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

Total concentrations of organochloride compounds present in muscle

tissue from northern pike and whitefish collected from Jackfish Lake,

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

guidelines for commercial fish (D. Muir, Freshwater Institute,

Winnipeg, personal communication) .

Arctic charr would be expected to have slightly higher

organochloride levels than reported here however, due to the higher

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

whitefish, but are not expected to be a problem.

It can be concluded that due to the low levels 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.
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Table 1. Analysis of total organochloride compounds present in whitefish and pike muscle
tissue collected from Jackfish Lake, N.W.T. on 26 February, 1987. Ml units are
in rig/g wet weight (parts per billion. )

.-..——.——----—. ,,.—-—. -.—. -—-.—— — —.,—.———___

Compound* Pike Whitefish

C13z

HCH

DDT

FCB-T

ARol:l

IUiA

DIELDRIN

FcB’s

0.18

0.38

0.26

36.36

17.22

13.63

10.39

0.05

0.29

0.96

0.30

24.34

12.52

9.00

7.49

0.10

* (23Z =
HCH =
CHU3R =
DDT =
FK33-T =

=
‘lx3XA =
TRI =
TEX’ILA=
PENTA =
HEXA=
~A =
CXXA
NO)VDEC ~

TRI 1.’70 1.41

4.84 4.05

PENTA 3.62 2.52

HQIA 4.14 2.75

HWI’A 2.39 1.48

WA 0.50 0.29

NON/DEC 0.03 0.02
—

chlorobenzenes
hexachlorocyclohexanes
chlordane - related compounds
DDT related compounds
total polychlorobiphenyls
FC23’s as Aroclor 1254-1260 equivalents
toxaphene
trichloro - K’B
tetrachloro – K%
pentachloro - FCB
hexachloro - PCB
heptachloro - PCB
octachloro - FK33
nona, decachloro - PCB
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! 1.0 INITiODUC1’ION I

Recently aquiculture J or the farming of finfish, shellfish and

aquatic plants, has been identified by go~-emment and pri~-ate industry

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

Integrating Canada’s abundant natural resources with the developing

science and technology of aquiculture can pro~’ide  valuable opportuni-

ties for supplying the increasi~d Canadian exprt market demand for

fresh fish, generating employment and creati~u new economic opportun-

ities.

}iorld~-ide,  aquiculture is a rapidly expanding industry ha~-i~d

experienced a grok_th rate of 67% during the past decade (FlacDonald

1985). The development of aquiculture in (knack however, has been
t1 limited and S1OV, Our low le~.el of aquiculture development relative to

other countries, is due primarily to the abundance of our ~’ild fish

resources and our en~-ironmental conditions.

tonnes of fish and shellfish

million tonnes of wild fish.

of aquiculture production in

Aquiculture development

terized by S1OX initial gro~th. There

ot-ercome such as nutrition, disease, genetics anda technology which

in 1984 versus

Contrast this

China the same

is typically a

Canada produced only 6,000

a total production of 1.24

w’ith the 2.5 million tonnes

year (YlacDonald 1985) .

long term process, charac-

are numerous problems to be

developxi for specific application to a southern, temperate

Additional problems specific to Canada and the north exist

has been

climate.

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

competition from other fish (.$-les 1980, Table 1). Additional research

is required to develop a technology specific to aquiculture in the

Northwest Territories.

Interest in de~’eloping %rctic charr (Sal~-elinus alpinus) as an

aquiculture species in Canada has been increasing due to its \-alue,

limited a~-ailability and its unique Canadian identit~r.  Biological

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

more traditional species such as rainbow trout because charr are w-en

adapted to cool water, of h’~ich we ha~’e an abundance.

—
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Intensive aquiculture of Arctic charr has recently been examined

by researchers in Norway (Gjedrem and Gunnes 1978, Wands-ik and Jobling

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

and HopkY 1984). Initial results indicate that Arctic charr require

cooler waters than other salmonids and a high quality of food to

achieve maximum grokth rates. In @nada, most of our water is too cold

to pro~-ide for maximum growth Year round and therefore must be heated

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

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

reduced if intensive culture of Arctic charr is to b \-iable. Use of

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

mining or smelting operations and electrical generating stations have

been identified as potential ener~- so~es i-~~-les ET ~. 1980).

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

logical feasibility of intensive aquiculture of Arctic charr utilizing

~~te heat generated from a Northern Canada Power Commission (NCPC)

electrical generating station on Jackfish Lake, near }“ellowknife,

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

year prol-iding  Up to 11,250 L/rein of 400 C h’ater, which could be used

to supplement lake water for the culture of charr either in cages or in

raceways.

This study also e~-aluates relatil-e technological, economic and

nutritional merits of pro%-idim” a locally manufactured fish feed

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

Slave Lake commercial fishery, \.ersus an imported, commercially

manufactured feed. .Although this report addresses the specific

suitability of Jackfish Lake for Arctic charr aquiculture, these

results have a broad applicability to the general feasibility of

intensiy.e aquiculture of Arctic charr, utilizing waste heat, in the

Northk-est  Territories.

I
1

I
1

I
I

—
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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 aquiculture of Arctic charr. This informa-

tionwas gathered from all available published material, from unpub-

lished material kindly provided by indi~’iduals  who work or have worked

with Arctic charr

Scotland, Denmark

Arctic charr

Scotland or the

and from personal contact k-ith individuals in Canada,

and Norway who are involved in aquiculture research.

have not been successfully raised in freshwater in

Scandana\-ian countries. Kitety-five  percent of all

aquiculture in these countries int-elves sea cage culture, primarily of

Atlantic salmon and rainbo~’ trout. Arctic charr perform poorly in sea

cage= (Gjedrem 1975a, Gjedrem and Gunnes 19’78) and attempts at their

culture exclusively in freshwater has not yet been attempted on a

commercial scale. Research on Arctic charr aquiculture in Scandinavia

is still in its early stages but is developing rapidly.

The follob.ing section prox.ides a synopsis of the technical

information available on the intensi}-e  culture of Arctic charr. This

begins h-ith the procedures which initially must be followed to obtain

and establish a source of Arctic charr, follok-ed by a discussion of the

biological and physical environmental factors which affect growth and

development of arctic charr from early life stages to .ju\-enile fish.
—

2.1 ARCTIC CHARR ACQUISITION

Acquiring up to 200,000 eggs annually, until a brood stock can be

established, w-ill be both costly and difficult. The first obstacle

Kill be identifyiu~ populations which are known to be free of

infectious diseases (see Section 2.3.7).

Selection ~f an Arctic charr population should be based upon

pret-iously known data in order that the risk of importing diseased eggs

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

facility until certified disease free in order to

k“ith non–diseased fish or eggs,

It is strongly recommended that Arctic charr

from at least two geographically distinct populations

eliminate contact

eggs are obtained

(strains) so that

1

N
‘s
‘c
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if a particular strain is infected k“ith a disease, a source of eggs

would still be available so that production could continue. In

addition, it is desirable to evaluate the performance of different

strains under commercial aquiculture conditions in order that the

better strain can be utilized for production purposes. Further

information on obtaining a certified disease free stock of fish is

detailed in the Canadian Fish Health Protection Regulations.

The basic biology or life history of Arctic charr is discussed in

Appendix 1. Arctic charr are fall spawners, reproducing primarily in

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

during this time that weather conditions deteriorate and become

unpredictable thus making the collection of eggs potentially difficult.

It is therefore necessary to know exactly when and where the charr will

spawn.

2.2 FARLYLIFEHIS’K)RY

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

swim–up or feeding frY are the same as those required for other

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

slightly different.

Eggs are reared in standard Heath trays until shortly bei”ore yolk-

sac absorption is completed. They are then transferred to raceways
—
before they begin to “swim-up” to commence feeding.

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

“eyed” stage) occur in cold (60-80C) hater (Sk-ift 1965) . Before the

eyed s’~ge the eggs should be maintained in a darkened area and should

not be handledas  they are quite fragile. Fungal growth on dead eggs

during this period is generally a problem, but can be treated with a

standard application of malachite green. Once the eggs become eyed

(eYes become visible in the egg), they are more resilient and can be

handldo It is \’ery important that high water quality standards are

maintained throughout all early life histor)- stages (see Section

2.3.5). Kater temperature has the greatest influence on de~-elopnent and

sum-it-al of eggs and gro~.-th of juveniles, Swift (1965) reared Arctic

—
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charr eggs at temperatures ranging from 40 to 120C. The relationship

between temperature, hatching time and mortality is as follows:

Temperature (“C) h~S to Hatch % Mortality

4 97 6

6 76 8

8 54 14

10 41 90

12 36 97

In order to gain the best compromise between the number of C&W

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

temperature of ~oC is reComend~O Accelerated yolk-sac absorption,

earlier feeding and increased growth can be achie~wxi by maintaining

water temperatures at 100C from hatih until swim-up and 120C there-

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

to reach 1 g follok.ing  this regime as compared to the 4 months normally

required at a constant temperature of 6.5oC.

Baker (1981) ex-posed eyed Arctic charr eggs to temperatures of 6CI ,

80, 100 and 120C. At 100C surnrival of eggs and alevins remained high

(89%), while at 12@C surn-ival fell off to less than 50%.

The overall estimated mortality of wild eggs im~rted to the

Fisheries and Oceans, Rockwood IZ\_perimental  Hatchery from Labrador and

Norway in 1980 ms 10-15%, ~’ith an additional 10-15% mortality occurr-

ing between ale~”in and fry stages. Baker (1983) and M. Papst (Fisher-

ies and Oceans, h’imipeg, personal communication) have both reported

that loss of indi~’iduals  due to cannibalism had occurred, althow~h this

was never directly obsert.ed.

In a first attempt at the de}-elopnent  of a brood stock of Arctic

c.harr, Papst and Hopk~’ (1984) reprted a mortality of 83% to the eyed

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

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

charr, better timing and co-ordination of maturity within and bet~’een

sexes, correct enx-ironmental manipulation and the use of hormones to

induce maturity can be employed to significantly reduce egg mortality,

I
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Increases in .suxx’i\nl of eggs at the Rockwood Hatchery have since been

documented (M. Papst, persoml communication ) .

2.3 FACIXX?S AFFE(X’ING~

Many factors, both en}rironmental and genetic af feet growth rate

and efficiency of food utilization of fish. The most important factors

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

independently, rather they combine to operate synergistically, affect-

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

increase growth rate and food ration requirements, however these

changes will be temperd simultaneously by changes in fish size. The

process of growth is a complicated, interactive one dependent upon many

factors.

Each of the major factors ~hich influence grohth rates; tempera-

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

First, their general influence, followed by an evaluation of their

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

source and quality, fish health and genetics will be discussed as they

relate to Arctic

2.3.1 Effect of

Temperature

charr,

Temperature

is the most important en~’ironmental factor influencing

the growth and acti~-ity of fish. Because fish are cold blooded, their

rate of acti~-ity is directly determined by temperature.

