat source able
to satisfy the total annual thermal requirenents of a
hatchery facility.

vi) Ready access to convenient land and air transport.

vii) Knowl edge of the  seasonal changes in limnological
paraneters such as depth, oxygen, tenperature, salinity
and hydrodynani cs.

viii) | dentification of potential hazards such as mines,
pi pelines, toxic waste disposal sites, or facilities which
m ght pose a threat to water quality.

Construction and inplinmentation of such a facility, even if

uneconomcal at this tine, nmay becone econonmical in the near

future. Devel opnent of the necessary technology will have been
acconpl i shed and the facility could serve as a pilot - commercial
feasibility operation which could be utilized and receive linited

funding from interested industry and government agencies.
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RECOMMENDATIONS FOR FUTURE STUDIES

It is recommended that before an aquiculture operation is
initiated, the actual relationship between arsenic in the water
from Jackfish Lake, NNWT. and arsenic concentrations in the
zoopl ankton, and tissues of resident whitefish and northern pike
be detern ned. 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 inbal ance and reasons for its
occurance shoul d be elucidated. \Wether this condition actually
exi sts or whether these values represent an anomally is not known
and additional water quality data should be collected as soon as

possi bl e.

The collection oOf general water quality and chenmistry data from

Jackfish Lake shoul d be continued for a one year period.

It is recomrended that an econom c eval uation and marketing study
of artificially reared Arctic charr be perfornmed. The | ocal
demand for fresh charr during periods when they are not conpeting
with wild fish should be stressed in the study.

The tenporal availability, exact costs and logistics associated
wi t h purchasing fresh trash fish fromthe Geat Slave Lake fishnmen

should be further investigated.

A mnimum of two distinct, disease free populations of Arctic
charr should be identified. These stocks should each be evaluated
to deternmine which strain denonstrates the highest growth rate and

the | owest feed:gain ratio and nortality rate.
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The design for a conpletely functioning hatchery/tank cuilture
system capable of producing a mninmum of 32,000 kg of fish per

year, with room for expansion, should reconpleted. Allconstruc-

tion and equipment costs, and |abour and operational costs should

be detailed for inclusion in an econonic feasibility study.
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Table 3. Conparison of feed:gain ratios of different strains of Arctic charr
fed different rations.

Strain Tenperature Size Range Manufacturer Feed: Gai n Reference
(°C) (g) Rati o

Stovsnnet R. 10 117-273 comercial dry 1.19-1.32 Jobling (1983c)
Nor way pel | et

Fraser R 14 1o- 100 MAR 1.35  Baker (1983)
Labrador

Sunndal sora 14 1o- 100 MAR 2.14 Baker (1983)
Nor way
Sunndal sora 12 13- 54 MCD 1.41 Tabachek (1983)
Nor way
Sunndal sora 12 13-78 SCT 1.81  Tabachek (1983)
Nor way
Sunndal sora 12 13-53 ABR 2.43 Tabachek (1983)
Nor way

Fraser R 12 12-72 SCT 1.15  Tabachek (1983)
Labr ador

Fraser R 12 12-65 MAR 1.17  Tabachek (1983)
Labr ador

MAR Martin Feed tills, Ontario

MCD Manufactured Control Diet by Tabachek (1983)
SCT Silver Cup Trout food

ABR Abernathy Sal non di et
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Tabl e 5. The relationship between water quality on flow, Iloading rate,

(kg/l/rein), density
val ues are based on

i ndi vi dual raceway
1983).

(kg/m3 ) and hourly exchange.
the availability of 10,00 I/rein flow and
rearing volunes of 60 m3 (after Wsters

These

Description of design parameters

Water Quality Ranking

Hi gh Good Moder at e Poor
Maxi mum al | owabl e | oadi ng
(kg/l/rein) 3.00 2.25 1.50 e
Total maxi mum production
in kg 30, 000 22,500 15, 000 7,500
Rearing space (m3 ) needed
for a maxi mum al | owabl e
density of 32 kg/m3* 937 703 468 234
Nunber 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
¥ production can be tripled for Arctic charr wthout increasing space.
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Protection Agency water quality standards 1979-

1980 (from Daily and Economon 1983 ) .

