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4.4 ADDENDUM -
ORGANOCHLORIDE SCAN OF FI SH MJUSCLE Tl SSUE FRoM JACKFISH LAKE

Total concentrations of organochloride conpounds present in nuscle
tissue from northern pike and whitefish collected from Jackfish Lake,
N.W.T. were low (Table 1) and well Within National Health and \Wlfare
gui delines for comrercial fish (D. Mir, Freshwater Institute,
Wnni peg, personal communication)

Arctic charr would be expected to have slightly higher
organochloride | evels than reported here however, due to the higher
fat:protein rati o of nuscle tissue of charr than either pi ke or
whitefish, but are not expected to be a problem

[t can be concluded that due to the low |evels of organochloride
conpounds 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 conpounds present in whitefish and pike nuscle
tissue collected from Jackfish Lake, N.w.T. on 26 February, 1987. All units are
inrig/lg wet weight (parts per billion. )

Conmpound* Pi ke Wi t ef i sh
CR7 0.18 0.29
HCH 0. 38 0. 96
CHIOR 0. 26 0.30
nnT 36. 36 24. 34
PCR-T 17.22 12.52
ARD 1:1 13.63 9.00
TOXA 10. 39 7.49
DTFINRTIN 0. 05 0.10
PCR’s
TRT 1.70 1.41
TETRA 4.84 4.05
PENTA 3.62 2.52
HEXA 4.14 2.75
HEPTA 2.39 1.48
OCTA 0.50 0.29
NON DEC 0.03 0.02
x (232 = chlorobenzenes
HCH = hexachlorocyclohexanes
CHIOR = chlordane - related conpounds
DT - mnT rel ated conpounds
PCR-T = total polychlorobiphenyls
ARD = PCR’s as Arorlor 1254-1260 equival ents
TOXA = toxaphene
TRT - trichloro - PR
TFTRA = tetrachlora — PCR
PENTA = pentachloro - PCR
HFXA = hexachlora - PCR
HFPTA = heptachloro - PCR
OCTA octachlora - PCR

NON/DEC nona, decachlora - PCR
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1.0 INTRODUCTION

Recently aquiculture , or the farmng of finfish, shellfish and
aquatic plants, has been identified by government and private industry
as an area with significant potential for new growth and devel oprent.
Integrati ng Canada’s abundant natural resources with the devel oping
science and technology of aquiculture can provide val uabl e opportuni -
ties for supplying the increasing Canadian export mnarket demand for
fresh fish, generating enploynent and creating new economi ¢ opportun-
ities.

worldwide, aquiculture is a rapidly expanding industry having
experienced a growth rate of 67%during the past decade (MacDonald
1985). The devel opment of aquiculture in Canada however, has been
limted and slow., Qur low level of aquiculture devel opment relative to
other countries, is due primarily to the abundance of our wild fish
resources and our environmental conditions. Canada produced only 6,000
tonnes of fish and shellfish in 1984 versus a total production of 1.24
million tonnes of wild fish. Contrast this with the 2.5 mllion tonnes
of aquiculture production in China the same year (MacDonald 1985) .

Aquiculture developnment is typically a long term process, charac-
terized by slow initial growth. There are numerous problens to be
overcome such as nutrition, disease, genetics anda technol ogy which
has been developed for specific application to a southern, tenperate
climate. Additional problens specific to Canada and the north exist
such as weather, transportation, high operational costs, cold water and
competition fromother fish (Ayles 1980, Table 1). Additional research
is required to develop a technology specific to aquiculture in the
Nort hwest Territories.

Interest in developing Arctic charr [(Salvelinus alpinus) as an
aquiculture species in Canada has been increasing due to its value,
l[imted availability and its uni que Canadian identity. Bi ol ogi cal
Arctic charr also mav be better suited to aquaculture in Canada than
nore traditional species such as rainbow trout because charr are wen
adapted to cool water, of which we have an abundance.




2

Intensive aquiculture of Arctic ~harr has recently been exanined
by researchers in Norway [Gjedrem and GQunnes 1978, Wandsvik and Jobling
1982, Jobling 1983a, 1983b and others) and in Canada (Baker 1983, Papst

and Hopky 1984). Initial results indicate that Arctic ~harr require
cooler waters than other salnonids and a high gualityv of food to
achi eve maxi mum erowth rates. | N Canada, DSt of our water is too cold

to provide for maxinum growth vear round and therefore nust he heated
to achieve optinmum growt h tenperatures. As energy and food require-
ments are the major costs of an aquiculture operation, these nust be
reduced if intensive culture of Arctic ~harr iS 10 be viahle. Use of
| ow grade or waste heat fromligquified natural gas conpressor stations,
mning or snelting operations and electrical (generating stations have
been identified as potential snergy sources Avles et al. 1980).

The purpose of this stud.. is to assess the biological and techno-
| ogi cal feasibility of intensive aquiculture of Arctic ~harr utilizing
waste heat generated froma Northern Canada Power Conmi ssion 'NCPC)
electrical generating station on 1Jackfish Lake, near yellowknife.
VL.W.T. (Fig. 1). This station operates at |east nine nonths of the
vear providingwto 11,250 L/rein of 400 ~ sater, which could be used
to supplement | ake water for the culture of ~harr either in -ases Or in
raceways.

This study al so avaluates ~elative technol ogical, econonic and
nutritional merits of sroviding a locally manufactured fish feed
derived from coarse fish, available in large quantities fromthe Geat
Sl ave Lake conmercial fishery, versus an inported, comercially
manuf act ured feed. Although this report addresses the specific
suitability of TJackfish Lake for Arctic -~harr aquiculture, these
results have a »road applicability to the general feasibility -f
intensive aquiculture of Arctic charr, utilizing waste heat, in the

Jorthwest Territories.

cwz)
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2.0 REVI EW OF TECHNI CAL | NFORMATI ON

Included in this section is a review of the technical information
pertaining to the intensive aquiculture of Arctic charr. This informa-
tionwas gathered fromall available published material, from unpub-
lished material kindly provided by individuals who work or have wor ked
with Arctic charr and from personal contact with individuals in Canada,
Scotl and, Denmark and Norway who are involved in aquiculture research.

Arctic charr have not been successfully raised in freshwater in
Scotl and or the Scandanavian countries. Nitety-five percent of all
aquiculture in these countries int-elves sea cage culture, primrily of
Atlantic salmon and rainbow trout. Arctic charr perform poorly in sea
cages (Gjedrem 1975a, Gjedrem and Gunnes 1978, and attenpts at their
culture exclusively in freshwater has not vyet been attenpted on a
conmerci al scale. Research on Arctic charr aquiculture in Scandinavia
is still inits early stages but is developing rapidly.

The following section provides a synopsis of the technical
information available on the intensive culture of Arctic charr. This
begins with the procedures which initially must be followed to obtain
and establish a source of Arctic charr, followed by a di scussion of the
bi ol ogi cal and physical environnental factors which affect growth and
devel opnent of arctic charr from early life stages to juvenile fish.

2.1 ARCTIC CHARR ACQUI SITI ON

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

Selection of an Arctic charr population should be based upon
previously known data in order that the risk of inporting diseased eggs
is mininm zed. The inported egge nust then be held in a quarantine
facility until certified disease free in order to elininate contact
with non—-di seased fish or eggs.

It is strongly recomrended that Arctic charr eggs are obtained

fromat |east twc geographically distinct populations (strains) so that

(0w =z |
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if a particular strain is infected with a disease, a source of eggs
would still be available so that production could continue. In
addition, it is desirable to evaluate the performance of different
strains under comercial aquiculture conditions in order that the
better strain can be utilized for production purposes. Furt her
information on obtaining a certified disease free stock of fish is
detailed in the Canadian Fish Health Protection Regul ations.

The basic biology or life history of Arctic charr is discussed in
Appendix 1. Arctic charr are fall spawners, reproducing primarily in
| akes between Septenber and Cctober, depending upon latitude. It is
during this tine that weather conditions deteriorate and becone
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 EARLY LIFE HISTORY

The facilities required in which to rear Arctic charr fromegg to
swim-up or feeding fry are the sanme as those required for other
salmonids, however the conditions under which charr nust be reared are
slightly different.

Eggs are reared in standard Heath trays until shortly betore yolk-
sac absorption is conpleted. They are then transferred to raceways
before they begin to “swimup” to comence feeding.

It is inportant that early devel opment of eggs (at |least until the
“eyed” stage) occur in cold (ge-8oC) water (Swift 1965) .  Before the
eyed stage the eggs should be maintained in a darkened area and shoul d
not be handled as 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 becone eyed
{eves become visible in the egg), they are nore resilient and can be
handled. It is very inportant that high water quality standards are
mai ntai ned throughout all early life history stages (see Section
2.3.5). Water tenperature has the greatest influence on development and
survival of eggs and growth of juveniles, Swift (1965) reared Arctic

w
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charr €9gs at tenperatures ranging from40 to 12c. The relationship
bet ween tenperature, hatching time and nortality is as follows:

Tenperature (oC) Davs to Hatch y Mrtality
4 97 6
6 76 8
8 54 14
10 41 90
12 36 97

In order to gain the best conpronise between the nunber of cew
required to hatch the esgs and the percent nortality of the eggs a
tenperature of &ec ig Tecommended.  Accel erated yol k-sac absorption,
earlier feeding and increased growmh can be achieved by maintaining
water tenperatures at 100C from hateh until swimup and 12e¢ there-
after. It is estimated that approximtely 6-8 weeks would be required
to reach 1 g following this regine as conpared to the 4 nonths nornally
required at a constant tenperature of g.50(.

Baker (1981) exposed eyed Arctic charr eggs to tenperatures of ge
80, 100 and 120C. At 100C cirvival of eggs and alevins remained high
(89%, while at 120 surv-ival fell off to | ess than 50%

The overall estinmated nortality of wild eggs imported to the
Fi sheries and Cceans, Rnckwond Experimental Hatchery from Labrador and
Norway in 1980 was 10-15% with an additional 10-15% nortality occurr-
i ng between alevin and fry stages. Baker (1983) and M. Papst (Fisher-
ies and Cceans, Winnipeg, personal communication) have both reported
that | oss of individuals due to canni balism had occurred, although this
was never directly nhserved.

In a first attenpt at the development of a brood stock of Arctic
charr, Papst and Hopky (1984) reported a nortality of 83%to the eyed
egg stage and 9»% to hatching. This high nortality was due primarily
to a lowrate of egg fertilization. Inprovenents in fish husbandry of
charr, better tinming and co-ordination of maturity within and between
sexes, correct environmental manipulation and the use of hornobnes to

induce maturity can be enployed to significantly reduce egg nortality,

Ni
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Increases in survival of eggs at the Rockwood Hatchery have since been

documented (M Papst, personal communication ) .

2.3 FACTORS AFFECTING GROWTH

Many factors, both environmental and genetic af feet growh rate
and efficiency of food utilization of fish. The nost inportant factors
are temperature, food ration and fish size. No one factor operates
i ndependent|y, rather they combine to operate synergistically, affect-
ing growth and food conversion efficiency. A rise in tenperature may
increase growh rate and food ration requirenents, however these
changes will be tempered sinultaneously by changes in fish size. The
process of growh is a conplicated, interactive one dependent upon many
factors.

Each of the major factors which influence growth rates; tempera-
ture, food ration, fish size and density, will be discussed separately.
First, their general influence, followed by an evaluation of their
specific effects on Arctic charr. |In addition the paraneters of water
source and quality, fish health and genetics will be discussed as they

relate to Arctic charr.

2.3.1 Effect of Temperature

Tenperature is the most inportant environmental factor influencing
the growth and activity of fish. Because fish are cold blooded, their
rate of activity is directly determned by tenperature.