At low temperatures all physiological activities including growth,

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

such a point is reached where further increases in temperature will not

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

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

growth temperature,

The optimum grohth temperature, as k’ell as the temperature

over which high rates of grohkh are achieved, differ widely

salmonid species,

range

among

The optimum temperature for growth of .krctic charr is between 120

and IS°C (Sh-ift 1964, h%.nds~-ik and Jobling 1982, ljraiwan 1982 and Baker

-
!

I
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1983) , relatively

temperatures range

for rainbow trout I

the first

180(3) ~d

at 40 and

water in

7

lower than for most other sahnonids.  (lptimumgro~h

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

Brett 1979, Hokanson et al. 1977). Swift (1964) was

to culture charr over a wide rarge of temperatures (40-

found that growth was highest between 120 and 140C and poor

l~oco ~n~.-ik ~d Jobling (1982) rearing charr in fresh-

No-y at 3 . ,  8.5. ~d 130C Observed  that grofih  and feed

intake was highest at 130C. Uraiwsn (1982) compared the growth rates1

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

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

(2.0% body weight/day) at 100 C, exceeding that of both the brook and

rainbow trout (1.8%/day).

In an extensi~”e  stu~y Baker (1983) grew two different strains of

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

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

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

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

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

of the rainbow trout howe~-er exceeded those of the charr at 140C and

remained high at 190C.

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

the charr increased from 10.2g to l15g in approximately 14(J days (Table

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

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

model given in 13aker (1983). To produce a charr of mean weight 250g an

additional 55 days growth under similar conditions would be required.

.41thoWh charr have a lower optimum temperature for growth than

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

groh_th than other salmonids at this or lower temperatures. Arctic

charr do

at lower

rate of

close to

not appear to be better adapted or suited to intensive culture

temperatures than other salmonids. To achie~’e the highest

growth possible, culture temperatures should be maintained as

the optimum growth temperature for charr as possible,

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

raise Arctic charr in a commercial production system utilizing waste
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heat and water

at an initial

for 209 days.
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recirculation. Charr were stocked in 1500 litre tanks

size of 2.2g and raised at a mean temperature of 13.30c

Mean weights and specific growth rates for the cha.rr

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

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

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

rate of l.0%/day, it is estimated that an additional 45 days would ha~-e

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

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

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

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

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

variation in growth rate has also been o-bserved by Jobling and h’and.s~-ik

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

Reinsnes (1986).

At lower temperatures, the time required to achieve market size

increases greatly. Based upon data provided by hkuxis~~ik and Jobling

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

(iIOC, it would take approximately 510 days to grow a fish from 2g to

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

achieve market size for ex~ery degree that average culture temperatures

are belo~” the optimum range.

As the study by Papst and Hopkey (1983) was a first attempt at—

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

ated. Reduced handling stress, better temperature control, extended

feeding times, experience and other factors h-ill reduce the time
>

required to produce a market sized product.

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

ture range o~’er h-hich high growth is maintained also exists between

strains of .%rctic charr. Baker (1983) found that charr from Labrador

maintained si.qificantl~- higher grow-th rates and food conversion

efficiencies o\7er a k-ider temperature range than did charr which

originated from Norh-ayo

In summary,the optimum temperature for grok-th of Arctic charr

appears to be between 1’20 and 130C, howe~’er  the rate of gro~-th can vary u‘N’
, s
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considerably depending upon genetic differences (the origin of the

particular strain) and en~-ironmental differences such as the type of

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

and other factors.

2.3.2 Food Ration

Food ration requirements of fish depend primarily upon temperature

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

less food is required by the fish to satisfy these demanda, AS

temperatures increase, metabolic processes become more efficient and

more energy becomes available for growth, however nutritional demands

also increase, Above the optimum growth temperature, food ration

requirements remain high but growth is reduced due to the decre=~

efficiency of food utilization. Thus food conversion efficiency or the

efficiency with which the fish converts food into flesh is greatest

nearest the optimum grok-th temperature.

2.3.2.1 Food Conversion Efficiency

Food con~-ersion efficiency, commonly represented as the feed to

gain ratio, is calculated by di~-iding  the total weight of food fedby

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

more efficient the conversion of food to flesh. .4 fish with a

fe~:gain ratio of I.~ will gain I g of weight for every 1.4 g— of food

fed. Considerable differences in feed:gain ratios exist ~tween

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

and food conversion efficienc}- depends not onl}- upon quantity of food,

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

charr from the Fraser River in Labrador were much more efficient

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

(2.1:1). Tabachek (1984) has found similar, considerable differences

bet~-een strains as well as substantial differences in Conver=lon

efficiency of charr fed different diets. Feed:gain  ratios \-ari&

between 1,4:1 Up to 2.4:1 for Sunndalsora charr, dependi~~ upon the

diet (Table 3).

I
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2.3.2.2 Nutritional Requirement
In a limited stud.., Jobling and Wandsvik (1983c)  concluded that

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

that a commercial trout food would satisfy the
charr. Tabachek (1984) however suggests that
tional requirements, nutritioml tolerance to

digestibility exists between trout and charr

nutritional demands of

differences in nutri-

dietary ingredients or

and possibly between

strains of charr. Interstrain differences in carbohydrate and protein

requirements have been previously demonstrated for rainbow trout

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

Tabachek (1986) presented Arctic charr hrith nine different diets

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

protein more efficientl.v~-ith an increase in dietary lipid, and that

maximum weight gain and food conversion efficiency occurred at the

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

a ratio of 44%:20% k~s less expensive, prcducing the lowest feed cost

per unit weight gain, however growth rates were 6,8% lower. The

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

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

and %ndsm-ik (1983) , nutritional requirements of charr ma]’ not be

optimall~- satisfied by commercial trout food. A higher protein:lipid

ratio may be required.

Selection of a strain of Arctic charr ~-hich has demonstrated a—
high feed:gain ration and emplo>-ment of a diet formulated to the

specific nutritional requirements of charr is essential to the commer-

cial success of an}- aquiculture operation.

2.3.2.3 Size Effects
The nutritional demands of fish also chmye with size. I-ourlg,

smaller fish require a relativel)- greater amount of food as a propor-

tion of their WY weight, than do larger fish.

Standard feeding tables ha~-e been developed to satisfy the

specific demands of salmonids k’hich dictate the amount of food required

to be fed to the fish, based on water tem~rature and mean weight of

fish (Table 4 after Hilton and Slinger 1981). For example, at 120C a

,

,

t

I

I

I
~
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fish ha~”ing a mean weight Sg should be fed 4. 3% of their body

weightlday. If the tank contains 10,000 fish, 2.15 kg of food should

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

Feeding tables have been developed prinarily  to satisfy the nutri-

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

that the quality of focal 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 modified to suit the specific demands of Arctic charr as more

exqxzrience  in their culture is gained and adjustments according to

genetic (strain) and environmental differences are incorporated. ,A

feeding table developed for charr will improve food conversion

efficiency and reduce cost.

2.3.2.4 Feeding Frequency

The frequency with which

Young, swim-up fish should be

reduced to 8-10 times per day

fish are fed also affects growth rate.

fedup to 20 times per daY. This rate is

for fingerlings (<~g), 4-5 times per day

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

1971). Frequent feeding of fish for shorter durations ~-ill decrease

~.astage and increase growth. Hilton and Slinger (1981) recommend that

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

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

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

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

3,3.

2.3.3 Effect of Fish Size on Growth

Generally, a fishes growth rate declines ~’ith a progressive

increase in

h’eight/day;

6%/day at

1%/day over

There

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

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

the optimum groh-th tem~rature, but decline to less than

2oog.

is a fairly well established log, linear relationship

between declining growth rate k-ith increasing loge size. This

!

,

I
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relationship seems to be consistent for a wide variety of sa~onldso

Brett and Shelbourn (1975) have suggested that a slope of -0.41 (+/-

.04) is characteristic of the family. The form of the equation is as

follows:

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

Thus the decline in loge (growh) varies directly

increases in IOge (weight). The greater the increase in

more reduced the growth rate. The intercept ‘a’ will varY

environmental differences (i.e. temperature, ration)

according to

weight, the

according to

and genetic

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

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

Several studies have teen performed ~fiich examine the relationship

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

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

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

slightl}. lower than the rate of -0.41 described by Brett and Shelbourn

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

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

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

growth rates at larger sizes than other salmonids and thus maybe

better suited for culture to larger sizes.

2.3,4 Variation in Size and Growth

During experimental gro~th trials it has been found that a

tremendous variation in grow-th  rate and size develops (Jobling 1983a,

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

Reinsnes 1986). These size distributions are remarkably similar

despite differences in strains and conditions. They are characterize

by having a number of large, fast grok-ing indi~’iduals, a wide r~me of

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

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

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

1983).

I

I

I
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This great size variation represents a serious obskle to the

commercial success of hctic charr culture. Multiple harvesting

periods to harvest fish as proportions of the population achieve market

size will increase labour costs and the increased handling stress will

reduce overall growth rates. In addition, if 20-30% of the population

does not achieve market size in a reasomble amount of time, a consid-

erable amount of potential, tank space, food, time and money are lost.

Reasons as to why this wcurs are complicated. Jobling and

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

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

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

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

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

occurred. Larger fish maintained unusually high grok-th rates while the

small fish continued to perform poorly. Thus it appears that social or

hierarchal factors are not the sole basis for the wide variability in

size and growth, but a great deal of the variability can be attributed

to genetic factors.

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

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

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

fish represent ‘fast’ growers and small, old fish represent ‘Slok,J

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

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

in a hatchery en~-ironment can largely be attributed to the large,

natural \’ariation in size and grohth rate which is inherent to wild

populations.

To overcome or at least minimize this factor, a genetic selection

program must be establish h-ith the aim of reducing the large varia-

tion in growth. Rainbow trout for example, ~-hich have been reared in a

hatchery over se~’eral generations and are considered to have become

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

growth, have a high sum.i~,al  rate and ha~-e become adapted to the

hatchery ern.ironment.  This is howel-er, a long term solution to the

problem.
z
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Over the short term there are several measures

Refstie and Kittelsen (1976) have shown that

which can be taken. ~
I

territoriality and !

aggressive behavior of salmonids is reduced at higher densities.

Culturing charr at high densities may reduce the social hierarchal

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

exhibiting low growti rates. Because charr are a gregarious species by

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

other salmonids. Recently, Baker and ~yles (198’7) have demonstrated

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

growth and food conversion efficiency rates than other salmonids at

similar densities. The benefits of exploiting this ability maybe

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

that variation in size may be reducd. Culling of “small” fish in the

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

the time required for the population to reach harvest size.

It must 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 meet the different and often unique require-

ments of Arctic charr.

2.3.5 Density

The

of fish

at which

density,

density at which fish are cultured is usually measured as kg

per cubic metre of water volume (kg/mq). —The optimum density

a species should be cultured is not necessarily at a low

where growth rates are highest. Rather, culture densities

which are “acceptable” depend upon predetermined production goals such

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

quality. The optimum culture density will generally be the density

which provides for a very high yield while maintaining good growth

~’ithout compromising fish health and kxater quality.