Element

MBXi mum  Accept abl e
Limt

Alkalinity (hardness as CaCos)

Aluminum (Al)

Ammonia (NHs )

Arsenic (As )

Barium (Ba)

Cadmium (al kalinity <100)
(alkalinity >100)

Cal cium (Ca)

Chlorine (d)

Chrom um (Cr)

Carbon dioxide (CQ)

Copper (alkalinity< 100 ng/1l)

(Cw) (alkalinity >100 ng/ 1)
Di ssol ved oxygen (DO

Fluoride (F)

Hydrogen cyanide (HCN)
Hydrogen sul fide (H:S)
[ron (Fe)

Lead (Pb)

Magnesi um (Mg)
Manganese (M)

Mer cury (Hé)
Nitrogen (N

3)
3)

Nitrate (NO
Nitrite (NO
Ni ckel (N)

PCB

pH

Pot assi um (K)

Salinity

Sel eni um ( Se)

Silver (Ag)

Sodi um ( Na)

sul fur (s)

Sul phate (S04)

Total Dissolved Solids (TDS)
Total Suspended Solids (TSS)
Urani um (U)

vanadi um (v)

Zinc (Zn)

Zirconium (2)

20 ng/1 at |east
<0.1 ngy/ 1

<.02 ny/1

<056 g/ 1

5 mg/l

.0005 g/ 1

.005 mg/1

52 mg/1l at least
<.003 mg/1

.03 mg/1

1.5 mg/lis best (no nore than 15
my/ 1)

.006 mgl

.03 mg/1

75% of saturated |evel, never
less than 5 ng/1l
.5/l

. 005 mg/l

.003 ng/1

.1 my/l

.02 my/ 1

<15 ng/ 1

<. 01 ng/1

<.2 my/l

<110% total gas pressure, 103%
nitrogen gas
<1.0 ngy/1

<1.0 ng/ 1

<. 01 ng/1

.002 ng/1
6.7-8.6

<5.0 ngy/1

<0.5 %

<.01 nmy/1

<. 003 ny/1

<75 my/ 1

<1.0 ngy/1

<50 ng/1

<400 ng/ 1

<80 ny/ 1
<.1nmll
<.1ngll

.005 ng/1

1 Ul

N NN NN




Table 7.

1981) .

Vitamin requirements and defi ci ency synptoms in salmonids (after Hlton and
Sli nger

Vitamin

Requi rement

(mg/kg of air dry feed

Deficiency Synpt2xrLS

Wat er - sol ubl e

al

Thi ami ne

Ri bof [ avin

Ni acin

Pant ot heni ¢
aci d

Pyri doxi ne

Cobal smi ne
(B12)

Folic acid

Biotin

Ascorbic acid

Inositol

Chol i ne

-soluble

Vitamn A

Vitamin D,

Vi t am nK

Vitamn E

10

20

150

40

10

0.02

100
400
3000

2000 1.U./kg feed
3000 I.U./kg feed

80

30 I1.U /kg feed

Convul sions, neuritis

Cataracts, anem a, dark coloration
Swollen gills, intestinal |esions, poor
cnrdination, anema

C ubbed gills, anema, sluggish behavior,

prostration

Anemia, hyperirritability, fits, erratic swimming

Anemi a, fragment edand immature erythrocytes

Anenia, fragility of caudal fin, lethargy, pale
gills

Anorexia, pale gills, high glycogen in Iiver,
col onic |esions

Spinal defornities, anema, |ethargy, prostration
Anorexia, poor growh, poor feed efficiency

Henorrhages, fatty livers, colonic |esions, poor
growt h

Cataracts, photophobia, anema, dim vision

Lethargy, tetany-like contractions, increasad
lipid content of liver, muscle, carcass, droopy
tails

Henorrhages, pale gills, increased prothronbin
tinme

Anem a, exulative diathesis, dermal
depi gnentation and epicarditis

€L
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Table 8. A list of ingredients contained in different diets
according to lifestages as manufactured by BIOPRODUCTS
INC. (Warrenton, Oe).

I ngr edi ent Starter G ower Feed Br ood

Fish (pasteurized) X X X X
Liver (pasteurized) X

Krill (pasteurized) X X
Fish Meal X X X X
Feat her meal (processed) X X

Wheat gexm neal X X X X
Bl ood neal X X X X
Dr i edwheypr oduct X X X X
cottonseed neal X X

Egg neal X

Brewers yeast X X X
Fish G X X X X
Tal | ow X

Lecithin X X X X
Et hoxyquin (anti oxidant) X X X X
Pot assi um sorbate X X X X

(preservative)

Choline chloride X X X X
Phosphoric acid X X X X
Bentonite X X X
Starch X X X X
Vitam n suppl ement X X X X
M neral suppl ement X X X X

1 | ngredients not by preponderance.
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Tabl e9. Martin Feed MIls, Elmra, Ontario, trout feed informtion.
Costs as quoted 24 February, 1987.