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

The optinmum growth tenperature, as well as the tenperature range
over which high rates of growth are achieved, differ wi dely anong
salmonid Speci es,

The optinum tenmperature for growth Of Arctic charr iS between 120

and 13°C (Swift 1964, Wandsvik and Jobling 1982, Uraiwan 1982 and Baker
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1983) , relatively 1nwer than for nmost other salmonide. Optimum growth
tenperatures range fromis-1hec for the Pacific salnmon to 170 - 1Rer
for rainbow trout Brett 1979, Hokanson et al. 1977). Swift (1964) was
the first to culture charr over a w de range Of tenperatures (go_

180c) and  found that growth was highest between 120 and 140 and poor
at 40 and 18°C. wWandevik 2nd Jobling (1982) rearing charr iN fresh-

water in Norway at 3 .. g8.50 and 130 nhserved that growth and feed

i ntake was highest at 13oc¢. traiwan (1982) conpared the growth rates
of Arctic charr. brook trout and rainbow trout at 4 tenperatures (10,
13, 16, 190c) and found that growh of the Arctic charr was highest
(2.0% body wei ght/day) at 100 C, exceeding that of both the brook and
rai nbow trout (1.8% day).

In an extensive studv Baker [(1983) grew two different strains of
Arctic echarr and one strain of rainbow trout simultaneously over a w de
range of tenperatures and fish sizes. He found that at |ow tenpera-
tures, growth rates of all strains were low and simlar. Between 100
and 14ec specific growth rates of the Arctic rharr strains were at
their highest level, up to 2,0% body Weight/day (Fig. 2). Growth rates
of the rainbow trout however exceeded those of the nharr at t4er and
remai ned high at 19ec.

At. 1dec near the optinmum growth tenperature, the nmean weight of
the rharr increased from 10.2g to 115g in approximately 140 days (Table
>, Fig. 3). To estimate the nunber of 4davs required to produce a 250g
fish it was necessary to extrapolate the data using a sinple growh
model given in Raker (1983). To produce a ~harr of nean wei ght 250¢ an
additional 55 days growth under simlar conditions would be required.

Although ~harr have a |l ower optinum tenperature for growth than
other salnonid species, they normally do not have a higher rate of
zrowth than other salmenide at this or |ower tenperatures. Arctic
~harr do not appear to be better adapted or =iited to intensive culture
at lower tenperatures than other zalmonids. To arhieve the highest
rate of growth possible, culture tenperatures should be maintained as
~lnse t0O the optinum growth tenperature for ~harr as possible,

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

raicse Arctic charr in a comrercial production systemutilizing waste

GrE3
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heat and water recirculation. Charr were stocked in 1500 litre tanks
at an initial size of 2.2g and raised at a nean tenperature of 13,3¢C
for 209 days. Mean weights and specific growh rates for the charr
during each growth interval are given in Table 2 and illustrated in
Fig. 3. At day 209 the nean weight of the peculation had increased to
158g. Using the data provided and a projected average specific growh
rate of 1.0%/day, it is estimated that an additional 45 days woul d have
been required for the population to achieve a nmean wei ght of 250g.
Thus, to raise a charr from2g to market size at the optimum growh
tenperature, approximtely 254 days would have been required (Fig. 3).

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

At lower tenperatures, the time required to achieve market size
increases greatly. Based upon data provided by Wandsvik and Jobling
(1982) and Baker (1983) it is estinmated that at a mean tenperature of
9oC,it woul d take approximately 510 days to grow a fish from2g to
250g. Thus roughly 10-50 additional days of growth are required to
achieve market size for every degree that average culture tenperatures
are below the optinmum range.

As the study by Papst and Hopkey (1983) was a first attenpt_at
comercial production, | feel that this estimate is somewhat exagger-
at ed. Reduced handling stress, better tenperature control, extended
feeding tines, experience and other factors will reduce the tine
required to produce a market sized product. ’

Consi derable differences in growth rate, as well as the tenpera-
ture range over which high growth is nmaintained al so exists between
strains of Arctic charr. Baker (1983) found that charr from Labrador
mai ntai ned significantly higher growth rates and food conversio,
efficiencies over a wider tenperature range than did charr which
originated from Norway.

In summary,the optimnmum tenperature for growth of Arctic charr
appears to be between 12° and j3.c, however the rate of growth can vary

anz



consi derably depending upon genetic differences (the origin of the
particular strain) and environmental differences such as the type of
culture system employved, culture density, water quality, type of food

and other factors.

2.3.2 Food Ration

Food ration requirements of fish depend primarily upon tenperature
and fish size. At low tenperatures, netabolism and growth are |owand
less food is required by the fish to satisfy these demands. as
tenperatures increase, netabolic processes becone nore efficient and
nore energy becones available for growth, however nutritional demands
al so increase, Above the optinmum growh tenperature, food ration
requirements remain high but growth is reduced due to the decreased
efficiency of food utilization. Thus food conversion efficiency or the
efficiency with which the fish converts food into flesh is greatest

nearest the optinmum growth tenperature.

2.3.2.1 Food Conversion Efficiency

Food conversion efficiency, comonly represented as the feed to
gain ratio, is calculated by dividing the total weight of food fed by
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
feed:gain ratio of 1.4 will gain 1 g of weight for every 1.4 g—of food
fed. Consi derable differences in feed:gain ratios exi st between
different strains of Arctic charr fed the sanme diet (Table 3). Gowh
and food conversion efficiency depends not only upon quantity of food,
but also on the conposition of the diet. Baker (1983) found that the
charr from the Fraser River in Labrador were much nore efficient
{1.4:1) and had higher growth rates than charr from Sunndalsora, Norway
{2.1:1). Tabachek (1984) has found similar, considerable differences
between strains as well as substantial differences i KA conversion
efficiency of charr fed different diets. Feed:gain rati os varied
between 1.4:1 wupto 2.4:1 for Sunndalsora charr, depending upon the
diet (Table 3).

onz.
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2.3.2.2 Nutritional Requirenent

Tn a limited stud.., Jobling and wandsvik (1983c! concl uded t hat
the protein requirenents of charr Were simlar to those of trout, and
that a commercial trout food would satisfy the nutritional demands of
charr. Tabachek (1984) however suggests that differences in nutri-
tional requirements, nutritional tolerance to dietary ingredients or
digestibility exists between trout and charr and possibly between
strains Of charr. Interstrain differences in carbohydrate and protein
requi renments have been previously denpnstrated for rainhaw trout
(Austreng and Refstie 1979, Refstie and Austreng 1981).

Tahachek (1986) presented Arctic charr with nine different diets
of varying protein: lipid ratio’s. She found that charr utilized
protein nmore efficiently with an increase in dietary lipid, and that
maxi mum wei ght gain and food conversion efficiency occurred at the
hi ghest protein:lipid ratio (54%:20%! tested. Econonmically, food with
aratio of 44%:20% wa= | €SS expensive, producing the |owest 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 wandsvik (1983:, nutritional requirenents of ~harr may not be
optimally satisfied by commrercial trout food. a higher protein:lipid
ratio may be required.

Sel ection of a strain of Arctic charr which has denonstrated a
hi gh feed:gain ration and employment Of a diet fornulated to the
specific nutritional requirenents of charr is essential to the commer-
cial success of any aquiculture operation.

2.3.2.3 Size Effects

The nutritional demands of tish aSO change with SiZz€. Youns,
smaller fish require a relatively greater amount of food as a propor-
tion of their body weight, than do larger fish.

Standard feeding tables have been developed to satisfy the
specific demands of salmanids which dictate the amount of food required
to be fed to the fish, based on water temperature and nean wei ght of
fish (Table 1 after Hilton and Slinger 1981). For exanple, at 120C a

Goz]
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fish having @ NMBAN weight 5¢ Should be fed 4. +« of their body
weight/day. |f the tank contains 10,000 fish, 2.15 ke of food should
be given (10,000 x .o05¢ x .043% - 2.15 kg).

Feedi ng tabl es have been devel oped primarily tO satisfv the nutri-
tional demands of rainbow trout and sal mon. Baker (1983) has found
that the quality of focal demanded by different strains of ArcticC chare
can vary, thus current feeding tables for rainbow trout, although
useful, will initially ony Serve as a rough guide. Existing tables
should n modified to suit the specific demands of ArctiC eharr S nore
exverience in their culture is gained and adjustnments according to
genetic (strain) and environmental differences are incorporated. a
feeding table developed for ~hare Will inprove food conversion
efficiency and reduce cost.

2.3.2.4 Feeding Frequency

The frequency with which fish are fed also affects growth rate.
Young. SWimup fish should be fedup to 20 tines per daY. This rate is
reduced to 8-10 times per day for fingerlings (<5g). 4-5 tines per day
for fish between 5 and 50¢ and 2-3 tines for fish exceeding 50¢ (Brett
1971).  Frequent feeding ~f fish for shorter durations wil1 decrease
wastage and increase growth. Hilton and Slinger (1981) recommend that
fish not be overfed so that thevy Maintain a keen appetite at each
feeding, the result being higher growh rates. Feeding ~harr Oover a 12
to 16 hour period rather than g hours each dav may also increase growth
rates (Baker 1983). The nethod of feeding wil1 be discussed in Section
3,3.

2.3.3 Effect of Fish Size on Gowh

Ceneral |y, a fishes growh rate declines with a progressive
increase in size. The specific growth rate (gain as a%of its bodv
weight/dav: Bertlanffv 1957) of small fish (1g) ~an ha ac high as 5.
6% day at the opti nUum growth temperature., but decline to |ess than
1% day over 200g.

There is a fairly well established 10e. linear relationship

bet ween declining growth rate with i NCreasing 1ee. Size. Thi s
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relationship seens to be consistent for a wide variety of salmonids.
Brett and Shelhourn (1975) have suggested that a slope of -0.41 (+/ -
.04) is characteristic of the famly. The form of the equation is as

foll ows:
loge (specific growth rate) = a - 2.4 !loge weight)

Thus the decline in log. (growth) varies directly according to
increases in log. (Weight). The greater the increase in weight, the
more reduced the growth rate. The intercept “a W ll vary according to
environnmental differences (i.e. tenperature, ration) and genetic
(strain) differences. The reduction in the amobunt of food required
with increased size is incorporated in feeding tables (Table 4).

Several studies have been perfornmed which exanine the relationship
between size and growth rate on Arctic ~harr. Jobling (1983a) reared
~harr from 18 to 135g over 6 nmonths at 100C and found that the rate of
decline in the specific growh rate of ~harr With size was -0.325,
slightly lower than the rate of -0.41 described by Brett and Sheibourn
(1975). Simlarly, Baker (1983) also found that growth rates of charr
did not decline as rapidly with size as for other salmonids. Thi s may
be significant in that ~harr may be able to maintain relatively higher
gromh rates at larger sizes than other =salmenids and thus pay be

better suited for culture to larger sizes.

2.3,4 Variation in Size and Gowh

During experinental growth trials it has been found that a
tremendous variation in growth rate and size devel ops !Jobling 1983a,
1983b, Baker 1983, Ppapst and Hopky 1984, Jobling 1985, Jobling and
Reinsnes 1986). These size distributions are remarkably sinilar
despite differences in strains and conditions. They are characterize
by having a nunber of large, fast growing individuals, @ W de range Of
intermediate sized fish and a group of very snall fish, often no |arger
than the initial weight. In parallel growth trials with sharr, rai nbow
trout have been nmuch nore uniformin size (Baker 1983, Papst and Hopky
1983) .
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This great size variation represents a serious obstacle to the

comercial success of Arctic charr culture. Mul tiple 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 growh rates. In addition, if 20-30% of the popul ation
does not achieve market size in a reasonable amount of time, a consid-
erabl e amount of potential, tank space, food, time and noney are |ost.