As densities increase from 10K (5-10 kg/ins) to high 060 kg/ins)

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

food conversion efficiency (Burrows 1964, Fenderson and Carpenter 1971,

Brauhn ~ Q. 1976, Refstie and Iiittelsen 1976, Refstie 1977). The

increased density of fish per unit ~~olume causes an increase in the
@
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reduces food conversion

lowers water quality.
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between individuals which increases stress,

efficiency (due to greater competition) and ~

Each of these factors contribute to a decrease

Unlike other salmonids, Arctic charr respond differently to high

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

ities. Recently, Kolbeinshavn  and Wallace (1985) reported that high

stocking density of charr was not a significant factor affecting growth

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

They also reported unpublished findings by Wallace ~ Q. (1986,

unpublished) that young charr were not stressedby high densities in

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

and .Aretic charr in parallel growth trials at initial densities ranging

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

growth rates of rainbow trout declined linearlyas density increased

and that the growth of Arctic charr was cu-ilinear, increasing with

densityto an optimum between 40 kg and 60 kg/ma, suffering only a

slight decline at the highest density tested. This response was

consistent for th-o strains of charr over a h’ide size and tem~rature

range. Only .4rctic charr have shown a positive correlation between

grokth 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 natumlly more suited

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

~v aggressive behavior or attempts to defend territories at high

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

rainbow trout was sev-ere, particularly at densities exceeding 25 kg/ma .

The Arctic charr suffered no fin erosion whatsoever, even at the

highest densities. Thus fish quality and presentability of charr are

high and can be maintained despite high densities.

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

(85 k9m3 ) in the stud..- by Baker and A,,les (1987) presumbly occurs for

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

~
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pounded with the effects of low oxygen and increased armnonia

will eventually cause a decline in growth and food conversion.

levels

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

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

great (Baker and Ayles 1987). Higher initial and fiml stocking

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

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

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

Papst, Freshwater Institute, persoml communication). Growth at high

densities can only be achieved if high water quality standards are

maintained.

The ability of charr to perform well at densities higher than

traditional lel-els 040 kg/ma) represents a tremendous advantage to

fish cultu.rists as higher stocking levels result in a more efficient

use of available tank space and increased yield.

2.3.6 Loading Rate

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

“loading” and is expressed in terms of weight of fish (kg) per litre

per minute inflow (kg/litre/min) . Optimum loading rates vary according

to water qualit}- and culture system (flow through or recirculation),

but range between 0.5 to 1.5 kg/litre/min (Bnmhn et al. 1976). Fish———
reared in single use systems can withstand greater loading levels.

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

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

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

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

available for growth.

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

four times psr hour is ideal. A greater turnover rate will not allow

for the settli~d of solids h’hile lower turnover will result in low-

density reari~d. The relationship between flow rate, loading and

density (Table 5) given different le~.els of water quality has been

illustrated by h-esters (1983). High water quality allows fOr greater

5
Is
;C



I
—

17

loading and density levels, a lower turnover rate

greater yield.

2.3.7 Water Quality

Water quality standards for aquiculture purposes

very few natnl water supplies meet all the

and ultimately, a

are very high

requirements

and

for ~

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

water quality ranging from pH, to oxvgen, metibolites,  minerals and

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

free water source will provide an environment which will maximize fish

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

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

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

and temperature in a land based aquiculture facility than a cage

rearing facility. In either case, ~=ter quality standards will remain

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

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

culture as compiledby the U.S. Environmental Protection Agency which

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

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

ants or undesirable organisms will adversely affect growth, food

conversion and sun.i~’al  of fish, thus reducing the economic ~riability
—

of the enterprise.

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

it i s often necessary to pre-treat the water to

and physical characteristics (Westers 1983). This

ing ox~”gen concentrations, degassing (nitrogen,

carbon dioxide), removal of suspended solids

control) .

improve its chemical

may involve increas- 1

hydrogen sulfide and

and buffering (PH

Water must be present in sufficient quantity to supply the

necessary amount of o\T-gen to the fish and to remo~-e vaste products, as

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

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

the event that e>.qxinsion  of the existing facilities is desired.

T
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Each of the major water quality parameters will be discussed

separately in the following subsections. A discussion and comparison

of wter quality data for Jackfish Lake to accepted standads will be

pro~rided in Section 4.2.

2.3.7.1 @gen

Oxygen concentration is one of the most important water quality

parameters in the culture of fish. OxTgen levels will natumlly vary

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

biochemical processes occurring in the hater. The oxygen demand of

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

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

velocity, temperature, growth rate and age (Klontz St Q. 1979).

The amount of dissolved oxygen in the water (ppn) shouldbe

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

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

Osygen levels below 5.0 mg/1 will result in a considerable loss of

growth and increased mortality (Wedemeyer snd Wocd 1974, Kesters and

Pratt 1977).

Current information suggests that Arctic charr may be more

resistant to lower ox~gen levels than other salmonids. Swift (1964)

exposedArctic charr to water
—

and found that growth rate was

in 100% saturatwl water. In

Mer and ~yles (1987), oxygen

tested were only 5.2 ppn, yet

high.

High oxygen levels can be

aeration devices, providing

which was only 50% saturated with oxygen

not significantly lower from fish raised

growth experiments conducted on charr by

concentmtions at the highest densities

growth rates of the charr still remained

maintained through the use of mechanical

supplemental oxygen and through proper

management of tank conditions (density, flok’ rate).

—
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2.3.7.2 Anmmnia

Ammonia is one of the Mjor metabolic waste products of many

aquatic organisms, including fish. This nitrogenous waste is produced

as a consequence of protein deamination and will vary in quantity

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

Thurston et al. 1981). Ammonia occurs in two forms. .A nontoxic,

ionized form (M+) and a very toxic un-ionized (NH3-N) form. The

ratio of W+ to M-N is both temperature andpH dependent (Trussell

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

water increases with temperature and pH.

Un-ionized  armnonia levels in excess of 0.012 mg/1 causesa

thickening of gill lamellae khich decreases oxygen uptake, resulting in

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

it to nitrate &tiich is non-toxic (NQ-N). This is accomplished in

recirculating systems by vitrifying bacteria, which offers the most

practical and economical means of ammonia remo~-al (Burrows and Combs

1968). During vitrification, ammonia (Km-x) is first convertedto

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

quently by Nitrobacter, to nitrate (NOa -K ) Which is completely- harmless

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

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

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

units containiu~ these bacteria are ~.ery efficient at converting

ammonia to nitrate in recirculated water.

2.3.7.3 Nitrogen

The concentration of nitrogen gas (?+ ) in water depends solely

upon temperature and pressure. Under normal circumstances it is

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

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

be very harmful to fish (Daily and Economon 1983). A re~-iew of gas

supersaturation problems has been pro~’ided  by Keitkamp and Katz (1980).

In nitrogen supersaturated hater, gas emkoli develop in the fishes’

blocd vascular system which can cause a reduction in grokth and food

conversion or eh-en death. 7

i:l
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2.3.7.4 pH

The optimum pH level 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 susceptibility of fish to troth infectious andnoninfec-

tious diseases. Slightly acidic waters also have increased dissolved

carbon dioxide, mineral and organic acids which will reduce the

buffering capacity of the water (Klontz et al. 1979).

2.3.7.5 Alkalinity or Hardness

The minimum acceptable alkalinity (as CaCOs) is 20 mg/1 u’ith a

maximum of 200 mg/1 (Daily and Economon 1983, Klontz ~ al. 1979).—

Calcium is required for metabolism, which is mostly satisfied by the

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

tory and osmore.~latory  actikrities. CaCQ3 is also effective in

bufferi~~ the effects of contamimting  substances. Hard water is more

productive, ~-hich would benefit a cage culture operation in that

natural food sources may be more abundant.

2.3.7.6 Heavy Metals

There are many hea~v- metals

fish health and condition, growth

which can have deleterious effects on

and feed conversion even at

levels. The concentration at which different hea%-y metals

affect fish also \“ary (Table 6). Cadmium, arsenic, copper,

~danese are all particularly detrimental to fish culture.

2.3.7.7 Organic and Chemical Contaminants

The petential contamimtion  of the hater supply as a

industrial, agricultural or municipal acti~-ities is a genuine

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

very. ~ow

~~ersel>.

iron and

result of

threat.

low-level

input into the drainage system or, as has recently been disco~-ered, ~-ia

long range transport in the atmosphere. Most contaminants such as

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

remain in the en~-ironment  for a ~.ery long time. These compounds may be

almost undetectable in the water, but o~-er time become deposited and

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

operation to Jackfish Lake represent a petential inter quality hazard.

Leeching of chemicals, FCB’s and heavy metals such as arsenic through

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

ultimately to the resident fish population. In addition, the presence

of the NCFC electrical generating station on the north-east shore of

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

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

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

considered when determini~d the location and type ofaquaculture

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

resident fish ppulation for the presence of organic or chemical

toxica.ntswas instituted in February 1987 and shouldbe continued for

at least one year.

Preliminary results of hea~~- metal analysis of water samples from

Jackfish  Lake and a scan for organic contaminants 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 volume of high quality

water is the most important factor determining the potential and

\-iability  of an aquiculture operation (Castledine 1986). The design of

an aquiculture facility will depend strongly upon the source and

quality of the available water supply. The facility should incorporate

those elements designed to minimize the limitations or constraints

imposed by the witer source ~ well as optimize the qualities avail-

able.

Surface water sources, such as from Jackfish Lake, are usually

undesirable as a primary hater source. Water temperature, dissolved

oxT-g’en, suspended solids, pH, minerals and other parameters can

fluctuate dramatically both \.ertically and seasomlly. Being es~sed,

surface water is also vulnerable to pollution or contamination.

Ideally, the water source for a fish culture operation should also be

I

—
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fish which would elimimte the possibility of disease

2.3.9 Fish Health

.Arctic charr are susceptible to a variety of diseases which

commonly affect both wild and hatchery reared salmonids. C2xmnon

diseases include bacterial kidney disease (13KD), infectious pancreatic

necrosis virus (IPNV), furunculosis, abacterial disease of the skin

and whirling disease, caused by a prasitic protozoan.

The effects of disease are more easily observed and more strongly

felt in a hatchery environment than in the wild. The high density and

great stress imposed upon hatchery fish increases both susceptibility

todisease andtheease of transmission. Fish which become infected

~-ith a disease such as IPN1’ and survive, become life long carriers of

the disease able to pass it on to other groups of fish or through the

egg to subsequent generations (Hill 1977, Hnath 1983).

The most effective and only sure means of control of IPNV and

other diseases is avoidance. This requires the incubation of disease

free eggs and the propagation of disease free stock in an uncontamin-

ated water supply. V“ery few k-ild stocks of Arctic charr from which

fertilized eggs can be obtained are known to be disease free.