Fi sh Feed
Feed Size (cm Size (mm)* Cost ($/25 kg) Cost ($/kg)
Starter SWi m up starter 20. 50 0.82
Starter <2g 0.5 &R 20.00 0. 80
Starter 6.3 1.0 &R 19.75 0.79
Starter 6.3-7.6 1.5 &R 19.00 0.76
G ower 7.6-10.6 2 R 15.95 0.64
G ower 10.6-12.7 3 &R 15.70 0.63
G ower 12.7-15.2 3 PT 15.45 0.62
G ower 15.2-17.8 4 PT 15.20 0.61
G ower 17. 8+ 4.5 PT 15.10 0. 60
G ower 15- 20 5 PT 14.95 0. 60
G ower 20+ 6 PT 14.95 0. 60

X GR = granule
PT pel | et



Table 10. Water quality analysis of Jackfish Lake,

N.W.T. during 26 February, 1987.

All units in mg/l unl ess otherwise stated.

M ner al
Station Dept h AmmoniaA NitriteA Nitrater Sodium Potassium Calcium Iron Manganese Alkalinity PH

(m) ~-11 ~-11 NO, - ¥ Na K Ca 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 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 | 250 4.8 2.7 27.9 <.03 <.01 1.60 10.25

a Units are pg/l

"Units are nmeg/1 (1 meg/1 = 50 ng/1 as CaCOs)(Wetzel 1975)
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Table 11. Results of heavy netal analysis of water sanmples collected from Jackfish Lake,
N.WT. on February 26, 1987.

Station Dept h Met al
(m [ron Lead Copper Arsenic Zinc Magnesi um
w/ 1 my/ 1 my/ 1 ng/ 1 ng/ 1 mg/1
1 0 022 <.0005 .0039 100X .0043 9.3
6 .028 <.0005 .0048 .095* .0041 8.8
2 0 . 023 <.0005 . 0042 .097% . 0058X% 9.3
6 . 029 <.0005 .10 .096* . 019* 8.8
3 0 .016 <,0005 . 0016 . 100% .014* 9*3
8 . 037 <.0005 . 0041 . 095* .034* 8.8
4 0 . 015 <.0005 . 0016 .094* . 0021 9.1
5 . 016 <.0005 . 0023 .096% .0014 8.8
5 0 021 < e 0005 .0012 .097* . 0006 9.1
7 . 019 <.0005 .0021 .095* 0011 9.1
Maxi num <. 100 <.020 <, 006 <.050 .005 15.0

Acceptable Linmts
(mg/1) U. S. EPA

* Exceeds maximum acceptable U S. EPA (1978-79) water quality standards.



Table 12.Physio-chemical characteristics of water saaples collected fros Jackfish Lake during 1997 and 1978,¢ 4]] values are in 8¢/l unless otherwize stated. *NA° meanssasple vas