Reasons as to why this occurs are conplicated. Jobling and
Wandsvi k (1983a) and Jobling (1985) have observed aggressive behavior
of larger fish towards smaller fish, thus increasing stress, reducing
feeding efficiency and growmh rate. However, in studies by Papst and
Hopky (1983) and Jobling and Rei nsnes (1986) where ‘small’ and ‘large’
fish have been separated and allowed to grow, no differences in growth
occurred. Larger fish maintained unusually high growth rates while the
smal | 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 growh, but a great deal of the variability can be attributed
to genetic factors.

In the wild a simlar variability in growth rate occurs (Johnson
1980) . The mature, spawning proportion of the Arctic charr popul ation
is represented by individuals from nany year classes. Large, young
fish represent ‘fast’ growers and small, old fish represent ‘slow’
growers. In this way a single vear class can contribute gametes to the
popul ati on over a period of many years. Thus, the situation observed
in a hatchery environment can largely be attributed to the |arge,
natural variation in size and growth rate which is inherent to wld
popul ati ons.

To overcone or at least mnimze this factor, a genetic selection
program nmust be establish with the aimof reducing the large varia-
tion in growth. Rainbow trout for exanple, which have been reared in a
hat chery over several generations and are considered to have becone
“donesticated”, no longer denonstrate a great diversity in size or
growth, have a high survival rate and have becone adapted to the
hat chery environment. This is however, a long term solution to the

probl em

onz.
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Over the short termthere are several neasures which can be taken.
Refstie and Kittelsen (1976) have shown that territoriality and
aggressive behavior of salmonids IS reduced at higher densities.
Culturing echarr at high densities nay reduce the social hierarchal
factors which contribute to the manifestation of a group of snall fish
exhibiting | ow growth rates. Recause charr are a gregari ous species by
nature, they maybe better suited to culture at higher densities than
ot her =almonids. Recently, Baker and Ayles (198 7) have denonstrated
that in fact echarr do performwell at high densities, exhibiting higher
growm h and food conversion efficiency rates than other salmonids at
simlar densities. The benefits of exploiting this ability maybe
twofold in that not only will growh rates and yield be increased, but
that variation in size mav be reduced. Culling of “small” fish in the
popul ation will also reduce size variation, the amount of food fed and
the tine required for the population to reach harvest size.

It must be kept in mind that the intensive culture of Arctic charr
is arelatively new technology, Standard rearing methods will have to
be adapted and refined to nmeet the different and often unique require-

nments of Arctic charr.

2.3.5 Density

The density at which fish are cultured is usually neasured as kg
of fish per cubic nmetre of water volunme (kg/m3Thé optimum density
at which a species should be cultured is not necessarily at a |low
density, where growh rates are highest. Rather, culture densities
whi ch are “acceptabl e” depend upon predeterm ned production goals such
asrapid growth, production of as much wei ght as possible, or high fish
quality. The optinmum culture density will generally be the density
which provides for a verv high yield while nmaintaining good growh
withount conpronising fish health and water quality.

Ae densities increase from 1ow (5-10 kg/ins) to high (»>60 kg/ins)
level s, nmDSt salmonide suffer a progressive decline in growth rate and
food conversion efficiency (Burrows 1964, Fenderson and Carpenter 1971,
Brauhn et al. 1976, Refstie and Wittelsen 1976, Refstie 1977). The

i ncreased density of fish per unit <vnhime causes an increase in the

ownz]
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level Of interaction between individuals which increases stress,

reduces food conversion efficiency (due to greater conpetition)
| owers water quality. Each of these factors contribute to a decrease
in production.

Unlike Ot her salmonids, ArCtiC charr respond differently to high
densities as growth rates increase fromiow to noderately high dens-
ities. Recently, EKolbeinshawn 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 al so reported unpublished findings by wallace et al. (1986,
unpubl i shed) that voung charr Were not stressedby high densities in
their growth esperirnents. Baker and ayles (1987) grew rainbow trout
and arctic charr in parallel growth trials at initial densities ranging
from 10 kg to 85 kg fish/ins. They found that characteristically,
growth rates of rainbow trout declined linearly as density increased
and that the growth of ArcticC charr WAS curvilinear, i NCreasing with
densityto an optinum between 40 kg and 60 kg/ ma, suffering only a
slight decline at the highest density tested. This response was
consistent for two Strains of charr OvVer a wide Size and temperature
range. ONlY Arctic charr have Shown a positive correlation between
erovth and increased density.

Reasons for this response are not clear. In the wiid, Frost
(1977) and Johnson (1980) have Observed that Arctic charr Wil tend to
school at high densities. charr may therefore be naturally more suited
to high densities. In addition, Baker and ayles (1987) did not observe
any aggressive behavior or attenpts to defend territories at high
densi ties. Erosion of the pelvic, pectoral and caudal fins in the
rainbow trout was severe, particularly at densities exceeding 25 kg/ma .
The arctic charr SUffered no fin erosion whatsoever, even at the
hi ghest densities. Thus fish suality and presentability of -harr are
high and can be maintained despite high densities.

The decline in growmth of the -harr at the highest density tested
'85 kg/m* ) in the stud.. by Baker and Ayles :1987) presumably occurs for
the sane reasons as for the rai nbow trout. I ncreased crowdi ng, ~om-

Si
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pounded with the effects of |low oxygen and increased ammonia levels
will eventually cause a decline in growth and food conversion.

Gowh rates of Arctic charr were 30% higher at the optinmm
density than at low densities and hada yield alnost five times as

great (Baker and Ayles 1987). H gher initial and fim stocking
densities of charr resulted in at |east a 20% higher yield than rai nbow

trout cultured at a simlar density. In fact charr have been main-
tained at densities of up to 150 kg/ins with no apparent ill effects (M
Papst, Freshwater Institute, personal conmunication). Gowh at high

densities can only be achieved if high water quality standards are
mai nt ai ned.

The ability of charr to performwell at densities higher than
traditional levels (>4C kg/ma) represents a trenendous advantage to
fish culturiste as higher stocking levels result in a nore efficient

use of available tank space and increased vyield.

2.3.6 Loading Rate

Anot her aspect of production, related to density (kg/m¢) is called

"loading” and is expressed in terme of weight of fish (kg) per litre
per minute inflow (kg/litre/min; . Optinum loading rates vary according
to water quality and culture system (flow through or recirculation),
but range between 0.5 to 1.5 kg/litre/min (Brauhn et al. 1976). Fish
reared in single use systens can withstand greater loading |evels.
At high loading levels (>2 kg/litre/min. ) water quality will be reduced
resulting in increased stress and poor growth. At low levels (<0.5
kg/litre/min. ), flow rates (turnover) may be too high, forcing the fish
to expend nore energy swimming Which will reduce the amount of energy
avail able for growth.

Westers and Pratt (1983) suggest that a turnover rate of ypto
four times per hour is ideal. A greater turnover rate Will not allow
for the settling of solids while lower turnover will result in low-
density rearing. The relationship between flow rate, I|oading and
density (Table 5) given different levels of water quality has been
illustrated by h-esters (1983). High water quality allows fO greater

Bz
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loading aNd density levels, a lower turnover rate and ultimately, a

greater vyield.

2.3.7 Water Quality

Water quality standards for aquiculture purposes are very high and
very few natural water supplies neet all the requirements for
artificial culture (Burrows & Conmbs, 1968). There are many aspects to
wat er quality ranging from pH to oxygen, metabolites, m nerals and
heavy metals. Judicious selection of a clean, well buffered, disease
free water source will provide an environment which will naxinize fish
health and production. ldeally, water tenperatures should be close to
the optimum growh tenperature of the species and should not be subject
to W de fluctuation. It is easier to nonitor and control water quality
and tenperature in a land based aquiculture facility than a cage
rearing facility. In either case, water quality standards will remain
the same, although how they are controlled will differ. Daily and
Feonomon (1983) present a table of water quality standards for fish
culture as compiled by the US. Environnmental Protection Agency which
has been reproduced in Table 6 to serve as a general guide. any one of
anunmber of parameters below optimum level or the presence of pollut-
ants or undesirable organisms will adversely affect growth, food
conversion and sum-ival of fish, thus reducing the econom c viability
of the enterprise. B

Frequently, the only water source available is less than ideal and
it is often necessary to pre-treat the water to inprove its chenical
and physical characteristics (Westers 1983). This may i nvol ve increas-
ing oxygen concentrations, degassing (nitrogen, hydrogen sulfide and
carbon dioxide), renoval of suspended solids and buffering (PH
control)

VWater nust be present in sufficient quantity to supply the
necessary anmount of oxygen to the fish and to remove waste products, as
well as for domestic purposes, cleaning and fire protection (Daily and
Economon, 1983). In addition, sufficient water should be available in

the event that expansion Of the existing facilities is desired.
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Each of the mmjor water quality parameters will be discussed
separately in the follow ng subsections. A discussion and conparison
of water quality data for Jackfish Lake to accepted standards will be
provided in Section 4.2.

2.3.7.1 Oxygen

Oxygen concentration is one of the npbst inportant water quality
paraneters in the culture of fish. Oxygen |evels w || naturally vary
dependi ng upon the source of the water, tenperature, altitude and
bi ochemni cal processes occurring in the water. The oxygen denmand 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, tenperature, growh rate and age (kKlontz et ai. 1979).

The anmpunt of dissolved oxygen in the water (ppm) should be
mai ntained at as high a level as possible (at |east 90% saturation) and
shoul d never fall below 75% saturation (Daily and Economon 1983).
Oxvgen | evels below 5.0 mg/1 will result in a considerable |oss of
grow h and increased nortality (Wdenmeyer snd Wood 1974, westers and
Pratt 1977).

Current information suggests that Arctic charr way be nore
resistant to | ower oxygen |evels than other salnonids. Switt (1964)
exposedArctic <charr to water which was only 50% saturated with oxygen
and foua that growth rate was not significantly lower from fish raised
in 100% saturated water. In growth experinments conducted on charr by
Baker and Ayles (1987), oxygen concentrations at the highest densities
tested were only 5.2 ppm, yet growth rates of the charr still remained
hi gh.

H gh oxygen | evel s can be maintained through the use of mechanical
aeration devices, providing supplenental oxygen and through proper
managenent of tank conditions (density, ftlow rate).

onz

[Ov



19

2.3.7.2 Ammonia

Ammoni a is one of the major netabolic waste products of nany
aquatic organisms, including fish. This nitrogenous waste is produced
as aconsequence of protein deamnation and will vary in quantity
dependi ng upon netabolic rates (Burrows 1964, Smith and Wllians 1974,
Thurston et al. 1981). Ammonia occurs in two forns. A nont oxi c,
ionized form (NHs*) and a very toxicC um-ionized (NHs-N) form The
ratio of NH«* to NHa-N i s both tenperature and pH dependent (Trussell
1971). Generally, the percentage of im-ionized amoni a present in the
water increases with tenmperature and pH.

In-ionized ammonia levels in excess of 0.012 mg/l causes a
thickening of gill lamellae which decreases oxygen uptake, resulting in
depressed growth. Ammonia can be renpved from the system by converting
it tonitrate which i S non-toxic (NO:-N). This is acconplished in
recirculating systens by vitrifying bacteria, which offers the nost
practical and econonical neans of ammoni a removal (Burrows and Conbs
1968). During vitrification, amonia (NHa-N) is first converted to
nitrite (NO.-N) by Nitrosococcus and Nitrosomonus bacteria and subse-
quently by Nitrobacter, to nitrate (no.-») which i S conpletely- harnless
to the fish, The internediate nitrite is also toxic to fish at
concentrations of 0.1- 0.2 mgs1 and i1y retard growth and food
conversion, causing death at o0.5 mgs1. However, biological filter
units containing these bacteria are very efficient at converting
anmonia to nitrate in recirculated water.