Arctic charr from six sites in four river draimges in the

~fackenzie River basin were collected and assayd for IPNI’ bY Souter ~

Q. (1986). They found that the virus ~W present in fish from all

locations with a frequency of infection of’ at least 44%. Thus it

appears that

slope rivers

subsequently

western .Arct:

the Mackenzie Ri\rer drainage and J’ukon and .Alaska  north

are not a suitable source of Arctic charr. IPNT’ has also

been identified in charr from several other areas in the

c as well as BKD in charr from the eastern Arctic (B.

Souter, Fisheries and Ckeans, Western Region, personal communication).

The Department of Fisheries and Oceans, h“estern Region, Rockwood

Experimental Fish Hatchery is the only North American facility main-

taining se~-eral stocks of Arctic charr. In 1978 charr from ?iauyuk Lake

on ~ient Peninsula,

River in Labrador

li.W.T. and in

were imported

1980 and 1981 charr from the Fraser

to the hatchery. Arctic charr eggs

I
I

I

I
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were also received from Norway in 1980. Each of the stocks were

certified as keing disease free~ however their export from the hatchery

is prohibited because BKO has been identified in the rainbow trout

present in the hatchery.

Strategies for preventing or controlling the outbreak of a disease

must be developed. Several important elements of disease prevention

include the reliable detection of disease carriers, knowledge of how

pathogens are transmitted, development of effective methods to limit

the entry of pthogens or carriers into clean fish cultural facilities

and to avoid environmental conditions which might allow a disease to

become established (Griffiths and Warren 1983).

The most important facet of disease prevention is to restrict

impartation 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 ~-irtually eliminated.

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

stressed by poor environmental conditions kill also si.mificantly

reduce susceptibility to disease.

It is not lmown to which diseases Arctic charr are particularly

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

this regard. Immunization, Later treatment techniques and attempts to

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

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

Their specific application to Arctic charr is unknown.

2.3.10 Genetics

Arctic charr are genetically, still considered to be in their ~-ild

or undomesticated state. \T1rtUllv n. selecti%-e breeding of charr to

improve commercially important traits has been performed to date, Yost

experimental work with Arctic charr has been Perfonnd on~’ild stocks

which have been brought into a hatchery either as eggs or f~y (Swift

1964, Wndsvik and Jobling 1982, F%pst and Hoph~- 1983, Jobling and

Reinsnes 1986). The ex~loitation of genetic differences between

populations or strains, selecti~’e breeding, crossbreeding

—

and inbreed-

I
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ing are ali important techniques as means of improl-ing commercially

important traits.

Large and rapid gains

selective breeding! as large

moderately short generation

(Gjedrem 1975b), The degree

in production traits can be made through

phenotypic >’ariation,  high fertility and

interval alloh’ for very intense selection

to which such characteristics as su.m-ival,

fecundity, egg size and growth rate are heritable, are also \’ery high.

Through selective breeding one can expect substantial, rapid improve-

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

disease resistance, and maternal or egg related qualities.

Hybridization within and betb~een salmonid genera has also been

employed in order to attempt to improve production characters.

Chevassus (19’79) gives an extensive re~’iew of the success achieved thus

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

crossed several species of salmonids  and found that in most cases the

hybrids involving Arctic charr had higher growth rates but lower

hatching success than the other h~-brids  or pure strains.

One of the most important factors when initiating a commercial

aquiculture operation is the selection of a suitable strain of fish.

The judicious selection of a strain which ma}- possess certain desirable

characteristics, or is best suited for a particular en~”ironment  w’ill

offer immediate benefits to the fish culturist without
—

selective breeding. Large \-ariations in growth rates,

efficiencies, sur~-ival and other parameters have been

generations of

food conversion

shown to exist

between strains of fish (.AYles  and Baker 1983) and Baker (1983) has

shown that the \.ariation in specific growth rate, food con~’ersion

efficiency and ration requirement was at least as great between tk-o

Arctic charr strains as between .Arctic charr and rainbow trout.

The opportunities for selection of a certified stock may be quite

limited. This factor howe~rer remains of the highest importance and

ex-ery effort should be made to e~-aluate  at least two geographically

distinct strains.
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EVALUATION

specific protein, lipid (fat), and \-itamin and mineral

requirements which must be satisfied by the diet in order to maintain

good health. When basic maintenance nutritional demands are satisfied,

the extra energy consumed becomes available for growth.

Different diets vary kth in composition and in quality and

quantity of ingredients. The specific nutritional requirements of each

salmonid species have not been determined and many different diets have

been manufactured to satisfy the gene~l requirements of salmon or

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

for the maximum feed conversion efficiency and growth rate possible.

Several of the commercially manufactured diets which are a~-ailable

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

all trout or salmon diets w-ere suitable, depending upon the strain of

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

!lills trout feed pro~-ed to be an excellent food source for Arctic charr

from Labrador, but has inadequate for charr from Norway. Therefore it

is recommended that initially, at least two different diets be

evaluated. Nutritloml deficiencies become manifest as increased

feed:gain ratio, poor grok-th, increased mortality and other sl-mptoms.

A list of the

of nutritional—
Slinger 1981),

The cost

s~mptoms displayed by salmonids, which occur as a result

deficiencies are presented in Table i (after Hilton and

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

production cost. It is therefore important to pro~-ide a feed that not

only satisfies nutritioml  requirements, but is also economical. The

following sections will briefly discuss the general nutritional

requirements of Arctic charr and feed types a~-ailable, followed by an

evaluation of the economic benefits and technical feasibility of

pro~-iding a food source manufactured locally, \’ersus a commercially

manufactured trout food.
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GENERAL NUI’R1’’I’1CNA.L  ~

The four major nutritional groups which are represented in all I

manufactured diets are protein, lipid, carbohydrate and~”itamin and !

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

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

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

slower,

growing

k-ill be

have a lower protein

fish. Requirements

discussed separately.

and lipid requirement than do small, fast

of each of the major nutritioml groups

3 . 1 . 1  P r o t e i n

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

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

require at least twel%-e essential amino acids, the building blocks of

proteins. Unfortunately, \-egetable  proteins which are most economical

source, do not pro~”ide all of these amino acids so it is necessary to

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

ti~-e protein sources include animal by-prcducts such as poultry by-

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

such as sol-bean or corn gluten.

Diets which are relatively higher in animal protein sources are

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

which salmonids have a relatively low tolerance. The availability of

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

Lake fishery has the potential to pro~”ide a large proportion of the

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

fish silage must still be supplemented ~-ith a high quality fish meal

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

3.1.2 Lipid

Lipid or fat pro~-ides tk-ice the energ~-

protein. It is also important in cell membrane

(Hilton and Slinger 1981). There are a >-ariety

per unit ~-eight than

function and formation

of different types of

fatty acids which are re~uired by fish. They differ from one another

~

. ~’
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their degree of saturation and position of double bonds

atoms.

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

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

pro~”ide high levels of essential fatty acids and seem to pro~’ide for

improved growth rates than fish fed vegetable oils.

The ratio between protein and lipid also seems to be important for

Arctic charr. In a study by Tabachek (1986) .4rctic charr performed

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

employed in salmonid diets (35% protein:10% lipid). It is b e l i e v e d

that the higher amount of fat present is utilized as an energy source

before protein is, lea~”ing more protein a~”ailable for growth (Reinitz

and Hitzel 1980, Clarke ~ Q. 1982).

3.1.3 Carbohydrate

Carbohydrates do not naturally occur in the diet of wild Arctic

charr and the requirement for carbohydrates are subsequently low.

Economically, it would be desirable

(carbohydrate) source, but due to

carbohydrates, it normally does not

diet.

3.1.4 Vitamins and Minerals

to use cereal grains as an energy

the low tolerance salmonids have to

comprise more than O% to 10% of the

There is a wide range of \“itamins  and minerals which fish require

to maintain good health and condition (Table 7)! how-ever the exact

quantities of each are not known for fish. Essential \-itamins and

minerals are mixed (premixes) and combined ~-ith the remaining dietary

ingredients represent between one and t~’o percent of the diet.

\’itamin and mineral premixes are essential ingredients in both

comiiercially  manufactured diets as well as diets

from fish or fish by-products. These premixes

bulk quantities by commercial feed companies

specifications.

manufactured primarily

can be manufactured in

according to supplied

i

I

I
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3.2 FEED ’IYPEs

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

essential difference between the different

moisture content. The uses, advantages and

wet, moist or dry feeds k’ill be discussed in

3.2.1 Wet Feed

Wet feed consists

ground meat. J’itamin

binding agents (i.e.

together. Ket food

types of f e e d  i s  t h e i r

disadvantages of utilizing

the following sections.

simply of ground whole fish, fish parts or other

and mineral supplements may be added, as well as

h-heat middings) to make the food “stick”

contains approximately 80% moisture, 8 - 10%

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

converted very inefficiently because of its high water content. Feed

gain ratios of fish fed wet feed range from 5:1 to 7:1. Net 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 a~’ailable.

Wet feed is very palatable and can be economical, however it has

many disadvantages. Preparation of wet feed requires special machinery

and is T’ery labor intensive as four times the amount of wet feed must

be fedas dry feed. The ingredients are also highly perishable and

must be recei~wd f“resh e~’ery day or frozen. ket feed also breaks do~n

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

recommended for use in tanks or racehays.

3.2.2 Moist Feed

Moist feeds are manufactured with a combination of wet fish or

fish b~--products  and dry ingredients. Dry ingredients include fish

meal and oil, \’egetable meals, binders, minerals and \-itamins. Raw

fish are minced and combined with the dry i~gredients, mixed and

extruded to form moist pellets.

~~oist feed has a ~-ater content of only 20 - 25Yq and is conx-erted

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

is \-cry palatable and can be easily manufactured on site on a daily or
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weekly basis as required. Refrigeration or freezing of moist feed and

wet ingredients is necessary.

Capital costs of equipment required to manufacture a moist feed

w-ill be discussed in Section 3.5.

3.2.3 Dry Feed

Dry feed is manufactured from a mixture of fish meal, fish oil,

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

middlings, choline chloride and mineral and \.itamin premixes.

Manufacture of dry feeds require large, e?qxmsive equipment such as an

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

crumbli~u, an extruder, pelletizer and drier. Total cost for this

equipnent is estimated to be $220,000 to s250,000 (Dr. C. Frantsi,

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

is not economical for most aquiculture operations to manufacture their

owndryfeeds.

There are many commercially manufactured dry feeds a~”ailable. The

major suppliers of trout and salmon feeds are listed below’:

10

2.

3.

4.

5.

6.

?lore

Martin Fom3 !lills Trout Feed, Elmira, Ontario

.Abernathy Salmon Diet, Buhl, Idaho

~“er Foods Inc., Buhl, IWO

Zeigler Bros, Inc., Gardners, P..4.

Purina Trout Chov, St. Louis, Niss.
—

Sterling Sil\’er Cup Trout Feed, Nurray, Lt.ah.

feeds manufactured in Canada should become available w-ith the

increase in the nun’ber  of salmon farms on the east and west coasts.