ot taken.
Characteristics Date 12/05/1? 21/06/11 21/06/1? 29/05/18 21/05/71 22/06/11 22/0$71 11/08/18 11/08/11 i 31/08/1:
Station - 1 2 1 2 | 2 1 2 1 2
Depth 0 0 0 0 0 0 0 0 0 0 0
Arsenic (Total} 0.185 0.13 0.01 0.080 .01 100 ,101 14 Qe 0.000 0.080
Nercury ag/a? {Total) 0,2 0,2 WA (2 (,2 S $ (.02 (.02 (0.02 (0.02
Hickel [Total] (0.03 (0.03 (0.03 0.02 0.02 (0.03 (0.03 (0.03 (0,03 n (0.03
Copper {Total) (0.02 (0.02 (0.02 (0.02 0.08 (0.02 (0.02 (0.02 (0,02 (0,02 (0.02
Lead {Total) (0.002 0.00? (0.002 0.004 0.003 (0.005 (00005 (0.005 (0.005 (0.005 (0.005
Zioc (fotal} (0.01 (0.61 (0,03 «0.01 0,02 0,02 (.01 (0.01 (0.01 (0,01 (0.01
Cadnius [Total} (0.002 (0,002 0.01 0.006 (0,002 0.014 (0.002 (0,002 (0.002 (0.002 (0.002
Cobalt {Total) (0.05 (0.0s (0.002 (0.08 {0,0s (0,05 (0,05 (0.05 €0.08 (0.05 (0.05
Iroo (Total} (0.02 (0.02 (0.05 HA HA 0.0? 0.05 0.04 0.04 0.0$ €0.03
¥anganese (total] (0.02 (0.02 (0.02 0.002 0.002 0.04 0,03 AlA HA HA HA
Nagnesiua (Total) 1.5 HA 0.02 1.2 1.2 6.3 6.1 .0 6.3 8.0 8.0
Calcium({Dissolved} 0.9 23.2 HA 16.5 16.0 1} 1} 12 13 MA HA
Sodius {Dissoived) 36 4 lIA 1.1 2.2 1.5 .2 PR ] ] HA 1A
Potassiua (Dissolved) 1.2 2.1 [T 4 1.85 .5 IR | 2.3 2.3 7} L]
Total alkalinity 11 59 1} 61 0 HA H 58 5 t2 18
Total hardness L1 81 ] 1 85 HA 20 s? L]} 6 36
Silica( React i ve] 3.15 3.08 HA n HA HA n A HA ] HA
Nitrite {Dissolved) (0,01 (0.01 HA 0.01 (0,01 ] (0.01 (0.01 (0.01 0.01 (0.01
Nitrate (Dissolved) (0,01 (0.01 Ha 0.01 0.10 n 0.01 (0.01 0.01 0.01 (0.01
Total Phosphorus 0.01 0.02 ] 0,03 0,03 1} (0.01 0.03 0.0! 0,09 0.0?
Chloride (Dissolved) 2.5 2.2 L] 2.2 {8 ] 31 2.1 29 .1 31
Sulpbate{disselved) 19 2 [} 2 (5 n 3.0 2 pil 26 %
Total Carbon %5 258 n %5 ] $A 2 25 H] 2% 2%
Inorganic carboa 12 13.5 MA 12 12 n 12 1" 1H 13 13
Organic carbos n 12 [ ] 1 12 HA 10 1 12 12 13
Specific Coaductaoce({unho/ca) ] 183 AIA 160.8 160.S 28.1 0.8 159.4 159.4 150 183
Secchi disc [a) HA 2.0 HA BA MA 2,5 3.0 3.0 .0 1.0 15
1] ] HA 1} 6.{ 1.4 N HA HA [ 1 HA ]}
Temperature|*C] 7.0 18.0 ]} 1.0 1,0 1.0 11.8 18.0 18.0 15.0 15.0

8L

A1l data provided by M.Roberge, Fisheries aod Oceana, Vinnipeg, Nanitoba.
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Table 13. Summari zed, conparative evaluation of cost, and

envi ronnmental and bi ol ogi cal paraneters as they
apply to Jackfish Lake, N.W.T.

Rearing Facility

Par amet er Hat chery Cage
Capital |[|nvestnent Hi gh Low
Qperating Cost Moder at e Low
Mai nt enance Moder at e Moder at e- Low
Tenperat ure Controlled Vari abl e
Wat er Oxygen Good- Fai r Good
Quality
Met abol i zes Cood- Fai r Good
Overall Environment al Hi gh Low
Contr ol
Envi r onnent al Low Hi gh
I nfl uence
Growt h Moder at e- Hi gh Hi gh
Yi el d Hi gh Moder at e
Ri sk of Di sease Moder at e Moder at e
D sease Treat nent Good Fai r - Good

Mar ket Contr ol Hi gh Low




Figure 1.
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Location of Jackfish Lake, N.W.T. in relation to the city
of Yellowknife. Location of the Northern Canada Power

Commi ssion (NCPC) station and sanpling locations are as
i ndi cat ed.
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Figu.re2.

Rel ati onship
wei ght / day)
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bet ween specific

and tenperature

growth rate

(% body

(oC) for rainbow trout angd

Arctic charr from Labrador and Norway (after Baker

1983).
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Fi gure 3.

Comparative evaluation of tine (days) required for Arctic

charr to

tenperatures.
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Figure 4a.