2.3.7.3 Nitrogen

The concentration of nitrogen gas (N:) in water depends solely
upon tenperature and pressure. Under normal circunstances it is
harm ess, however if the gas becomes supersaturated as a result of air
being forced into the water due to faulty pump lines or seals, it can
be very harnful to fish (Daily and Fconomon 1983). A review Of gas
supersaturation probl ens has been provided by Weitkamp and Katz (1980).
In nitrogen supersaturated water, gas emboli develop in the fishes’
hland vascul ar system which can cause a reduction in growth and food

conversion or even death.

ownz
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2.3.7.4 o

The optinum pH level for rearing <almonide IS between 7.5 and 8.0
{Klontz et _al. 1979) . \Water with a pg below 6.5 is too acidic and will
increase the susceptibility of fish to troth infectious and naninfen-
tious diseases. Slightly acidic waters also have increased dissolved
carbon dioxide, mineral and organic acids which will redn~e the
buf fering capacity of the water (Klontz €t al. 1979).

2.3.7.5 Alkalinity or Hardness

The mini mum acceptable alkalinity (as cat0.y 1S 20 mg/1 with a
maxi nrum of 200 meg/l (Dailv and Econonmon 1983, wlant» et al. 1979).
Calciumis required for netabolism whirh is nostly satisfied py the
diet, but in addition nmust be present in the water to aid in respira-
tory and osmoresulatorvy activities. catn. IS also effective in
buffering the effects of contaminating Substances. Hard water is nore
productive, which would benefit a cage culture operation in that

natural food sources may he nore abundant.

2.3.7.6 Heavy Metals

There are many heavy Netals which can have deleterious effects on
fish health and condition, growth and feed conversion even at verv lnw
| evel s. The concentration at which different heavvy metals adversely
affect fish also vary (Table 6). Cadmium arsenic, copper, iron and

manganese are all particularly detrinental to fish culture.

2.3.7.7 Oganic and Chemnical Contani nants

The potential rontamination Of the water supply as a result of
industrial, =agricultural Or municipal artivitiec IS @ genuine threat.
This can occur as a result of an accidental spill, long-term [|owlevel
input into the drainage systemor, as has recently been 3jjiscovered. via
long range transport in the atnosphere. Mbst contam nants such as
pesticides, PCE s and srganochlorides are slow to break down and -an
remain in the snvironment fOr a cerv long tinme. These conmpounds mav be
al most undetectable in the iater, but ~ver tinme becone deposited and
concentrated in the tissues of the fish.

[cnz|
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The proximty of’ the nunicipal dunp and a large gold nining
operation to Jackiish Lake represent a potential inter quality hazard.
Leechi ng of chenmicals, PCB’s and heavy netals such as arsenic through
the ground water would introduce these conpounds to the |ake water, and
ultinately to the resident fish population. In addition, the presence
of the NCPC electrical generating station on the north-east shore of
the lake also represents a potential threat to water quality. The
continuous | ow | evel input of hydro carbons and petrol eum by-products
and the risk of a large spill does exist. These factors nust be
consi dered when determining the |ocation and type of aquaculture
facility to be constructed. A program to evaluate and nonitor the
resident fish population for the presence of organic or chemical
toxicants was instituted in February 1987 and shoul dbe continued for
at |east one year.

Prelimnary results of heavy netal analysis of water sanples from
Jacktish Lake and a scan for organic contam nants from nuscle 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 nost inportant factor deternmning the potential and
viability of an aquiculture operation (Castledine 1986). The design of
an aquiculture facility will depend strongly upon the source and
quality of the available water supply. The facility should incorporate
those elements designed to minimze the linmtations or constraints
inposed by the water source as Well as optimize the qualities avail-
abl e.

Surface water sources, such as from Jacktish Lake, are usually
undesirable as a primary hater source. Water tenperature, dissolved
oxygen, suspended solids, ©pH ninerals and other paraneters vau
fluctuate dramatically both vertically and seasonally. Being exposed,
surface water is also wvulnerable to pollution or contam nation.

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

transm ssi on.

2.3.9 Fish Health

Arctic charr are susceptible to a variety of diseases which
commonly affect both wild and hatchery reared salmonids. Common
di seases include bacterial kidney disease (BKD), infectious pancreatic
necrosis virus (IPNV), furunculosis, abacterial disease of the skin
and whirling disease, caused by a parasitic protozoan.

The effects of disease are nore easily observed and nore strongly
felt in a hatchery environnment than in the wild. The high density and
great stress imposed upon hatchery fish increases both susceptibility
t odi sease andt heease of transmssion. Fi sh which become infected
with a di sease such as TPNV 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 (H Il 1977, Hnath 1983).

The npst effective and only sure neans 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 uncontam n-
ated water supply. Very few wild stocks of Arctic charr from which
fertilized eggs can be obtained are known to be disease free.

Arctic charr from six sites in four river drainges in the
Mackenzie River hasin were collected and assaved for IPNV by Souter et
al. (1986). They found that the virus was present in fish from all
locations with a frequency of infection of’ at |east 44% Thus it
appears that the Mackenzi e River drai nage and Yukon and Alaska north
slope rivers are not a suitable source of Arctic charr. TPNV has al so
subsequently been identified in charr from several other areas in the
western Arct ¢ as well as BKD in charr fromthe eastern arctic (B.
Sout er, Fisheries and Oceans, Wstern Region, personal communication).

The Department of Fisheries and Cceans, Wwestern Regi on, Roclwood
Experimental Fish Hatchery is the only North American facility main-
taining several stocks of Arctic charr. |n 1978 charr from Nauyuk Lake
on Kent Peninsula, N.W.T.and in 1980 and 1981 charr from the Fraser

River in Labrador were inported to the hatchery. Arctic charr eggs

]
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were also received from Norway in 1980. Each of the stocks were
certified as being di sease free., however their export fromthe hatchery
is prohibited because RKD has been identified in the rainbow trout
present in the hatchery.

Strategies for preventing or controlling the outbreak of a disease
must be devel oped. Several inportant elenents of disease prevention
include the reliable detection of disease -carriers, know edge of how
pat hogens are transmtted, developnent of effective nethods to limt
the entry of pathogens or carriers into clean fish cultural facilities
and to avoid environnental conditions which nmight allow a disease to
become established (Giffiths and Warren 1983).

The nmost inportant facet of disease prevention is to restrict
inmpartation of fish stocks into the hatchery which have not been
certified “disease free”. Strict adherence to this regulation will
ensure that the introduction of pathogens is virtually elim nated.

Mai ntaining a high level of fish health such that fish are not
stressed by poor environmental conditions Kkill also significantly
reduce susceptibility to disease.

It is not known to which diseases Arctic charr are particularly
resistant or susceptible to, or if they differ fromother salmonids in
this regard. | nmmunization, water treatnment techniques and attenpts to
‘breed in” genetic resistance to disease in salmnnids are new areas of
technology and are still in the devel opnental stage (Warren 1983).

Their specific application to Arctic rharr iS unknown.

2.3.10 Cenetics

Arctic charr are genetically, still considered to be in their wild
or undonesticated state. Virtuallv nn selen~tive breeding of charr to
improve comercially inportant traits has been performed to date, Mast
experinmental work W th Arctic charr has been performed on wild Stocks
whi ch have been brought into a hatchery either as eggs or fry (Swift
1964, Wardsvik and Jobling 1982, Papst and Hopky 1983, Jobling and
Reinanec 1986) . The exploitation of genetic differences between

popul ations or strains, welertive breeding, crossbreeding and inhreed-
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ing are all inportant techniques as nmeans of improving commercially
inportant traits.

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

Hybri di zation within and between sal nonid genera has al so been
employed in order to attenpt to inprove production characters
Chevassus (19'79) gives an extensive review of the success achieved thus
far with interspecific hybridization. Refstie and Gjedrem (1975) al so
crossed several species of salmonids and found that in npst cases the
hybrids involving Arctic charr had higher growh rates but |ower
hat chi ng success than the other hybrids or pure strains.

One of the nost inmportant factors when initiating a commerci al
aquiculture operation is the selection of a suitable strain of fish.
The judicious selection of a strain which may possess certain desirable
characteristics, or is best suited for a particular environment will
of fer inggdiate benefits to the fish culturist wi thout generations of
sel ective breeding. Large variations in growh rates, food conversion
efficiencies, survival and other paraneters have been shown to exist
between strains of fish (Avles and Baker 1983) and Baker (1983) has
shown that the variation in specific growh rate, food conversion
efficiency and ration requirement was at |east as great between two
Arctic charr strains as between Arctic charr and rai nbow trout.

The opportunities for selection of a certified stock may be quite
l'imted. This factor however remains of the highest inportance and
every effort should be made to evaluate at |east two geographically

distinct strains.

!
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3.0 FEED TYPE EVALUATI ON

Fish have specific protein, lipid (fat), and vitamin and m neral
requi renents which nust be satisfied by the diet in order to maintain
good health. \When basic nmmintenance nutritional demands are satisfied,
the extra energy consumed becomes available for growth.

Different diets vary both in conposition and in quality and
quantity of ingredients. The specific nutritional requirements of each
salmonid speci es have not been deternmined and many different diets have
been manufactured to satisfy the general requirenents of sal non or
trout. It is therefore inportant to choose a diet which will provide
for the maxi mum feed conversion efficiency and growh rate possible.

Several of the comrercially manufactured diets which are available
have been eval uated using Arctic charr. Tabachek (1984) found that not
all trout or salnmon diets were suitable, depending upon the strain of
charr being tested. (See Section 2.3.2) For exanple, Martin Feed
Mills trout feed proved to be an excellent food source for Arctic charr
from Labrador, but was inadequate for charr from Norway. Therefore it
is recommended that initially, at least two different diets be
eval uat ed. Nutritional defi ci encies becone nanifest as increased
feed:gain rati o, poor growth, increased nortality and other srymptoms.
A list of the symptoms displayed by salmonids, which occur as a result
of nutritional deficiencies are presented in Table : (after Hilton and
Slinger 1981),

The cost of feed accounts for between 30% and 50% of total
production cost. It is therefore inportant to provide a feed that not
only satisfies nutritional requirenents, but is also economcal. The
followi ng sections will briefly discuss the general nutritional
requi rements of Arctic charr and feed types available, followed by an
eval uation of the economic benefits and technical feasibility of
providing a food source manufactured locally, ‘ersus a commercially

manuf actured trout food.

|
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3.1 GENERAL NUTRTTTONAI. REQUIREMENTS
The four major nutritional groups which are represented in all

manuf actured diets are protein, lipid, carbohydrate and vitamin and

m neral supplenents. The proportion of each itemin the diet varies
according to the manufacturer, but also according to the size of the
fish for which the feed is designed. O der fish which grow relatively
slower, have a lower protein and lipid requirement than do snall, fast
growi ng fish. Requirenents of each of the mmjor nutritional Qroups
will be discussed separately.

3.1.1 Protein

Protein conmprises the majority of the diet (40 - 50% and is the
single nmost expensive ingredient (Hlton and Slinger 1981). Fish
require at |east twelve essential am no acids, the building slocks of
proteins. Unfortunately, vegetable proteins which are nobst econonical
source, do not provide all of these amno acids so it is necessary to
include animal protein, particularly fish neal, in the diet. aAlterna-
tive protein sources include animl by-products such as poultry by-
product neal, blood and neat neal, including various vegetable neals
such as sovbean or corn gluten.