Composition of the diet \“aries according to both the manufacturer

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

ingredients which are t)~ically present in dry feds is pro~’ided in

Table 8, Feeds containing s~mthetic ingredients such as canthaxanthin

can be purchased which h-ill gi}-e a red color to the flesh to make it

more presentable. hl-.ile fish fed s~-nthetic carotenoids  can be marketed

in Canada, their es~rt to the L:,S. is forbidden. Choice of a dry feed

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

charr have a higher protein to fat ratio requirement, therefore choice
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of a dry feed for initial e~’aluation  should k based upon the per-

centage of protein and fat contained in the diet.

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

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

higher levels of essential nutrients by weight than any other food

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

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

for Arctic charr fed a commercially manufactured dry feed.

3.3 TYPES OF FEEDERS

Fish can be fed either by hand, by mechanical, automatic feeders

or by demand feeders. Feeding fish by hand allows close monitoring of

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

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

quality), are also easily recognized by hatchery personnel. Feeding

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

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

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

Automatic feeders dispense a prescribed proportion of the kil.s

food ration at set intem-als. There are a I.ariety  of t~-pes of

automatic feeders available. Food can be broadcast from trays

suspended over racewa~”s,  from “m.nnon like” feeders using compressed

air to disperse feed or from hoppers suspended over a spi~ing disk.

If the automatic feeder broadcasts food uniformly o~rer the tank it can

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

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

or cage culture facilities.

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

By stimulating a pendulum suspended h-ithin the tank a small volume of

food is releasd. The more the fish stimulate the pendulum, the more

food is deli~-ered. Demand feeders require no power, can reduce labour

and maintenance costs and ensure that fish recei>-e  food onl~- ~<hen they

are hungry ~.hich subsequentl)-  increases feed gain:ratios.

I

I

I

I
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3.4 EVALUATION OF CCMMERCIA.LLY MANUFAClllRED FEEDS

3.4.1 Source

There are numerous sources of commercially manufactured fish feeds

and an abbreviated list is pro~-ided in Section 3.2.3. One of the major

Canadian producers of high quality fish fed is Yartin Feed Mills,

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

it is a reputable Canadian company which produces a satisfactory feed

for Arctic charr (Tabachek  1984, 1986).

3.4.2 bst and Volume

AS discussed in Section 3,2.3, there are sex’eral types of feed

available. Prices vary according to pellet size and formulation,

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

The total estimated amount of dry feed required annually to raise

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

(Appendix 2). Following is a breakdown of estimated

\’olume requirements of starter and grower feeds during

again assuming a feed:gain ratio of 1.5.

annual cost and

full production,

Proportion ?lean Cost Estimated Total Estimated
per25kg Volume (kg) Total Cost

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

85% Grower $15.35 41,438 s25,443.00

Total 48,751 s31,220.00
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.At lower or higher feed: gain ratios, annual feed costs will be reduced

or increasd accordingly as illustrated below.

Feed:Gain Total Annual
Ratio Feed Cost

1.3 $27,057

1.4 s29,139

1.5 $31,220

1.6 S33,301

For delivery of the feed to Yellokimife, Martin Feed Nills 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 Yellowkmife  would be approximately $15,745.

.tinold Bros. Ltd., h“innipeg, has also contacted

estimate for the cost of shipping a years suppl}-

Yelloh-hnife. Prices quoted are as follows:

to pro~-ide an

of feed to

—

Guelph to Edmonton $7,200

Edmonton to Yelloxknife  – $5,100

Total Cost $12,300

Therefore, the minimum total cost, including transportation for

one >-e2r1s suppl~- of commercially- manufactured dr~’ feed delivered to

J’elloxknife is s43,601 (assuming a feed:gain ratio of 1.5:1).

3.4.3 Availability

Commercially mmufactured dr~- feeds are readily a~-ailable in large

quantities year round, !lain+-ining sound records and allohli~d

sufficient time for manufacture and shipping k-ill ensure that shortages

of a particular feed or feed size do not WCUI-. q

LSi
c!
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3.4.4 Hand_ling and Storage Requirements

Dry feeds do not require refrigeration or freezing. They are

treated with an antioxidant and hermetically sealed in plastic bags to

prevent breakdown of the fish oil and loss of ~-itamins. It is

important that dry feeds do not become damp or wet which would result

in loss of nutrients and mouldy feed.

It is recommended that

ensure maximum quality.

refrigeration or freezing.

dry feeds be used within six months to ~

Their shelf life can be extended with

i~~redients requires

and extruders, large

3.5 EVALUATION OF IZCALLY M4NUFACIWRED FEED

?Ianufacturiuo  a moist or wet feed from raw

specialized equipment such as grinders, mixers

efrigeration or freezer capability, and experienced personnel, high

quality supplemental ingredients and above all, a reliable source of

fresh or frozen fish on a year round basis.

A moist feed for sh-im-up and small (<12 g) fish cannot be

economically manufactured on site. Specialized, expensive equipment is

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

required for >-oung fish. A commerciall}- manufactured starter feed

would still ha~-e to be imported for fish of < 12 .g.

The following sections e~.aluate the technical and economic aspects

of each of the abo~’e requirements, followd b?- an o~-erall  e~.aluation of

the feasibility of rmznufacturiwd a moist feed locally.

and a \’arietJ-  of

to gi~-e the propa

AS discussed in

3.5.1 Diet Formulation

To manufacture a moist feed requires fresh fish

supplemental ingredients dlich must be included

nutritional bahnce and consistenc}- ‘.0 the feed,

Section 3.2.2 a moist feed is recommended o~’er a wet feed because of

its high palatabilit}-, its nutritional quality and low moisture

content.

The specific diet formulation of a moist feed I{ill ~-ary accordi~~

to the type of fish and other ingredients a~’ailable  as well as the

species for ~:hich it is being manufactured. A general formulation as
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pro~.ided by Dr. C. Frantisi (Connor’s Bros. Ltd. , Black’s Harbour,

N. B.) who has ex~rience in manufacturing moist feed for Atlantic

salmon and more recently Arctic charr, is as fol.

45% raw fresh or frozen fish (whole

35% fish meal (herring or capelin)

6% fish oil (herring)

044% choline chloride

12-13% binder (wheat middlings)

1-2% ~’itamin  and mineral premix

Ows:

or parts)

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

tulibee, k’hich is an abundant trash fish of the Great Slave Lake

fishery. The remaining irgralients  are a~-ailable in bulk from most

commercial animal feed manufacturers. If specific quantities of all

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

can be mixed and bagged in Kinnipeg or Edmonton and shipped to

Yellowknife. This mixture (55% of the total weight) can then be

combined with the raw fish as required to obtain the correct dietary

formulation.

3.5.2 Equipnent Requirements andtist

The equipment required for manufacturing a moist feed can be

satisfactorily supplied —b}. manufacturers of industrial food processing

equipment such as the Hobart ?Ia.nufacturing Co. Ltd. in Don Ylills,

Ontario. The manufacturing process requires that the raw fish be

ground into small pieces, mixed w’ith the supplementary i~oredients and

ex+.ruded through dies of varying diameter to produce different sized

feeds of a hamburger like consistency.

Approximately 165 kg of feed would be required per day based upon

the proposed design (Ap~ndix 2). This could be manufactured on a

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

at least 50 ins \’olume is recommended for feed storage.

Additionally, the fish must also be pasteurized before mixing with

the My ingredients. This is dme for txo reasons. L’sing raw,

unpasteurized fish greatl~- increases the risk of introduci~d  a disease

into the resident fish population and secondly, che \-iscera of ra~’ fish

—. ——
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contains an enzyme called thiaminase. Thiaminase  breaks down the

\-it,amin  thiamine in the feed ~tiich causes a thiamine deficiency in the

fish resulting in convulsions and neuritis.

Total costs for the required equipment as supplied by Hobart is as

follows:

5 hp 4146 Meat Grinder $5,223

V-1401 Mixer (including
bowl and beater) s21,496

424(WI) E..truder S9,105

TOT.%L s35,824

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

Supplementaral dr~’ ingredients are available in bulk year round

and their supply is guaranteed. As the supply of trash fish is

expected to be sporatic it is recommended that large \-olumes of fish be—

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

occur.

3.5.4 Annual Cost of Manufacturing Feed

Based upcm an annual production of 32,500 kg of Arctic charr and

assuming a feed:gain ratio of 2:1, 65,000” kg of moist feed would ha~’e

to be

would

At a

manufactured. Approximately- 7,212 kg of this total requirement

ha~-e to be fulfilled b>- a commerciall:-  ~nufactured starter fed,

mean cost of so.79/kg, this represents a cost of S5,777, plus

I

I

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

ingredients.

Feed - Rite ?lills, Winnipeg was contacted to pro~-ide a cost

estimate of supplying the required supplementar~- i~eredients in bulk

quantities, premixed and bagged. Following is a cost breakdown b}’

ingredient as quoted by Feed - Rite Mills:

Total
$/kg \-olume (k) cost

35% Herring ~leal 0.84 20,195 $16,934

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

12% Wheat }liddlings 0.27 6,924 $1,869

2% Choline, Vitamin
and Yineral ~emlx 0.93 1,154 $1,073

TOTAL 31,735 $25,692

TO supplement the dry ingredients raw, trash fish must be

purchased regularly. According toMr. D. Stewart,

Fishermen’s Federation in Hay River, N.K.T., fish and

be a~railable at a cost of approximately, $0.2j/~d

President of the

fish offal would
I

on a sporadic,

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

ably higher, For a required estimated \-olume of 25,g65 kg fish per

annum, the total cost of the rah-, trash fish is s6,491.

,N!
!~i
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Therefore, the total estimated cost of manufacturing a moist feed

in Yellowknife is s43,060 and is broken down as follows:

Cost of Raw Fish $6,491

Cost of Supplementary Ingredients $25,692

Cost of Commercial Starter Feed $5,777

Transportation Cost of Dry
Ingredients from Ediionton !$5,100

TOT.AL COST s43,060

treated with an antioxidant

3.5.5 Storage and Handling Requirements

The dr}- supplementary ingredients are

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

immediately or frozen. The final manufactured pellet can be refriger-

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

minimum of one to th-o weeks supply of feed should be kept on hand in

the e~-ent of a shortige of raw fish.

3.6 C0ST~RISONB13TWEENMANUFACIIJRIDAND CCMMERCIALFEEDS

The total cost of importing a commercially manufactured feed,
—

including transportation is s43,601. per year. Total cost including

purchase and trans~rt of all ingredients of a locally manufactured

feed is approximately s43,060. Note that capitil costs for equlwent

purchase and labour are not included.