86

Temperature (°C) and oxygen (mg/l) profiles for Jackfish
Lake, NWT., collected during the summer of 1980 (after

Roberge and Gillman 1986).
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Figure 4b.
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Tenperature (°C) and oxygen (mg/l) profiles for Jackfish
Lake, NW T., <collected during the winter of 1980-1981
(after Roberge and G|l nman 1986).
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Fi gure 4c.
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Tenperature (oC) profiles of five stations from Jackfish
Lake, N.W. T. on 26 February 1987.
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APPENDIX 1
BASI C BIOLOGY OF ARCTI C CHARR

arcticcharr have a circunpol ar distribution and are the
nmost northerly of all freshwater fish. In the Northwest
Territories charr are found in nost coastal streans and |akes from
the Mackenzie River to lqualuit (Frobisher Bay).

Arctic charr are fall spawners, usually breeding in
Septenber or COctober in streams or |akes. Charr occur in two
forms, a lake dwelling dwarf population, or an anadromus form
spending the winter in freshwater and mgrating to sea to feed
during the summer. It is during this period in the sea that
Arctic charr are capable of very high growmh rates and food
conversion efficiencies.

Gowh rates, sizes, age at first naturity and maximum age
of charr are extrenely variable, both longitudinally and |ati-
tudinally. Anadromous charr grow faster and achieve |arger sizes
than do | andl ocked freshwater charr. These charr sel dom exceed
350 mm in length but nay be up to 20 years old. Anadronous charr
may exceed 1 min length, weigh in excess of 20 Ibs and live to be
30 years of age.

Mbst anadronous charr first mature between 5 and 10 years
of age, spawning every two to three years. The average fenale
| ays between 3,000 and 5,000 eggs of 4.0-5.5 nmin dianeter.

Arctic charr feed primarily upon aquatic insects,
crustaceans and fish. Charr have few natural predators as adults,
but are occasionally preyed upon by seals.

onz
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APPENDIX 2

ESTI MATED PRODUCTION CAPABI LI TY OF HYPOTHETICAL INTENSIVE CULTURE
FACI LI TY FOR JACKFI SH LAKE, N. WT.

The follow ng section presents a theoretical hatchery
nodel which consists of 44, 1500 litre recirculating tanks capabl e
of producing 5,000 kg of Arctic charr every 55 days.

Estimates of predicted growh rates for the charr are
based upon a growth nodel devel oped byPapst et al. (1982) for

rainbow trout which, according to M. Papst (personal cormunica-

L

tion) , will also approximate growh of charr under certain
conditions. Gowh rates for charr were predicted using this
model atfo 8 100, 120 and 40 C and are illustrated in Figure
Al. Production of the theoretical hatchery (Fig. AZ) was based on
predicted growth rates of charr at 140 C, starting with 20,000
charr of 5 g initial size.

Figure A2 illustrates a theoretical production scenario
for one of the two identical systems proposed. Each “systent
consists of 22 recirculating tanks divided into 4 levels. Level 1
contains 10,000 5 g charr stocked at an initial density of 33
kg/m*. After 55 days growth (at 140 C) the charr would be
approxi mately 20 g (Fig.Al), whereupon they would be split
anongst 3, level 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 1 tanks, each containing 830 fish at a mean wei ght
of 140 g. After a further 33 days growth, market size is reached
and the fish are harvested. As each group of fish move up a level,
nore fish are noved in to replace themso that a rotational cycle
is established. Therefore, the total production of each 55 day
cycle for each 22 tank “systenf is as foll ows:

10,000 fish x 250 g = 2,500 kg

The conbined total for both systens 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, the maximum total annual production of Arctic
charr given this design would be 32,500 kg.

oOnz



Figure Al .
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Esti mated nunber of days for Arctic charr to achieve a
m ni mum wei ght of 250 g at different tenperatures based on

a growth model for rainbow trout by Papst et al. (1982).
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Figure a2,
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Schematic diagram of proposed hypothetical intensive
culture facility. This schene 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.
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10,000 Fish@5g @ 33 kg/m® Stocking
1 ] e
20 g 55 days
2 2 2 2

110 days

/

4|l nd4l| 414t21412 14 & |41 h4i 4

—»
—n
—]
—

T T

210 days
To Market at 250 g

145) g M0 g } 165 days

v

Market
Initial Final
Weight Density Total Weight Density Total Weight
@ kam B @) ke (ko)
1 5 33 55 20 132 200
2 20 44 110 60 132 600
3 60 66 165 140 154 1400
4 140 17 210 250 138 2500