Diets which are relatively higher in animl protein sources are
generally nore palatable to the fish and contain |ess carbohydrate, for
whi ch salmonids have a relatively low tolerance. The availability of
an | nexpensive protein source, such as rough fish fromthe Geat Slave
Lake fishery has the potential to provide a large proportion of the
protein requirement in a manufactured diet. However, rough fish and
fish silage nust still be supplenmented w~ith a high quality fish neal

(herring or zapelin) to provide additional protein and |ipid.

3.1.2 Lipid

Lipid or fat provides twice the =nergy per unit weight than
protein. It is also inportant in cell menbrane function and fornmation
(Hlton and Slinger 1981)y. There are a variety of different types of

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

aalmanid i €S normaliv CONtain between 15 - 20%fat, which is
supplied in the formof animal and vegetable fats. Marine fish oils
provide Nigh levels of essential fatty acids and seemto provide fOr
improved growth rates than fish fed vegetable oils.

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

Arctic rhare In a gtudv bv Tabachek (1986) arntir ~hare performed
better at higher protein:lipid ratios (i4-sa%-15-902y than nornmally
eerl Oyed in calmanid diets (35% protein: 10% [ p| d) . It 3« believed

that the higher ambunt of fat present is utilized as an energy source
before protein is, jeaving NDre protein availahle fOr growth (Reinitz
and uit=e1 1980, Carke et al. 1982).

3.1.3 Carbohydrate

Car bohydrates do not naturally occur in the diet of wild Arctic
~harr and the requirenent for carbohydrates are subsequently |ow
Economically, it would be desirable to use cereal grains as an energy
(carbohydrate) source, but due to the 1~ tolerance caimmanide have to
carbohydrates, it nornmally does not conprise nmore than O% to 10% of the
diet.

3.1.4 Vitanmins and Mnerals

There is a wide range of «itamine and minerals which fish require
to maintain good health and condition (Table 7). wAuever the exact
quantities of each are not known for fish. Essential «itamine and
mnerals are nixed (prenmxes) and conbined .-i+» the remaining dietary
ingredients represent between one and +:..~ percent of the diet.

Vitamin and mneral premnixes are essential ingredients in both
commercially manufactured diets as well as diets manufactured primrily
fromfish or fish by-products. These preni xes can be manufactured in
bul k quantities ny comercial feed conpanies according to supplied
speci fications.

3
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3.2 FEED TYPES

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

3.2.1 Wt Feed

Wt feed consists sinply of ground whole fish, fish parts or other
ground neat. Vitamin and mineral supplenents may be added, as well as
bi nding agents (i.e. wheat middlings) to make the food “stick”
t oget her. wet food contains approximately 80% noisture, 8 - 10%
protein and 5 - 7% fat, depending upon ingredients. Wet feed is
converted very inefficiently because of its high water content. Feed
gain ratios of fish fed wet feed range from 5:1to 7:1. Wet feed is
commonly used in Norway to feed salnon held in sea cages (Edwards 1978)
but is only used in areas where large, consistent supplies of fresh,
trash fish are available.

Wt feed is very palatable and can be econonical, however it has
many di sadvantages. Preparation of wet feed requires special machinery
and is very labor intensive as four times the anount of wet feed nust
be fedas dry feed. The ingredients are also highly perishable and
must be received fresh every day or frozen. wet feed al so breaks down
very quickly and tends to pollute the water and is therefore not
recommended for use in tanks or raceways.

3.2.2 Moist Feed

Moist feeds are manufactured with a combination of wet fish or
fish by-products and dry ingredients. Dry ingredients include fish
meal and oil, wvegetable neals, binders, mnerals and vitamins. Raw
fish are mnced and conbi ned with the dry ingredients, m xed and
extruded to form moist pellets.

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

[cnz]




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

wet ingredients is necessary.

Capital costs of equipnent required to nanufacture a noist feed

wi11 be discussed in Section 3.5.

3.2.3 Dry Feed

29

Dry feed is manufactured froma mixture of fish meal, fish oil,

poultry and blood neal, vegetable neals

m ddl i ngs, chol i ne chl ori de

(soybean, corn), wheat

and mneral and c¢itamin prem xes.

Manufacture of dry feeds require |arge,

i ndustrial blender, a hammer m

Il for grinding,

expensive €qui pment such as an

~rumbling. a@n axtruder. pelletizer and drier. Tot al
asquipment IS estimated to be $220,000 to s250,000 (Dr. C Frantsi.

aroller mll for

cost for this

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

is not econonmical for npbst aquiculture operations to manufacture their

own drv feeds.

There are manv commercially manufactured 4rv feeds availahie The

maj or suppliers of trout and salnmon feeds are listed helmuw:

1. Martin ramd Mille Trout Feed,

2, Abernathv Salnon Diet, Ruhil. |
3. Ranger Fnrds [ NC., Buhl. Tdahn
1 7eigler Rrne INC., "ardners.
5. Purina Trout ~how. St. Louis,

6. Sterling =ilver Cup Trout

Elmra, Ontario

daho

P_A.

Mica .

FGEd, Murrayv. [itah

v~re feeds manufactured in Canada should becone available «it+h the

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

Conposition of the diet ¢arise according to both the manufacturer

and type of pellet (for starter, production or brood fish). A 1iat of

ingredients which are typicallv

present in 3rv feds

i'S provided in

Tabl e 2. Feeds containing ssmthetic i Ngredients such as -~anthavanthin

can be purchased which =11 zive a

red

color to the flesh to nmake it

nore presentable. «kilte Fich fed sinthetic ~arntennide Can be marketed
is forbidden. Choi

in Canada, their zxwport +t~ the i g.

zhanld he based upon performancCe

charr have a higher protein to fat

of your

ratio

requi renent,

ce of a irv feed

fish on that feed.  Arctic

therefore choice

]
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of a dry feed for initial avaliatin Should w based upon the per-
centage of protein and fat contained in the diet.

Feed conversion efficiencies of fish fed 4~ feeds are very high.
Dry feeds contain only | 0% noisture so the food ingested contains nuch
hi gher levels of essential nutrients hy weight than ... other food
type. Feed:gain ratios of 1.1 0or |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 comercially manufactured gy feed.

3.3 TYPES OF FEEDERS

Fish can be fed either by hand, by mechanical, automatic feeders
or bv demand feeders. Feeding fish v hand allows close nonitoring of
the fish so that over or underfeeding is avoided. Charges in fish
feedi ng behaviour, often indicative of a problem (disease or |ow water
quality), are also easily recognized by hatchery personnel. Feeding
large quantities of fish by hand however requires a great deal of tinme
and effort and may not be economical. Fish fed wet feeds nust be fed
by hand due to the volume and condition of the feed.

Automatic feeders dispense a prescribed proportion of the a.i1«
food ration at set interale There are a «arietv Of tinae Of
automatic feeders avail abl e. Food can be broadcast from trays
suspended over raceways. from ‘mamn~n |ike” feeders using conpressed
air to disperse feed or from hoppers suspended over a -nipnine diSK.
If the automatic feeder broadcasts food uniformy ~... the vaa- it can
be very effective in delivering the daily quota of food with a mininmm
of labour and cost. Automatic feeders are commonly enployed in raceway
or cage culture facilities.

Demand feeders, as is inplied, allow the fish to feed upon demand.
3y stinmulating a pendulum suspended -i+nin the tank a small volume of
food i s ~eleaced. The nmore the fish stinulate the pendulum the nore
food is Jelivered. Demand feeders require no auwer. Can reduce . nn...
and nai ntenance costs and ensure that fish «smsiva f00d 1 han howe

are hungry shich subsequentlv 1ncreases feed sain:ratinc
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3.4 EVALUATI ON OF COMMERCIAILY MANUFACTURED FEEDS

3.4.1 Source

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

3.4.2 Cost and Volume

A< discussed in Section 3,2.3, there are several types of feed
avai | abl e. Prices vary according to pellet size and fornul ation,
whet her for starter, grower or brood stock (Table 9).

The total estimted anount of dry feed required annually to raise
32,500 kg of fish is 48,75( kg, based on a feed:gair ratio of 1.5:!]
(Appendix 2). Following is a breakdown of estimted annual cost and
volume requirements of starter and grower feeds during full production,

again assuming a feed:gair ratio of 1.5.

Proportion Mear Cost Estimated Tot al Esti mat ed

per 25 ks Vol ume (kg) Total Cost
15% Starter $19.7¢ 7,313 $5,777.00
85% G ower $15.35 41,43¢ s25, 443. 00
Tot al 48,75 s31, 220. 00

nz]
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at lower or higher feed: gain ratios, annual feed costs will be reduced

Or inrrenced accordingly as illustrated helow.
Foaad:Cain Total Annual
Ratio Feed Cost
1.3 $27,057
1.4 s29, 139
1.5 $31, 220
1.6 333.3M

For delivery of the feed to vellowknife. Martin Feed Jilie has
guoteda price of $32.80 per 100 ;¢ of feed for orders in excess of
9,000 ;¢, For 1r tonnes of feed, the total annual transportation cost
t0 vellaulmife Woul d be approximtely $15, 745.

Asrnald  2rne. Ltd., Asinniveg. =wme also contacted to spovide an
estimate for the cost of shipping a years sypplv Of feed to

Vvellowlnife. Prices quoted are as follows:

juelph to Ednmonton $7, 200
Edmonton -~ vellewknife — 5. 100
Tatal Cost $12,300

Therefore, the minimm total cost, including transportation for
one ear’s supply Of commercially- manufactured iy feed delivered to

vellawknife 1S S43,601 (assuming a ceed:gain ratio of _s5:1y.

3.4.3 Availability

Comrercially rannfantiras ipv feeds are readily ivailania in large
quantities year round, daintainine sound records and ;illewing
sufficient time for manufacture and shipping -i11 ensure that shortages
of a particular feed or feed size do not ~rm

-z
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3.4.4 Handling and Storage Requirenents

Dry feeds do not require refrigeration or freezing. They are
treated with an antioxidant and hernetically sealed in plastic bags to
prevent breakdown of the fish oil and loss of «itamine. It is
i nportant that drv feeds do not becone danp or wet whirh Would result
in loss of nutrients and mouldy feed.

It is recommended that dry feeds be used within six nonths
ensure naxi mum quality. Their shelf life can be extended with

refrigeration or freezing.

3.5 EVALUATI ON OF INCALIY MANTUFACTIRED FEED

Manufacturing @ MDi St A~ wet feed from raw ingredients requires
specialized equipment such as grinders, nixers and esxtruders. laree
efrigeration Or freezer capability, and experienced personnel, high
qual ity supplenmental ingredients and above all, a reliable source of
fresh or frozen fish on a year round basis.

A moist feed fOr swim-up and  snall (<12 g) fish cannot be

economical ly manufactured on site. Specialized, expensive equipnent is

required to manufacture the small, high quality, discrete granule's
required for voung fish. A ~ommerciallv manufactured starter feed
wonld Still have to be inported for fish of < 12 ¢,

The foll owi ng sections svaluate the technical and economic aspects
of each of the ahave requirenents, Ffollowed b?- a@n ~verall avalnatinn Of

the feasibility »f manufacturing a noist feed locally.

3.5.1 Diet Formulation

T» manufacture a nmoist feed requires fresh fish and a varietv ~f
suppl enent al ingredients which nust ha included toO gzive the proper
nutritional halance and consistenc}” ‘.0 the feed. A= discussed in
Section 3.2.2 a noist feed is recommended ~ver a wot feed because of
its high palatabilitv, it< nutritional quality and 1~« moisture
content.