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

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

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

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

i~~redient ratio does not affect perfo nnance, this will further reduce

feed COStS and supply the Great Sla\.e Lake fishermen ~i~h a ~im,ited

~rliet for ?heir trash fish.
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4.0 PHYSICAL SUITABILITY OF JACKFISH  LAKE

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

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

spruce, poplar and birch (Roberge and Gillman 1986). The lake has a

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

precarnbrian shield lakes it is relatively unproductive.

The following sections Kill assess the limnological  and biological

suitability of Jackfish Lake to support an intensive culture facility

for Arctic charr.

4.1 LIMNOLCGICAL ASSESSMENT

4.1.1 Seasonal Temperature Regime

The follow-ik~ evaluation is based upon information collected from

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

Jackfish Lake is a dimictic lake xhich circulates freely from top

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

summer and in}-ersely during the winter.

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

freel~- and water temperatures rose uniformly throughout the lake (Fig.

4a). B}- mid–?fay the lake began to stratify ~-ith surface waters (11oC)

becoming warmer than bottom waters (90C). This warming continued

rapidly through the spring and early summer until surface h-aters  were

upto60 - 70C warmer than bottom waters.

During the summer, surface water temperature reacheda ma..imum of

19CC and the lake became stratified to a depth of 6m. Bottom water

temperatures r~~ed htween 1OOC and 160c on 13 Mayand 22 Amst

respect ix-e 1:-.

~1- the end of .August water temperatures had begun t. decline and.

kind action had mixed the lake to a uniform temperature of 16GC to

~-i~hin 1 m of the bottom. Rapid cooling and complete mixing continued

to C)cc!ur and b:- the end of September the lake ~;as a uniform 80C (Fig.

4a) . This uniform cooling continued until the mid to end of&tober
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when freeze up occurred. During the winter, water temperatures r~ded

from OOC to 3.00C at the bottom (Fig. -lb) .

During the present winter sm-ey (February 1987) w=ter temperature

r-~ from OOC at the ice . water interface to 2.00C at the bottom

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

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

of snow was 1.0 to 1.2 m in depth.

4.1.1.1 Effects of Water Temperature on Cage Culture

Fish cultured in cages in Jackfish He would occupy space in

approximately the upper 5 m of w’ater. Between the end of ?Iay and early

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

generally in excess of the optimum gro~.th  temperature for .Arctic  charr.

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

achlev~at 130C ad the fe~:gain ratio wo~d double. The problem

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

in cooli~ it, Cooler water from the bottom 1-2 m would ha~-e to be

brought to the surface through the use of mechanical aeration de~”ices.

Rising air h-ill “drag” water L-ith it to the surface, reoxsgemtirg it

at the same time. Hok7e\’er, the bottom kater is \pirtually depleted of

ox~-gen (Fig. -la) and contains a high concentration of hydrogen sulfide

(HzS) which is toxic to fish. It is not known if’ mixing with an

aeration sYstem w-ould overcome these problems.

In winter the water in the ~-icinity of the cage culture operation

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

electrical generating station and be circulated continuously with an

aeration system to prevent freezi~~. If freezih~ can be a~-oided, water

temperature would remain \-cry low (1°-40C) because recirculation will

keep the water in continuous contact ~-ith ~-ery cold air. At these

tem~ratures,  Arctic charr k-ill not feed and Kill suffer a net loss of

‘weight.
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4.1.1.2 Effect of Water

Arctic charr raised

’10

Temperature on Tank Culture

in tanks or raceways in a hatchery exist in a

more controlled en~-ironment  and are not subject to the seasonal and

vertical fluctuations in tempemture to which cage reared fish are

expsed,

During the winter, tanks can be supplied ~ith the proper mix of

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

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

highest levels.

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

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

temperatures, the hatchery’s k-ater intake \-al\’e should be adjusted

vertically in the water column in order that water nearest the optimum

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

tures which fluctuate dramatically both vertically and seasonally are

buffered and their effect on gro~th ameliorated.

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

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

?~ethods t. r~uce temwratures and sulphur dioxide levels would ha~’e to

be investigated.

and abundance of ox~-gen

quite closely. During

circulated and comes in

4.1.2 Seasonal Oxygen Regime

The annual fluctuation in the distribution

in the hater column follows that of temperature

the spring and fall, the entire hater column is

contact ~’ith the surface and is oxygenated to near saturation.

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

warm, surface hater) becomes cut off from the h~-polimnion (the cooler,

bottom water), Ox~-gen concentrations in the circulating epilimmion

:erlain relati~-ely high h’hile the h}-polimnion  komes anosic k-ith an

oxygen concentration near zero mg,’1 (Fig. la). Eecause the volubility

of o.sygen in the water also de~nds upon temperature, less ox~-gen is

dissolved in the harm epilimnion,  onl}- 6-8 mg/1. This approaches the

lower limit of 5 mg-/l ~-hich iS required to pre~ent respiratory stress

and to maintain fish health, Duringthe L-inter after ice formation,
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generation of ox~rgen in the lake occurs as a result of a very

of photosynthesis. The continued respiration of aqmtic

animals and decomposition of organic material depletes much of the

a~’ailable ox~”gen, particularly in the bottom l-2m (Fig. 4b). Should

oxygen leVek become lok’ enough, mortality of fish can result.

4.1.2.1 Effects of Oxygen on Cage Culture

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

epilimnion ranged betw-een 7 and 9 mg/1 which is mrginal for cage

culture purposes. Given the increased ox~’gen demand by fish stocked at

relati~’ely  high

rate, there is

hold limit. To

densities in a small area and metabolizing at a high

a risk of reducin$g  ox~.gen concentrations to the thres-

pre~-ent oxv-gen depletion of the water, especially

during the summer, an aeration system would be required to os~genate

the entire water column.

During the xinter, ox--gen concentrations under the ice ranged from

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

water could be maintained and circulated, sufficient o~~-gen might be

present, however the presence of h}-drogen sulfide ma}- pose a hazard.

Cages cannot be maintained irlta~t in the ice through the winter as

they would be easily destroyed.

—

4.1.2.2 Effects of Oxvgen on Tank Culture

Incoming warm water gained from the electrical generating station

~.ill be very low in oxygen content due to the low volubility of oxt’gen

in water at high temperatures (a mximum of 7.0 mg/1 at 350C). There-

fore all incoming water derived from the NCR station and from the lake

must be o}:ygenated in order to satisfy the high ox~-gen demand of fish

reared under intensive aquiculture conditions. This should be per-

formed regardless of season as the process of o:~-genation  will also

release gases khich are harmful to fish, such as nitrogen (Nz ) and

hydrogen sulfide (H2S), into the air, Tnis procedure is very simple,

efficient and inex..nsi~~e.

.~ greater degree of corltrol can therefore be achie~-ed  in maint2in-
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ing high ox~~gen concentrations in a land based operation than a cage

culture facility.

4.2 WATER CHEMISTRY

Lake water samples were collected from the surface and from within

1 m of the bottom at each of’ the five sampling locations on Jackfish

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

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

addition, the

metals (Table

Jackfish Lake

(Table 12) and

established b}-

6).

water was analyzed for the presence of dissolved heavy I
11). These are compared with data collected from

by the Department of Fisheries and Cceans during 1977-78

compared to acceptable maximum limits of water as

the L-.S. Environmental I?rotection .Agency (1979-8(!) (Table

4.2.1 Evaluation of Dissolved Minerals

.\ll essential ions and dissolved

and pH I

minerals examined from hater

collected from Jackfish Lake in 1977-78 (Table 11) and in 1987 (Table

9) fell within U.S. EPA (1978-79) k=ter quality standards h-ith the

excep:ion of calcium levels which were slightl}-  lower than recommended

(Table 6).

Equilibrated pH levels howet’er were extremely h~. Before the

samples had equilibrated in the lab (by allowik~ CQ to escape), pH I

le~rels a~-eraged 7.5, normal for most l~~es (Wetzel 1975), During

equillibration, le~els rose and stabilized at a PH of 10.2-10.3,  At (
these very high le~wls, the concent~tion  of unionized ammonia (?Wh-!i)

exceeds lethal limits to fish, Reasons for the high equilibrated pH \

lel:els are not lcno~.m and no ex~lanation can be offerred for these
I

XI, Stalnton,  hqxmtment of Fisheries and @cans, ~“inni~g~resiilts (Mr. . . .

Later chemistr~-  Smtlon). It is strongly recommended that further

Icater chemistr~- anal~-sis, particularly on pH and ion bal~ce &

performdm

1N/s— — :C
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4.2.2 Hea~ Metals Analysis

Generally, levels of the heavy metals iron, lead, copper and
magnesium from water collected in February 1987 (Table 11) fell within

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

masimum acceptable limits both during the present sum-ey and during the

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

11 and 12). The levels observed are not signifi-tly in excess of

recommended limits andw-ould not be ex~ted to represent a threat to

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

from near the bottom are generally higher than from surface h’ater

samples which indicate that the sediments act as a trap for hea~~’

metals. %diment samples w-ould be es-ted to have considerably higher

concentrations of hea}T- metals (Wagemann et al. 1978).

High levels of arsenic in lakes from the l-ellowknife  area have

been pre~-iously documented (Wallace and Hardin 19’75, Wagemann et al— — ”

1978).

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

mini~d operations of k-hich there are several in the ~-icinlt~. of

Yellowknife. Arsenic is ~-ery soluble in hater, and becomes abundant in

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

particles, During 1975 arsenic lel.els were measured in aquatic

in~.ertebrates, sediments, macrophytes and— water from lakes near

l’ellowknife by Wagemann ~ Q. (1978). Aquatic arsenic concentrations

as high as 5,5 mg/1 were found in ham Lake k’hile levels up to 2.4 g/kg

dry weight (2400 ppn) of zooplankton  were observed. There was ho~’ever,

considerable \-ariation  in arsenic concentrations with time, location

and species.

L@’els as high as these were not observed from water samples

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

su~ey (0.14 mg/1), ho~’e~’er they still significantl~-  exceed [;.S. EP.A

acceptable limits (0.05 mg/1) (Tables i] and 12). \-er}- little 1S knohm

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

It is also not knokm if exqmsure to chranic levels of arsenic such as

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

relationship between arsenic and the age and size cf fish kno~.m. F
‘s-.
L—
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Despite l“er~” high le~-els of arsenic in the ~~ter and in the

herbivores, arsenic does not seem to become concentrated in carnivorous

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

e~-idence of bioaccumulation  through the food chain to higher trophic

levels, for example b}- in~-ertebrates  and fish. Howe\~er, as intensively

cultured fish k-ould not be consuming a natural food source, this might

limit the amount of arsenic incorporated in the tissue.

h;allace  and Hardin (1975) examined whitefish and northern pike

from Iiam Lake and found a maximum le~-el of 3.2 ppm (mg/kg) in pike

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

Regulations (1S79), the maximw accep+~ble le~el of arsenic in fish

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

commercial sale, although just barel}-. Further study on the relation-

ship betu’een dissol~-ed aquatic arsenic Iel-els and the size and age of

fish is strongl}-  recommended.

4.3 Fish Health

Six lake whitefish and txo northern pike collected on 26 February

1987 from Jackfish Lake ~’ere e?:amined for the presence of protozoan,

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

Kinnipeg, Fish Health Section. SD pathogens were detected t’rom these

fish and they ~ere ju~ed to We “disease free”. A larger number of

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

of the resident fish population can be made.

4.4 Tissue Analysis of Hydrocarbon and organochloride Contamination

~~uscle tl~sue samples of the northern pike and k-hitefish species

captured were exmined for the presence of h}-drocarbon  and organo-

chloride cent.amlnation, These ~.-ould result from chronic, lo~ lel.el

~r~und~;ater  or ~-la a~r~c)rne t rzmsyfirt, .At the ti,me of publicat~on,
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and ?.T-lene were found in both species k’hich are belie~-ed to have become

introduced as a result of long range atmospheric transport of

industrial pellution. The levels of hydrocarbons found in fish from

Jackfish Lake are no higher than for fish found elsewhere in isolated

lakes in North America (Dr. D. Murray, Fisheries and~eans, Winnipeg,

personal communication) .

—

—,

d‘;c
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NCPCJACKFISHLAKE

held with NCR

ELECTRICAL GENERATING STATION

staff at the Jackfish Lake

station on February 24, 1987. The Jackfish Lake

station has two diesel fueled generators, each with a maximum

electrical generating capacity of 5 mega~-atts. The majority of

Yellowknife’s ~wer demand is supplied by the 30 Nh” Snare River

hydroelectric station. The diesel generators at Jackfish Lake there-

fore only supply supplementary pwer during peak pericds and normally

do not operate between June and.4ug~st. In addition, an expansion of

the Snare River generating station is planned which may reduce the

demand for poxer from the Jackfish Lake f“acilit?-. However, staff of

the Jackfish IAie facilit~-  espect pwer output to increase during the

next several }-ears, In 1986-87, 3,300,000 litres of diesel fuel were

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

million litres in 1988-89.

During normal operation, the station produces 11,250 l/rein of 360

to 5(Y C water between September and MaJ-. However, the pump which

$ circulates water through the station functions continually on an annual

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

mittent generation of xaste heat by the Jaclifish Lalie station must be

considered in the design of an aquiculture facility.

—
I
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6.0 EVALUATION OF CUL’lURE SYSTIMS

The following sections k’ill examine the relative advantages and

disadvantages of cage culture and M cult~e x they apply t.

Jackfish Lake. A brief summary and e~”aluation 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 en~-ironment where fish are contained h’ithina

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

6.1.1 Capital Investment

The capital in~’estment

requirement is minimal and

anchors) are low. However,

for a cage culture facility is low. Land

cost of materials (nets, flotation, dock,

feed storage and refrigeration facilities,

cleanikd equipment, \“ehicles, sampling gear and processing facilities

~-ill be comparable to a

of a heat exchanger

regulators and control

facilities.

— 6.1.2 Opemtioml Cost

Operational costs

tank culture operation. In addition, the cost

(to gain heat from the effluent), pipi~, flow

mechanisms k-ill ha~-e to be pro~’ided for both

of a cage culture facility are slightly lower

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

lights, less heat is required to heat buildi~s, and the cost of

maintenance is reduced. Raiuced maintenance costs will also reduce the

cost of labour slightly.

A significant reduction in relati~-e labour costs can only be

I

I

achie~”ed throkgh the

operates 24 ho~rs per

present 10-12 hours per

incurred during har~”est

economy of scale. An aquiculture facilit}-

da>-, se~’en da~’s a week. Staff must nor-mall}- be

da~- ~.-ith some prm”ision for additional costs

or for emergencies during off-ho~-s,

.1 high degree of securit~- must also be present duriwd off-hours to

pre~-ent thef”t or \-ar&lism.

Lk..i



—

I—. —.

I

I

I

I

I

!

I

48

6.1.3 Maintenance and Monitoring

The effort involved in the maintenance and care of a cage culture

facility is fairly low. Re=gular  attention must be paid to the physical

condition of the cages so that rips or tears do not go unnoticed xhich

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

intem”als so that algae does not build up on the mesh, thereby reducing

circulation.

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

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

reduction in growth or feed conversion and increased mortality are

easily observed and may indicate a potential en~-ironmental or biolog-

ical problem. Remo\-al  of mortalities is ho~e~-er, slightl}-  inore

difficult.

6.1.4 Water Quality

The water quality of lakes are

found in Wis. Pro\-ided there is

w’ater through the cage, ox~.gen

metabolic wastes are lower

pumping of water is required,

exist.

generally of higher quality than is

adequate circulation or movement of

levels are higher and concentrations of

because they are carried awa}-, As no

the risk of a supply failure does not

Water depth must be at least 6m over a substantial area with a

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

in several areas (Fig. 1), being 7’-8 m deep relati~’ely near shore.

Howe\-er, according to NCF12 station staff at Jackfish Lake, the lake is

subject to fluctuations in depth, ~-ith h-ater levels dropping from 1-2 m

in dry }-ears. This factor combined with the anoxic conditions kfllich

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

~-inter could possibl~- reduce the effecti~-e, reliable depth to 4-5 m,

whic’h is insufficient  depth f’or cage culture purposes.

The combinatim of an ele~-ated nutrient load surroun~-ing the cases

and insuf”f’icient  ~irculation (~-hich is a strong possibility qi~-en the

mall size of the lake and lack of inflow. or outflo~’) increases the

risli of e’~trophication and de;-elopi~g  an algal bloom, Should this

occur, the possibility- of a “sumiierkillM situation exists, ~’hereb}-  the

I

I

——. -. —- &l
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algae suddenly dies off and its decomposition depletes the avaiiable

ox~-gen. This would result in a high 10SS of fish due to Oxv-gen

stark”ation. To minimize this risk, an emergency air supply wou

to be a~-ailable to circulate and re-ox~-genate  the h=ter.

6.1.5 Growth and Yield

d have

Growth rates of fish raised in cages are generally higher than

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

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

Densities in cages rarely exceed 30-40 ~u/ms, compared to densities in

excess of 80–100 lig/ms in tdis. Consequently, yield on a ms basis is

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

large lolume cages.

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

cages over the winter, fish would ha~’e to be ham-ested before freeze-

Up. The combination of low, fluctuati,lg  summer water temperatures and

short growika season ~~ould not .wara.ntee the fish will achie~-e market

size in

coincide

lower.

one season. If the fish did achie~-e market size, they would

with the har~est of w-ild charr and the market price would bo

6.1.6 Environment

En\-ironMental conditions present at Jackfish Lake die the

feasibility of developing a cage culture operation ex-tremely 10W. Ice

thickness on Jackfish Lake \’aries between 1 and 2

anoxic conditions existir@ h-ithin 1-3 m of

the k-inter. Water temperatures wouldbe

an~- gro~-th would be ex-tremely lok’. Faeces,

wastes L-ould accumulate in the water and

the bottom

ow, no more

ex-cess  food

sediment in

m in depth h’ith

durirg much of

thm ‘JO-JO  ,  ~d

and nitrogenous

the \-icinit}- C)f

the cages, causing a significant 10SS cf xater qualit}-d’~e  to the lacli

of circulation.

The area of open ~’ater surrounding  the effluent outlet of tile <CFT

electrical generating station during Februa.r}-, 1936 Las smali, less

than 800 mz. The area of open water required far a small opratien af

six 10 m cages woiild be approximately 2’2’75 m~. Temperature data from

I
I

I

I
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station 5, w-ithin 100 m directly offshore of the ice edge, h’as not

significantly different from hater temperatures elsewhere in the lake

(Fig. 4c).

Handling of fish during the winter for censusing,  inspection,

transfer or disease treatment would be very difficult. Water coating

the delicate gill filaments h’ould quickly freeze extensively damaging

gill tissue, impairing respiration and causing death.

During spring break-up shifting ice driven by high ~inds could

cause extensive damage to nets and the s-qprting frame resulting in

the possible escape of all fish.

6.1.7 Disease

There is a moderate risk of d.isease occurrirg amongst fish reared

in ~ges in

resident fish.

\-iral disease

spread through

freshwater, particularly in an enl’ironment containing

The existance of a parasite, protozoan, bacterial or

in the resident population increases the risk of its

the cage reared fish. Proper fish husbandry practices

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

the t;F and severity of the disease.

6.1.8 Predation, Theft and Vandalism

Loss of

as tink and

pre~”ented by

loss of all

prevent.

fish due to predation, from birds and small IIHIUldS such

muskrat is a common problem. Predation from birds can be

placing string or a removable mesh over the cages but the

fish as a result of a hole from a muslirat is difficult to

Poaching of fish from cages can also represent a si=~ificant  loss

of ptential ~-ield, which, combined with the ~-ulnerabilit.y  of cages and

fish to vandalism, demands that a securitl- s?-stem be instituted to

prex.ent unnecessary loss.

6.2 Tank Culture

Tank culture is the general term applied TO any of a X-ariety of

fish holding Facilities such as

and SilCS of I-arying size and

or fi.wr~lass. These sl-stems

—

raceways, circ.ukr or rectan-gular  tanks

construction, ‘usually- concrete, plastic.

are all land. based and occasionally

I

I

I

I
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only a cold water source is a~”ailable, it is recircul-

temperatures and maintain a high degree of Controi.

The amount of fish which can be grown is limited by the \’olume of h=ter

a~-ailable. Recirculation will increase the amount of water availabie,

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

breakdown of the system.

6.2.1 Capital Investment

Capital irn”estment in a land based tii or raceway system is \.er}-

high (Table 13). Land costs, buildi~~s, rearing systems, construction

costs, plumbi~d and wiring, backup generators, vehicles, pumps,

aerators and other miscellaneous items were estimated to cost approxi-

mately S11O,OOO in 1985 in Ontario for a modest aquiculture facility

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

in 1988 or 1989, capital irn-estment might run between S200,000 :0

S250,000.

The major expenditures w’ould be property, ‘building construction

and purchase of reari~u facilities. A significant reduction in capitol

casts can be achieved through the use of 10X cost rearing units (such

as Culk-erts) h.ithin simple, inex~nsi~e enclosures. These can be

constructed of a hea~-y fabric material stretched over a metal frame and

partiall~-  insulated (?l.papst,  personal communication). —

Pumps and plumbing required to recirculate hater, temperate

control mechanisms, aerators and a bachwp generator are unavoidable

costs. This facility however imparts considerable environmen~~

control capabilities, a particularly desirable characteristic gi~ren the

severity of the northern climate.

Capital costs for vehicles, feed manufacturing equipment, a feed

storage facilit~-,  a freezer facility , cleaning and processing equipment

h-ill be similar for both cage and tdi cultur-e operations,

In addition a security s}-stem  would be required to alert staff in

the event of ~an electrical ar t~ater SG;rpl>- failure h-ihich wc~uld result

in ~l<=lfic.mt losses of fish.

The high capital casts associated L-ith this type of operatiori  must

be held to a minimum if it is to be economicall~-  \-iable.