The specific diet fornulation of a nmoist feed i1l varv according
to the type of fish and other ingredients availahle @s well as the
species for whieh it is being manufactured. A general formnlation as
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provided by Dr. C.  Frantisi {(Connor’s Bros. Ltd. , Black’s Harbour,
N. B.) who has experience in manufacturing noist feed for Atlantic
sal mon and nore recently Arctic charr, is as fol. Ons:
45% raw fresh or frozen fish (whole or parts)
35% fish meal (herring or capelin)
% fish oil (herring)
0,4%  choline chloride
12-13% bi nder (wheat middlings)
1-2% vitamin and mineral prem x
The fresh or frozen fish recomrended for use is |ake cisco or
tulibee, which is an abundant trash fish of the Great Slave Lake
fishery. The remaining ingredients are available in bulk from nost
commerci al animal feed manufacturers. If specific quantities of all
ingredients, other than the fish are provided to the feed conmpany, it
can be mixed and bagged in ¥innipeg or Ednonton and shipped to
Yellowknife. This nmixture (35% of the total weight) can then be
conmbined with the raw fish as required to obtain the correct dietary
fornul ation.

3. 5.2 Equipment Requirements and Cost

The equi prment required for manufacturing a noist feed can be
satisfactorily supplied by manufacturers of industrial food processing
equi pment such as the Hobart Manufacturing Co. Ltd. in Don Mills,
Ontari o. The manufacturing process requires that the raw fish be
ground into small pieces, mxed with the supplementary ingredients and
extruded through dies of varying diameter to produce different sized
feeds of a hanburger |ike consistency.

Approximately 165 kg of feed would be required per day based upon
the proposed design (Appendix 2). Thi s could be nmanufactured on a
dailv Or weekly basis and frozen until required. A freezer facility of
at least 50 m® volume is recommended for feed storage.

Additionally, the fish must also be pasteurized before mixing with
the dry ingredients. This is done for two reasons. Using raw,
unpasteurized fish greatly increases the risk of introducing a di sease

into the resident fish population and secondly, the viscera of raw fish

[Cwz]
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contains an enzyme called thiaminase. Thiaminase breaks down the
vitamin thiamne in the feed which causes a thianine deficiency in the

fish resulting in convul sions and neuritis.
Total costs for the required equi pment as supplied by Hobart is as

foll ows:
5 hp 4146 Meat Ginder $5, 223
V-1401 M xer (including
bow and beater) s21, 496
424(W) Extruder S9, 105
TOTAL 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 dry 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 recomrended that |arge volumes of fish be
purchased when available and frozen to ensure that a shortage does not

occur.

3.5.4 Annual Cost of Manufacturing Feed

Based upon an annual production of 32,500 kg of Arctic charr and
assuning a feed:gain ratio of2:1,65,000kg of noist feed would have
to be nanufactured. Approxi mately- 7,313 kg of this total requirement
woul d have to be fulfilled by a commercially manufactured starter feed.
At a mean COSt  of $0.79/kg, this represents a cost of S5 777, plus

transport. O the remaining volume (57,700 kg), 43% of this (25,965

[coz
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key is conprised of rae fish and ssx (31,735 ke) of supplementary
i ngredients.
Feed - Rite villg. Wnnipeg wac contacted to provide a coOSt
estimate of supplying the required sypplementarvy ingredients iN bulk
quantities, prem xed and bagged. Following is a cost breakdown py

ingredient as quoted py Feed - Rite milie:

Tot al
8 /ko Vnlime ko) cost

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

6% Fi sh G | 1.68 3, 462 $5, 816

12% Wheat Middlines n.o7 6, 924 $1, 869
2% Choline, Vitamn

and Minaral Premiy 0.93 1.154 $1.073

TOYTATL. 31.735 $25, 692

To suppl enent the 4p ingredients raw, trash fish nust be
purchased regularly. According +~ Mr D Stewart, President of the
Fishernmen’s Federation in gav River, NNK T., fish and fish offal wania
he availahle at a cost of approximately, s0.25/ke on a sporadic,
neneAantrantial hacic ON a contract basis this cost wanid be consider-
ably higher, For a required estimted vnlima Of 25.965 ke fish per i

annum the tatal coSt Of tha pas, trash fish is z5.401.
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Therefore, the total estinmated cost of manufacturing a noist feed

in Yellowknife i s $43,060 and is broken down as foll ows:

Cost of Raw Fi sh $6, 491
Cost of Supplenentary |ngredients $25, 692
Costof Commercial Starter Feed $5, 777
Transportation Cost of Dry

I ngredients from Edmonton $5,100
TOTAL. COST $43,060

3.5.5 Storage and Handling Requirenents

The dry supplenentary ingredients are treated with an antioxi dant
and do not require freezing. The raw fish silage nust either be used
i medi ately or frozen. The final manufactured pellet can be refriger-
ated for several days or covered and frozen for subsequent use. a
m ni mum of one to two weeks supply of feed should be kept on hand in

t he event of a shortage of raw fish.

3.6 OOST COMPARISON BETWEEN MANUFACTURED AND COMMERCIAL FEEDS

The total cost of inporting a comercially mnufactured feed,
including transportation is s43,601. per year. Total cost including
purchase and transport of all ingredients of a |ocally manufactured
feed is approximately 343,060. Note that capital costs for equipment
purchase and labour are not incl uded.

Based on the absence of a cost difference (other than capitol and
labour) between the feed types, conmbined wth the higher palatability
and performance of fish on a npoist feed, it is recommended that a
|l ocal |y manufactured feed be used. If a reduction in the raw fish:dry
ingredient rati o does not affect performance, this will further reduce
feed -~osts and supply the Great Slave lake fishernen with a limited

market for their trash fish.

owz]



38

4.0 PHYSI CAL SU TABI LI TY OF JACKFISH LAKE

Jackfish Lake is located 1 kmnorthwest fromthe city of Yellowkn-
ife in an area of |ow rocky hills which are sparsely covered with bl ack
spruce, poplar and birch (Roberge and Gillman 1986). The | ake has a
surface area of approximately 60 ha with a mean depth of 6m. Like nost
precambrian shield lakes it is relatively unproductive.

The following sections will assess the limnological and bi ol ogi cal
suitability of Jackfish Lake to support an intensive culture facility
for Arctic charr.

4.1 LIMNOLOGICAL ASSESSMENT

4.1.1 Seasonal Tenperature Regine

The following evaluation is based upon information collected from
Jackfish Lake during 1980-1981 by Roberge and Gillman (1986),

Jackfish Lake is a dimctic |ake which circulates freely fromtop
to bottomduring the spring and fall and is directly stratified in the
summer and inversely during the winter.

In the spring of 1980, shortly after break-up the |ake circul ated
freely and water tenperatures rose uniformy throughout the |ake (Fig.
4a). By mid-May the |ake began to stratify with surface waters (11eC)
becom ng warmer than bottom waters (9eC). This warming continued
rapidly through the spring and early summer until surface waters were
up to 60 - 7°C warner than bottom waters.

During the sunmer, surface water tenperature reached a maximum of
19eC and the | ake becane stratified to a depth of 6m. Bott om wat er
tenperatures ranged between 10°C and 160c on 13 May and 22 August
respect ive ly.

Bv th,end of August water tenperatures had begun t. decline and
wind action had mxed the lake to a uniformtenperature of 16¢C to
within 1 mof the bottom Rapid cooling and conplete mxing continued
to occur and by the end of Septenber the |ake was a uniform 8<C (Fig.
43) . This uniform cooling continued until the mid to end of October

onz|
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when freeze up occurred. During the winter, water tenperatures ranged
fromOOC to 3.0¢C at the bottom (Fig. 4b} .

During the present winter survey (February 1987) water tenperature
ranged fro,goec at th,ice . water jnterface to 2.0°C at the bottom
(Fig. 4c). Differences in tenperatures between stations on Jackfish
Lake did not differ according to depth. The ice thickness below 0.6 m
of snowwas 1.0 to 1.2 min depth.

4.1.1.1 Effects of Water Tenperature on Cage Cul ture

Fish cultured in cages in Jackfish Lake would occupy space in
approxi mately the upper 5 mof water. Between the end of Mav and early
Septenber (Fig. 4a), the upper 5m of water exceeded 15°C and was
generally in excess of the optinmum growth tenperature for Arctic charr.
At 18C growth rates would be reduced by 50% from what could be
achieved at 130¢c and th, feed:gain ratio would double. Th, problem
during most of the summer therefore lies not in heating the water, but
in cooling it, Cool er water from the bottom 1-2 m would have to be
brought to the surface through the use of nechanical aeration devices,
Rising air will “drag” water with it to the surface, reoxygenating it
at the same tinme. However, the bottom water is virtually depl eted of
oxygen (Fig. 4a) and contains a high concentration of hydrogen sulfide
(H2S) which is toxic to fish. It is not known if’ mxing with an
aeration system would overcome these probl ens.

In winter the water in the vicinity of the cage culture operation
woul d have to receive the maxi mum degree of heat output fromthe NCPC
el ectrical generating station and be circulated continuously with an
aeration systemto prevent freezing. |f freezing can be avoided, water
tenperature would remain \-cry low (1°e-4°C) because recirculation will
keep the water in continuous contact with very cold air. At these
temperatures, Arctic charr will not feed and will suffer a net |oss of
“wei ght.

wzZ
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4.1.1.2 Effect of Water Tenperature on Tank Culture

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

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

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

However, because summer water tenperatures in the |ake are high, a
simlar problem is faced here as during cage culture in the summer.

Methods t. reduce temperatures and sulphur di oxide | evels would have to

be investi gated.

4.1.2 Seasonal Oxygen Regine

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

During the summer as the lake stratifies, the epilimnion (the
warm surface water) becones cut off fromthe hypolimnion (the cooler,
bottom water), Oxygen concentrations in the circulating epilimnion
remain relatively high while the hypolimnion becomes anoxic with an
oxygen concentration near zero mg/l (Fig. la). Because the volubility
of oxygen in the water also depends upon tenperature, |ess oxyvgen is
di ssolved in *the warm epilimnion, only 6-8 mg/l. Thi s approaches the
lower limt of 5 mg/l whichis required to prevent respiratory stress

and to maintain fish health, Duringthe winter after jce formation,
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the only generation of oxygen in the |ake occurs as a result of a very
| ow | evel of photosynthesis. The continued respiration of aquatic
animals and deconposition of organic material depletes nuch of the
available oxygen, particularly in the bottomI-2m (Fig. 4b). Should

oxygen levels bocome low enough, nortality of fish can result.

4.1.2.1 Effects of Oxygen on Cage Culture

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

During the winter, oxygen concentrations under the ice ranged from
2 to 14 mg/1 with a nean concentration of 10 mg/l. |If an area of open
water could be mmintai ned and circul at ed, sufficient oxygen nmight be
present, however the presence of hydrogen sul fide may pose a hazard.

Cages cannot phe NMaintained intact in the ice through the winter as

t hey would be easily destroyed.

4.1.2.2 Effects of Oxygen on Tank Culture

I ncoming warm water gained fromthe electrical generating station
will be very | OW in oxygen content due to the low volubility of oxygen
in water at high tenmperatures (a maximum of 7.0 mg/l at 35°C). There-
fore all incoming water derived from the NCPC station and from the |ake
must be oxygenated in order to satisfy the high oxygen denand of fish
reared under intensive aquiculture conditions. This should be per-
fornmed regardl ess of season as the process of os3genation will al so
rel ease gases which are harnful to fish, such as nitrogen (N: ) and
hydrogen sul fide (H2S), into the air, Tnis procedure i S very simple,

efficient and inexpensive.
A greater degree of control can therefore be achieved in maintain-
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ing high oxygen concentrations in a |and based operation than acage

culture facility.

4.2 WATER CHEM STRY

Lake water sanples were collected fromthe surface and fromwthin
1 mof the bottomat each of’' the five sanpling 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 water was analyzed for the presence of dissolved heavy
netals (Table 11). These are conpared with data collected from
Jackfish Lake by the Department of Fisheries and Oceans during 1977-78
(Table 12) and conpared to acceptable maxinum limts of water as
established b}- the U.S. Environmental |?rotection Agency (1979-8C) (Table
6).