\

I
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6.2.2 Operational Costs

Operatioml costs of a ‘di s~rstem are slightly higher than for a

cage culture facilit}-o The amount of electricit}- required to pump

water, and pro~-ide lighti~d is considerable, Building ~lntenace,

tank cleaning and other factors will also increase iabour costs.

6.2.3 Maintenance and Monitoring

The degree of maintenance and monitoring of a ?ecirculati~u

culture system is relatively high. Ikintenance of equipment (p~ps!

generators, aerators,

ammonia levels and flow-

of contrc]l and secu~it}-

it}- and espnse.

6.2.4 Water Quality

etc.) and monitoring of temperature, o:.~zen

rates are required.

pro~-ided  compensates

Hcwe\.er, the greater lex’el

for the increased eonplex-

h’ater quality parameters in tanks or racexa}’s can & maintained at

an acceptable le~el by the effective removal of suspended solids and

metabolic ~.astes and reoxl-genation  of the ~-ater.

In single pass s}-stemss, ~~ter is circulated onl?- once, so that the

fish recei~re fresh ~ater exclusi~.ely  thereby maintairii~q high xater

qualit>-. This is onl:- practiced h-here there are very large volumes of

water a~-ailable of a suitable temperature for rapid growth. fi Canada

as most of our ground hater is cold (60-80C)  all :’ear round a signific-

ant proportion (20-30%) of the annual operating budget would be

consumed by heating costs (A..-les ~ ~. 1980, !’ldiown and Seireg 19~3).

Recirculating 90-95% Gf the hater minimizes fresh xater demand ~hile

providing large savings in heati~d costs. The increased cost and

maintenance of a recirculating system is justified in most cases

because recirculating water imparts a high degree of en~-ironmental

C’ontrol, stock manageir,ent,  and disease control (>luir 1981, !lc!ioLm  and

Seireg 1983) .

The output of the $CIZ ;ackfiskl ‘d:e electrical generating station

could. potentiall}- sacisf>- th~ totiil thermal demand of a facility

located ?h?re. Eio:4el-er, a rion-scheduled shutdowm of the k-aste heat

scmrce ~-ould result in a complete exch~ze of cold k.ater inthetanks

I

I
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CaUSII_@ a severe themal shock and possible

~ g-l. 1980).

tank would act as a buffer to ameliorate the effects of a shutdown o~’er

se~eral hours. The effects of variable thermal output b}- the station

as k-en as seasonal differences in lake water temperature would also be

minimized. In addition, management and control of

treatnent of diseased fish would be facilitated

treated water would be increased twenty fold.

6.2.5 Growth and Yield

the water supply and

as residency time of

Despite slightly lok’er mok-th rates of fish in tanks zhan in

cages, the densities at ~hich fish can be raised in tanks are at least

double that of cages. Yield on a

considerably higher. Based upon the

2), between 5 and 6 harvest periods

ro+~tional system has the abilit}-

cubic metre basis is therefore

proposed 40 tank system (Appendix

per year are possible. This

to pro~-ide a constant, consistent

supply of fresh charr which is not possible in cages. The ability to

prcnide fresh fish to brokers, restaurants and retail outlets reliabll-,

is an important f’ac”et to a successful commercial operation.

6.2.6 Environment —
The en~-ironment in a tank or raceka~ is under strict Control by

the aquaculturist. water temperature, flow rate, water quality, light

amd other en~-ironmental  factors are easily manipulated. The fish are

not exposed to the en;-ironmental  or seasonal extremes in heat and cold,

icw conditions, fluctuating ~;ater temperatures and light, to which they

would be exqmsed to in cages. Should the water source become polluted

{due to an oil spill or chemical dump) the inlet so’urace could ‘be

relocated and intake \-olumes reduced in order to filter or at least

minimize the effects of such an occurrence.

I

I

I

I
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6.2.7 Disease

The risk of fish reared in a tank or race~xy contracting a disease

can be less than fish reared in cages, if a high le~-el of water quality

is maintained. The opportunity of filtering or treating incoming water

exists in a tank facility where it does not in a cage facilit~,

Treatment of infected fish in a ttii is also easier and more ei’fective.

Again, it should be stressed that the most important facet of disease
1

prevention is a}-oidance through the importation of only “certified

disease free” fish.

Tank culture also allows different groups of fish to be isolated,

not onl~- from resident fish but from each other. In this way if one

.gr~up cf fj.sh becomes infected ~.ith a disease, the risk Gf transmission

betwen fish Gr through the water suppl}- is negated,

1
6.2.8 Predation, Theft and Vandalism

Although predation is not a factor in ‘d culture, ~~eft ~d

\’andalism

numbersof

a securitJ-

remain a consideration, Because hatcheries sup’prt large

fish in an extremely

s}’stem ~-ould ha~-e to

small area the?- are ~ery \-ulnerable  and

be established.

—
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7.0 CONCLUSIONS

1. The intensive aquiculture of .tictic charr in the ~orth~est

Territories is considered to be biologically and technologically

feasible. Jackfish Me appears tobe a suitable location based

u~n the a~’ailability of an abundant SUPPIY of waste heat,

convenient access to transportation and the presence of an

abundant source of trash fish from which to manufacture f’eed.

2. Based upon a~’ailable  ~~ater quality information, a definiti~’e

conclusion as to the suitabilit}- of the hater of Jackfish Lake to

support an aquiculture facility cannot be made. Arsenic le>’els

which e.xcwed t’,S, RA (1978-79) accepted sta.ndarck  and a suspected

pH imbalance may pose a threat to fish health and jeopardize

aquiculture opportunities. Further study on both of these aspects

is stronggly recommended.

3. Cage culture  of .Arctic charr in Jackfish Lake, N.h-.T. is n~t

recommended. The traditional risks associated I<ith cages such as

disease and hater quality combined k-ith cold xater temperatures, a

short gro~<ing season and the unpredictabilit~- and extremes  in

en~-iranmental conditions found in the n~rth

le~-el of risk. The potential for failure

of success.

cz-eate an unacceptable

exceeds the likelihood

~, A tamk or raceway system is recommended as heing the m~st

practical facilit}- in which to raise -~ctic cllarr” Such a

facility Kill pro~-ide  the high degree of en~-iro~men~l control

required for aquiculture in the .Arctic, reduce risk to an accept-

able ie~:el aric~ greater enhance ecor;omic  return. It is the opinion

of the author that ~~lese &neflts e:;ceed the deterrent of a high

capital in~-estment.
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5.

6.

7.

8.

9.

Despite the apparent biological and technological feasibilityof

aquiculture in the Northwest Territories, ultimately the success.

ful culture of Arctic charr depends upon economic considerations.

These include high transportation costs, high capital and opera-

tional costs in the Northwest Territories, high risk, an insecure

market, competition from other wild and aquiculture fish and

relatively low product \.alue.

The economics of a tank or racemiy culture system can only be

improved b~’ keeping capi+~l int-estment to a minimum. Inexqxmsive

reari~- and housing units for the fish should be located before

proceeding further.

To ensure that maximum growth rates are achie~’ed,  water tempera-

tures shouldbe maintained as near as possible to the optimum

growth temperature of charr (120-130  C).

Arctic charr should be raised to pan size (250 g) for introduction

to the market, Pan size charr kill not compete k-ith the wild

product and because gro~-th rates of larger fish are reduced, a

higher turnover is maintained resulting in a greater return,

k-ith the exception of capitol and labour costs, the~e is no

difference in the cost of importing a commercially manufactured

feed versus the local manufacture of a moist feed using trash fish

from the Great Sla\-e  Ldie fishery.

.4 moist feed should therefore be manufactured due to the greater

palatability and performance of fish fed a moist feed.

addition, z p~rtion of the mone>- spent for the purchase

manufacturing of the feed would stay k-ithin the communit>-.

In

and

— ——. ..—.—.
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10. Identification of

in the h-orthwest
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further suitable sites for intensi}-e  aquiculture

Territories should be based upon the following

preliminary in~restigations being carried out. These include:

i)

ii)

iii)

i\,)

1-)

l-iii)

Performance of a complete xater quality anal~~sis to

include essential ions, dissol~”d solids and hea~~- metals.

Analysis of tissues from resident fish species to

determine the levels of hea\T- metals and other contam-

inants such as pesticides, ~’s and other organic

toxicants.

Analysis of tissaes of resident fish for the presence of

pathogenic bacteria and \-iral organisms.

Access to a sufficiently large, reliable source of trash

fish from which to manufacture a moist diet.

Presence of a reliable waste or low grade heat source

to satisfy the total annual thexmal requirements

hatchery facility.

Ready access to con~’enient land and air transport.

KnoKledge of the

parameters such zs

and hydrodynamics.

Identification of

able

of a

depth, o>~-gen, temperature, salinity

potential hazards such as mines,

pipelines, toxic ~aste disposal sites, or facilities which —

might pose a threat to water quality.

~io Construction and implementation of such a facility, even if

‘uneconomical at this time, may become economical in the near

future. Development of the necessary technology will ha~-e been

accomplished and the facility could serve as a pilot - commercial

feasibility- operation ~.-’hich could be utilized and recei~-e limited

funding from interested inaustry and go~-emment a.gencles.
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1.

2.

3.

4.

RECOMMENDATIONS

It iS recommended that

FOR FUIURE SIUDIES

before an aquiculture operation is

initiated, the actual relationship bet~-een arsenic in thek~ter

from Jackfish Lake, hT.h”.T. and arsenic concentrations in the

zooplankton, and tissues of resident h.hitefish  and northern pike

be determined. The effect of the arsenic level in the kater on

the grohth and health of fish being fed a manufacture diet should

be fully researched.

Presence of the suspected pH imbalance and reasons for its

occurance should be elucidated. khether this condition actually

exists or ~-hether these \-alues represent an anomdly is not knohm

and additional

possible.

The collection

b=ter quality data should be collected as soon as

of general water quality and chemistry data f“roin

Jackfish Lake should be continued for a one year period.

It is recommended that an economic e~-aluation and m&rketi~ stuc@

of artificiall)- reared Arctic charr be performed. The local

demand for fresh charr during periods xhen they are not co~peting

~+-ith h-ild fish should be stressed in the study,

The temporal a~’ailability,  exact costs and logistics associated

h-ith p.urchasi~d fresh trash fish from the Great Sla\-e Lake fishmen

should be further int’estigated.

.-l minimuii of t~;o distinct, disease free populations of .tictic

?harr snouid be identified, These stocks sh~uld each be evaluated

no determine ~-hich st~-ain demonstrates the highest groh_th rate and

~he lowest feed:gain ratio and mo~talit:-  rate.

——
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6. The design for a completely functioning hatchery/tank culture

s}-stem, capable of producikd a minimum of 32,000 kg of fish per

year, with room for espansion, should be completed. All construc-

tion and equipment costs, and labour and operational costs should

be detailed for inclusion in an economic feasibility study.

—
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