4.2.1 Evaluation of Dissolved Mnerals and pH

All essential ions and dissolved ninerals examined from hater
coll ected from Jackfish Lake in 1977-78 (Table 11) and in 1987 (Table
9) fell within U S. EPA (1978-79) water quality standards with the
exception of calciumlevels which were slightly |ower than recomended
(Table 6).

Equilibrated pH | evel s however were extrenmely high. Before the
sanmples had equilibrated in the lab (by allowing CO; to escape), pH
levels averaged 7.5, normal for most lakes (Wetzel 1875). During
equillibration, levels rose and stabilized at a PH of 10.2-10.3. at
t hese very high levels, the concentration of unionized ammonia (NH;-N)
exceeds lethal limts to fish. Reasons for the high equilibrated pH
levels are not lmown and no explanation can be offerred for these
results (M. .M.Stainton,Department of Fisheries and @ans, Winnipeg,
Water Chemistry Section). It is strongly reconmended that further
water chemistry analysis, particularly on pH and ion balance be

rerformed.
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4.2.2 Heavy Metals Anal ysis

Ceneral ly, levels of the heavy metals iron, lead, copper and
magnesi um from water collected in February 1987 (Table 11) fell within
acceptabl e standards (Table 6). Zinc levels were slightly in excess of
maximum acceptable limts both during the present survey and during the
1977-78 survey as were |levels of nickel, copper and nagnesium (Tabl es
11 and 12). The | evel s observed are not significantly in excess of
recommended limts and would not be expected to represent a threat to
fish health. Concentrations of heavy netals from water sanpl es taken
fromnear the bottomare generally higher than from surface water
sanples which indicate that the sedinments act as a trap for heavy
metals.  Sediment sanpl es would be expected to have considerably higher
concentrations of heavy netals (Wagemann et al. 1978)

High levels of arsenic in lakes fromthe Yellowknife area have
been previously docunented (Wallace and Hardin 19’75, Wagemann et _al»
1978) .

Arsenic is a gange nineral, generated as a by-product from gold
mining operations of which there are several in the wvicinity of
Yellowknife. Arsenic is very soluble in water, and becones abundant in
the local atnosphere as a gas, in rainwater and associated wi th dust
particles, During 1975 arsenic levels were neasured in aquatic
invertebrates, sedinents, macrophytes and—water from |akes near
Yellowknife by Wagemann et al. (1978). Aquatic arsenic concentrations
as high as 5.5 mg/1 were found in kam Lake while levels up to 2.4 g/kg
dry wei ght (2400 ppm) of zooplankton were observed. There was however,
consi derabl e variation in arsenic concentrations wth tinme, |ocation
and speci es.

Levels as high as these were not observed from water sanples
collected during the present study (0.1 mg/l) or during the 1977-78
survey (0.14 mg/l), however they still significantly exceed U.S. EFA
acceptable limts {0.05 mg/1l) (Tables i1 and 12). Very little 1S known
about the sub-lethal toxicity linit of arsenic to aquatic organisns.
It is also not known if exposure to chronic |levels of arsenic such as
those presently found in Jackfish Lake are harnful to fish, nor is the

rel ationship between arsenic and the age and size cof fish known.
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Despite very high levels of arsenic in the water and in the
herbi vores, arsenic does not seem to become concentrated in carnivorous
or gani sns. Unlike other trace netals such as mercury, there is no
evidence of bicaccumulation through the food chain to higher trophic
| evel s, for example by invertebrates and fish. However, as intensively
cultured fish would not be consuming a natural food source, this night
limt the anpunt of arsenic incorporated in the tissue.

wallace and Hardin (1975) examned whitefish and northern pike
from Kam Lake and found a maxi mum level of 3.2 prm (mg/ke) in pike
muscl e tissue. According to the Canadian Focal and Drug act and
Regul ations (1S79), the maximum acceptable level of arsenic in fish
protein is 3.5 ppm. These fish would therefore still be acceptable for
commercial sale, although just barely. Further studx on the relation-
shi p between dissolved aquatic arsenic levels and the size and age of

fish i s strongly recommended.

4.3 Fish Health

Si x iake whitefish and two northern pike collected on 26 February
1987 from Jackfish Lake were evamined for the presence of protozoan,
bacterial and viral di seases by the Departnent of Fisheries and Oceans,
Winnipeg, Fi sh Health Secti on. No pat hogens were detected trom these
fish and they were judged to Be “di sease free”. A larger nunber of
fish should be examined before a definitive statenent as to the health

of the resident fish popul ation can be nade.

4.4 Tissue Analysis of Hydrocarbon and Organochloride Contani nation

Muscle tissue samples of the northern pi ke and whitefish species
captured were examined for the presence of hydrocarbon and organo-
chloride cent.amnation, These would result from chronic, low level
input due to chemicals or toxicants leeching intc the lake through
groundwater or via airborne [ ransport. At the time of publication,
results from <the crganochloride =scan were not available and will be
included as an addendum when received and interpreted.

No unusually high levels of hydrocarbons were tound in the pike or

whitetish muscie tissue. Trace levels of ethylbenzime, orthobenzene
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and xylene were found in both species which are believed to have becone
introduced as a result of long range atnospheric transport of
i ndustrial pollution. The | evel s of hydrocarbons found in fish from
Jackfish Lake are no higher than for fish found el sewhere in isolated

lakes in North Anerica (Dr. D. Miurray, Fisheries and Oceans, W nni peg,
personal communi cati on)
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5.0 EVALUATI ON OF THE NCPC JACKFISH LAKE ELECTRI CAL GENERATING STATION

Discussions were held with NCPC staff at the Jackfish Lake
electrical generating station on February 24, 1987. The Jackfish Lake
station has two diesel fueled generators, each with a naxi num
el ectrical generating capacity of 5 megawatts. The najority of
Yellowknife's power denmand is supplied by the 30 M+ Snare River
hydroel ectric station. The diesel generators at Jackfish Lake there-
fore only supply supplementary power during peak periods and normal |y
do not operate between June and August. In addition, an expansion of
the Snare River generating station is planned which may reduce the
demand for power from the Jackfish Lake facility. However, staff of
the Jackfish Lake facility expect power output to increase during the
next several vears. In 1986-87, 3,300,000 litres of diesel fuel were
burnt but is expected to increase to 5 nmillion litres in 1987-88 and 8
mllion litres in 1988-89.

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

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

The following sections will exami ne the relative advantages and
di sadvantages of cage culture and tank culture as they apply t.
Jackfish Lake. A brief summary and evaluation is detailed in Table 13,

6.1 Cage Culture

Cage culture can be defined as the intensive rearing of fish in a
freshwater or nmarine environment where fish are contained h'ithina
| arge net which is suspended in the inter by a floating frane.

6.1.1 Capital Investnent

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

facilities.

6. 1.2 Operational Cost

Operational costs of a cage culture facility are slightly lower
than in a hatchery. Less electricity is required to operate punps and
l'ights, less heat is required to heat buildings, and the cost of
mai nt enance is reduced. Reduced mai ntenance costs will also reduce the
cost of labour slightly.

A significant reduction in relative labour costs can only be
achieved through the econony of scale. An aquiculture facility
operates 231 hours per da>, seven davs a week. Staff nmust nor-mall} be
present 10-12 hours per day with sone provision for additional costs
incurred during harvest or for energencies during off-hours.

A high degree of security nmust alsc be present during off-hours

t
O

prevent theft or vandalism.
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6.1.3 Miintenance and Mbnitoring

The effort involved in the naintenance and care of a cage culture
facility is fairly low. Regular attention nust be paid to the physical
condition of the cages so that rips or tears do not go unnoticed which
woul d allow fish to escape. Nets nust be cleaned by divers at regul ar
intervals so that al gae does not build up on the nesh, thereby reducing
circul ation.

Monitoring the health of the fish is easy and conparabl e to that
of a tank culture system Changes in swinmming or feeding habits, a
reduction in growth or feed conversion and increased nortality are
easily observed and may indicate a potential environmental or biol og-
i cal problem Removal of nortalities is however, slightlv inore
difficult.

6.1.4 Water Quality

The water quality of |akes are generally of higher quelity than is
found in tanks. Provided there is adequate circulation or movenent of
water through the cage, oxygen |evels are higher and concentrations of
netabolic wastes are lower because they are carried awayv. As no
pumpi ng of water is required, the risk of a supply failure does not
exi st.

Water depth nust be at |east 6m over a substantial area with a
steep increase in depth near shore. Jackfish Lake barely provides this
in several areas (Fig. 1), being 77-8 mdeep relatively near shore.
However, according to NCPC station staff at Jackfish Lake, the lake is
subject to fluctuations in depth, with water |evels dropping from1-2 m
in dry vears. This factor conbined with the anoxic conditions which
exist in the bottom 1-3 m(Fig. 1a) of the lake during m d-sunmer and
winter coul d possibly reduce the effective, reliable depth to 4-5 m
wvhich i s insufficient depth for cage culture purposes.

The combination of an elevated nutrient |oad surrounding the cazes
and insufficient circulation (which is a strong possibility eiven the
small size of the |ake and lack of inflow or outflow) increases the
risk of eutrophication and developing an algal %loom. Should this

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

to be available to circulate and re-oxvgenate the water.

6.1.5 Gowh and Yield

Gowh 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 water quality found in cages.
Densities in cages rarely exceed 30-40 kg/m3, conpared to densities in
excess of 80-100 kg/m3 in tanks. Consequently, vield on a m?® basis is
lower in cages than fromtanks. This is conpensated for by maintaining
| arge volume cages.

As it would be very difficult, if not inpossible to hold fish in

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

Up. The conbi nation of low, fluctuating sumn=r water tenperatures and
short growing season would not guarantee the fish will achieve market
size in one season. If <the fish did achieve market size, they would

coincide with the harvest of wild charr and the market price would bo

| ower .

6.1.6 Environnent

En\-ironMental conditions present at Jackfish Lake malke the
feasibility of developing a cage culture operation extremely low. |lce
thickness on Jackfish Lake varies between 1 and 2 min depth with
anoxic conditions esxisting within 1-3 m of the bottomduring much of
t he winter. Water tenperatures would beiow, no more than ze_jo . and
any growth woul d be extremely low. Faeces, excess food and nitrogenous
wast es would accunulate in the water and sedinment in the vicinity of
the cages, causing a significant loss of water guality due to the lack
of circulation.

The area of open water surrounding the effluent outlet of the ~CPC
el ectrical generating station during February, 1986 Las small, |ess
than 800 m?2. The area of open water required for a small operation of

cix 10 m cages would bz approximately =I73 m?. Tenperature data from
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station 3, within 100 mdirectly offshore of the ice edge, was not
significantly different from water tenperatures elsewhere in the |ake

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

transfer or disease treatnent would be very difficult. Water coating
the delicate gill filaments would quickly freeze extensively danmaging
gill tissue, inpairing respiration and causing death.

During spring break-up shifting ice driven by high winds coul d
cause extensive damage to nets and the supporting frame resulting in

the possible escape of all fish.

6.1.7 Disease

There is a noderate risk of d.isease occurring anongst fish reared
in cages in freshwater, particularly in an environment containing
resident fish. The existance of a parasite, protozoan, bacterial or
viral disease in the resident population increases the risk of its
spread through the cage reared fish. Proper fish husbandry practices
can reduce the risk of infection, however this is fully dependent upon
the type and severity of the disease.
6.1.8 Predation, Theft and Vandalism

Loss of fish due to predation, frombirds and small mammals such
as mink and nuskrat is a common problem Predation from birds can be
prevented by placing string or a renmovabl e nesh over the cages but the
loss of all fish as a result of a hole froma muskrat is difficult to
prevent.

Poaching of fish from cages can also represent a significant |o0ss
of potential yield, which, conbined with the ‘ulnerability of cages and
fish to vandalism demands that a security system be instituted to

prevent unnecessary loss.

6.2 Tank Culture

Tank culture is the general term applied to any of a variety of
fish holding Facilities such as raceways, circular or rectangular tanks
and siles of varying size and construction, usually concrete, plastic.
or fiverglass. These systems are all land. based and occasionally
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encl osed. Where only a cold water source is available, it is recircul-
ated to elevate tenperatures and maintain a high degree of control.
The amount of fish which can be grown is limted by the volume of water
available. Recirculation will increase the anmbunt of water available,
but also increases the risk of high nortality due to a nmechanical

breakdown of the system

6.2.1 Capital Investnent

Capital investment in a |and based tank or raceway systemis very
high (Table 13). Land costs, buildings, rearing systems, construction
costs, plumbing and wiring, backup generators, vehicles,  punps,
aerators and other niscellaneous itenms were estinated to cost approxi-
mately S110,000in 1985 in Ontario for a nodest aquiculture facility
produci ng 22,700 kg of fish annually (Castledine 1986). In the N.W.T.
in 1988 or 1989, capital investment might run between S200, 000
$250,000.

The mmj or expenditures would be property, ‘building construction

o}
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and purchase of rearing facilities. A significant reduction in capitol
costs can be achieved through the use of low cost rearing units isuch
as culverts) within sinple, inexpensive encl osures. These can be
constructed of a heavy fabric material stretched over a nmetal frane and
partially insulated (M.Papst, personal conmunication).

Pumps and plunbing required to recirculate water, tenperat,
control nechani sns, aerators and a backup generator are unavoi dabl e
costs. This facility however inparts considerabl e =nvironmental
control capabilities, a particularly desirable characteristic given the
severity of the northern climte.

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

In addition a security syvstem would be required to alert staff in
the event of an electrical or water supply failure which would result
in Significant losses of fish.

The high capital costs associated with this type of operation nust

be held toa mninumif it is to be economically viatble.
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6. 2.2 Operational Costs

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

tank cleaning and other factors will al so increase labour costs.

6.2.3 Mintenance and Monitoring

The degree of nmaintenance and nonitoring of a recirculating
culture system is relatively high. Maintenance of equi pnent {pumps,
generators, aerators, etc.) and nonitoring of tenperature, oxygen
ammoni a |l evel s and flow rates are required. However, the greater level
of control and security provided conpensates for +the increased complex-

it}- and expense.

6.2.4 Vater Quality

Water quality paranmeters in tanks or racewavs can be maintained at
an acceptable level by the effective renpval of suspended solids and
et abol i ¢ wastes and reoxygenation of the water.

In single pass systems, water is circulated only once, so that the
fish receive fresh water exclusively thereby maintaining high water
guality. This is only practiced h-here there are very large vol umes of
water available of a suitable tenperature for rapid growth. In Canada
as nmost of our ground water is cold (6°-8°C) all year round a signific-
ant proportion (20-30% of the annual operating budget would be
consumed by heating costs (Avles et al. 1980, McNown and Seireg 1983).
Recircul ati ng 90-85% of the water minimzes fresh water demand while
providing large savings in heating costs. The increased cost and
mai ntenance of a recirculating systemis justified in nost cases
because recirculating water inparts a high degree of environmental
control, stock management, and di sease control {Muir 1981, MchNown and
Seireg 1983} .

The out put of the NCPC Jackfish Lake electrical generating station
could potentially satisfy the total thernmal demand of a facilitx
| ocat ed there. However, a non-scheduled shutdown of +the waste heat

source would result in a conpl ete exchange of cold water in the tanks
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within a mtter of m nutes causing a severe thermal shock and possible
heavy | osses of fish Ayles et al. 1980).

The construction of recirculation and a water storage or mxing
tank would act as a buffer to ameliorate the effects of a shutdown over
several hours. The effects of variable thermal output by the station
as k-en as seasonal differences in |ake water tenperature would also be
m ni m zed. In addition, managenent and control of the water supply and
treatment of diseased fish would be facilitated as residency time of
treated water would be increased twenty fold.

6.2.5 Gowh and Yield

Despite slightly lower growth rates of fish in tanks than in
cages, the densities at which fish can be raised in tanks are at |east
doubl e that of cages. Yield on a cubic metre basis is therefore
consi derably higher. Based upon the proposed 10 tank system (Appendi x
2), between 5 and 6 harvest periods per year are possible. This
rotational system has the ability to provide a constant, consistent
supply of fresh charr which is not possible in cages. The ability to
provide fresh fish to brokers, restaurants and retail outlets reliably,

15 an inportant facet to a successful commercial operation.

6.2.6 Environment —

The environment in a tank Or raceway 1S under strict control by
the aquaculturist. Water tenperature, flow rate, water quality, light
and other environmental factors are easily manipul ated. The fish are
not exposed to the environmental or seasonal extremes in heat and col d,
ice conditions, fluctuating water tenperatures and light, to which they
would be exposed to in cages. Should the water source becone poll uted
idue to an oil spill or chem cal dunp) the inlet source could be
relocated and intake volumes reduced in order to filter or at least

mnimze the effects of such an occurrence.




6.2.7 Disease

The risk of fish reared in a tank or raceway contracting a di sease
can be less than fish reared in cages, if a high level of water quality
is maintained. The opportunity of filtering or treating incomng water
exists IN a tank facility where it does not in a cage facility.
Treatment of infected fish in a tank is also easier and nore etfective.
Again, it should be stressed that the nost inportant facet of disease
prevention is avoidance through the inportation of only “certified
di sease free"” fish.

Tank culture also allows different groups of fish to be isolated,
not only fromresident fish but fromeach other. In this way if one
group of fish becomes infected with a disease, the risk of transmi ssion

tween fish or through the water supply i S negated,

6.2.8 Predation, Theft and Vandalism

Al though predation is not a factor in tank culture, theft and
vandalism remain a consideration, Because hatcheries support large
numbers of fish in an extremely small area the?- are very vulnerable and

a security system would have to be established.

onz

z]




7.0

35

CONCLUSI ONS

The intensive aquiculture of Arctic charr in the XNorthwest
Territories is considered to be biologically and technologically
feasible. Jackfish lLake appears tobe a suitable |ocation based
upon the availability of an abundant supply of waste heat,
conveni ent access to transportation and the presence of an

abundant source of +rash fish from which to manufacture feed.

Based wupon available water quality information, a definitive
conclusion as to the suitability of the water of Jackfish Lake to
support an aquiculture facility cannot be made. Arsenic levels
which exceed U.S. EPA (1978-79) accepted standards and a suspected
pH i nbal ance may pose a threat to fish health and jeopardize
aquiculture opportunities. Further study on both of these aspects

i s strongly recomended.

Cage cultureof Arctic charr in Jacktish Lake, N.W.T. s not
r ecommended. The traditional risks associated with cages such as
di sease and water quality conbined with cold water tenperatures, a
short growing season and the unpredictability and extremes in
environmental conditions found in the north create an unacceptabl e
level of risk. The potential for failure exceeds the likelihood

of success.

tank oOr raceway svstem IS recommended as being the most
practical facility in which to raise Arctic charr. Such a
facility will provide the high degree of environmental control
required for aquiculture in the Arctic, reduce risk to an accept-
abl e level and greater enhance ecoromic return. It is the opinion

of the author that these benefits exceed the deterrent of a high

capital investment.
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Despite the apparent biological and technol ogi cal feasibility of
aquiculture in +he Northwest Territories, ultimately the success.
ful culture of Arctic charr depends upon econom c considerations.
These include high transportation costs, high capital and opera-
tional costs in the Northwest Territories, high risk, an insecure
mar ket , conpetition fromother wild and aquiculture fish and

relatively | ow product value.

The economics of a tank or raceway culture svstem can only be
i mproved by keeping capital investment to a mininum  Inexpensive
rearing and housing units for the fish should be |ocated before

proceedi ng further.

To ensure that maximum growh rates are achieved, water tenpera-
tures should be maintained as near as possible to the optinmm

growth tenperature of charr (i2e0-130 C).

Arctic charr should be raised to pan size (250 g) for introduction
to the market, Pan size charr kill not conpete with the wld
product and because growth rates of |arger fish are reduced, a

hi gher turnover is maintained resulting in a greater return,

wWith the exception of capitol and labour costs, there is no
difference in the cost of inporting a comercially manufactured
feed versus the local manufacture of a moist feed using trash fish

fromthe Great Slavelake fishery.

A moist feed should therefore be manufactured due to the greater
pal atability and performance of fish fed a npist feed. In
addition, =a portion of the money spent for the purchase and

manufacturing of the feed woul d stay within the community.

]

Cunz

(



10.

[ey
[y

37
Identification of further suitable sites for intensive aquiculture
in the h-orthwest Territories should be based upon the follow ng
prelimnary investigations being carried out. These include:
i) Performance of a conplete water quality analysis to
i ncl ude essential ions, dissolved solids and heavv netals.
i) Anal ysi s of tissues from resident fish species to

determine the levels of heavy netals and other contam

inants such as pesticides, ~s and other organic
t oxi cants.
i) Anal ysi s of tissues of resident fish for the presence of

pat hogeni ¢ bacteria and viral organi sns.

i) Access to a sufficiently large, reliable source of trash
fish fromwhich to manufacture a noist diet.

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

Vi) Ready access to convenient |and and air transport.

vii) Knowledge of the seasonal changes in limnological
paraneters such as depth, oxvgen, tenperature, salinity
and hydrodynani cs.

viii) | dentification of potential hazards such as mines,

pi pelines, toxic waste disposal sites, or facilities which™

m ght pose a threat to water quality.
Construction and inplementation of such a facility, even if
‘uneconomical at this tinme, may becone economcal in the near
future. Devel opment of the necessary technology will have been
acconplished and the facility could serve as a pilot - commerci al
feasibility- operation which could be utilized and receive |inited

funding from interested industry and government agencies.

]
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RECOMVENDATI ONS FOR FUTURE STUDIES

It is recommended that before an aquiculture operation is
initiated, the actual relationship between arsenic in the water
from Jackfish Lake, N.w.T. and arsenic concentrations in t he
zooplankton, and tissues of resident whitefish and northern pike
be det ernined. The effect of the arsenic level in the water on
the growth and health of fish being fed a manufacture diet should

be fully researched.

Presence of the suspected pH inbalance and reasons for its
occurance shoul d be elucidated. Whether this condition actually
exists or whether these values represent an anomally i S not known
and additional water quality data should be collected as soon as

possi bl e.

The collection of general water quality and chemstry data from

Jackfish Lake should be continued for a one year period.

It is recomended that an econom c evaluation and mérketing study
of artificially reared Arctic charr be perforned. The local
demand for fresh charr during periods when they are not competing
with wild fish should bhe stressed i,the study.

The tenporal availability, exact costs and |logistics associated
with purchasing fresh trash fish fromthe Geat Slave Lake fishnen

shoul d be further investigated.

A minimum of two distinct, disease free popul ations of Arctic
~harr should be identified, These stocks shcould each be eval uat ed
o determ ne which strain denonstrates the highest growth rate and

vhe lowest feed:gain ratio and mortzlity rate.
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The design for a conpletely functioning hatchery/tank culture
system, capable of producing a mininmum of 32,000 kg of fish per
year, with room for espansion, should be conpleted. Al construc-
tion and equi pment costs, and labour and operational costs should

be detailed for inclusion in an economc feasibility study.
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