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ABSTRACT

Production techniques, site selection, survivability, feed
conversion and growth rates were exanined for rai nbow trout
(Salmo gairdnerji), Arctic char (Salvelinus alpinus), and br ook
trout (Salvelipus fontinalig} reared in cages in northern
Saskat chewan. The prgjec. tock place at Devil Lake during the
period of June 1989 to Septenmber 1989.

Qut of the 85,784 fish stocked in June and July, only 53.5%
(45,923 fish) remani ned at the end of Septenber. High water
tenperatures contributed to gill disease, fungal infections znd a
suspected _Aeromonas spp. infeccion. A maxinum water tenperature
of 24.50C was neasured, and no distinct thermocline was found in
the | ake. Mortalities were estinmated at 24.7% (21,200 fish) and
unaccount abl e | osses and escapes at 21.7% (18,656 fish).

55.7% of the rainbow trout stock survived the extremely high
wat er tenperatures, all the Arctic char died, and 2% of the brook
trout stocked survived.

Average fish weight at the beginning of Septenber ranged between
58.1 g to 141.7 g. This is well bel ow the marketabl e weight of

280 g. Poor growth and feed conversion ratios occurred due to

hi gh water tenperatures and di sease outbreaks.
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PROJECT OBJECTIVES

TO compare and examir.e cage culture production of Arctic char
(Salvelinus alpinus) and brook trout (Salvelinus_fontinalis)

with rai nbow trout (Salmo geixdneri) reared ander northern
Seakatchewan conditions.

| NTRODUCTI ON

Cage culture of rainbow trout has been investigated over the
|ast 5 years in northern Saskatchewan lakes (Ivanochko, 1987,
1989). Progress continues to be made in devel oping a
technol ogy suited for f.sh culture under northern

Saskat chewan environnental conditions.

Very little information is available on the cage culture
production of fish species other than rainbow trout in
Saskatchewan. 1989 was the first year that certified

di sease-free stocks of Arctic char and brook trout were
avail able from the nearest hatcheries. Orginally, Atlantic
sal nron {Salmo salar) were to be included in the project, but

were later found unavail abl e. Instead, the cage culture of
triploid rainbow trout will be exam ned when they becone
avai |l abl e. The general belief of culturing species other

than rai nbow treut in northern Saskatchewan is that
diversification may help reduce the dependence on rai nbow
trout markets in the case of overproduction and the decline
of market prices (Honer, 1989).

During the sumrer nonths of 1989, 82,284 rainbcw trout, 1000
Arctic char and 2500 brook trout were obtained from four

di fference hatcheries and stocke-d into Kames cages at Devi
Lake, in northern Saskatchewan.

PRODTUCTION METHODS
3.1 Site Selection

Devil Lake is part of the northern Churchill river sytem
and is situated between two sets of rapids (Little Devil,
Mirray Rapids and Oter Rapids) (Figure 1). It is

| ocated approximately 3 km north from the town of
Missinipe, and 80 km north fromthe town of La Ronge.

The | ake was chosen in the hope of high saturated

di ssol ved oxygen coming from the rapids. it was al so
hoped that relatively | ow water temperatures (bel ow 180C)
woul d be experienced during the hot season. In addition,
water depth was found to be over 20 feet in nmany areas.

The site is also closer to the processing facility in La
Ronge than the previous site at Besnard |ake, and power
will be available at a later date when the site is
further devel oped.
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An initial site was chosen for setting upthe Kames
cages and was located 1/2 km from a public dock. Later,
this site was found unsuitable because of heavy wi nd .and
wave action pushing cages into shallower water and
causing nets to drag along the bottom On July 13,

el even cages (with fish) and a trziler on pontoon5
(Figure 2) were noved to a nore suitable site situated in
a sheltered area with a water depth between 25 to 30
feet.. Figure 3 illustrates the final arrangenent of the
cages, and water current readi ngs found near the cages.
The water current was found to be significantly higher

than at last year’'s site, Pesnard Lake. The trailer on
pont oons provided housing for the on-site worker. Before
wnter, it is proposed to have built on shore, a feed

storage facility, insulated housing for staff, and a road
cleared fromthe site to the highway.

Equi pnent

Kames cages, inported froma British Colunbia supplier,
were constructed in La Ronge and used at Besnard Lake
last year (Figure 4). Thirteen of the twenty-two cages
at Besnard Lake were dismantled and transported to Devil
Lake at which time they were reconstructed and arranged
for the stocking of the fingerlings. The cages were
transported to Devil Lake at various tines during the
summer nont hs when new shi pments of fingerlings were to
arrive; or stocking densities needed to be |owered by
dividing the fish into nore cages. The floating cage
system has styrofoam bl ocks placed under the wal kways
whi ch provided the flotation. The cages were 4.9 m x
4,9 m (16 x ,16 ft) and consisted of a nmetal frane and
treated | unber. Each individual cage was attached to a
steel cableby an eye-bolt clanp. The steel cable
stretched across a bay and was anchored to rocks on the
shore. ENgine blocks were used as additional anchors to
reduce cages drifting into shallower areas by wave and
wi nd action.

Vari ous sized nyl on-nesh nets were used during the course
of the summer nonths (Table 1). A 1/2 inch mesh net was
used initially until the fingerlings reached a |ength of
5 to 6 inches at which tinme nost of the nets were changed
with 3/4 inch nesh. An exception to this was the Arctic
char, which were placed in a 1 inch nesh, because they
were considerably larger (9 inches) than the other
fingerlings. Larger sized nesh allowed for nore water
nmovenent through the cages thereby providing better water
quality for the growing fish. The depths of the nets
varied with the size of the nesh and resulted in a wide
range of volumes available for the fish. Bleach bottles
filled with sand were usedas anchors to keep the nets
square
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Figure 1. Map of Devil Lake illustrating the location of the
cage farm the public dock, and the access roads.
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Figure 2. A pictorial representation of the trailer on pontoons
and the cages , at the initial site on Devi 1 Lake.
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Table 1. The nets used for the various sized fingerlings stocked
at Devil Lake, with resulting volunmes and | oadi ng
densities.
~Net Mesh Fi ngerling Dept h Vol umes Loadi ng Size
Size (inches) Size %inches) (m (m3) Densities
(kglins)
2 <5 3.1 (1o ft) 56- 68 2-4
34 5-7 4.6 (15 ft) 71-97 3 - 10
1% >7 9.2 (30 ft) 182 0.1-0.6
* Used by the Arctic char
Table 2. Hatchery stocking summaries for Devii Lake
Hat chery St ocki ng Date Cage # St ocking # Speci es
Trout Haven Ranch June 14, 1989 1A,1B,24, 40, 000 Rai nbow
(Buffalo Gap, trout
Sout h Dakot a)
MeNabb Trout Farm June 21, 1989 6 1, 000 Arctic
(Saskatoon, SK) char
Keet Trout Farm June 21, 1989 8 2,500 Br ook
(Saskatoon, SK) trout
F.Q. Aquafarms July 1, 1989 4A,48B, 5A 22,284 Rainbow
(Nipawin, SK) 5B t rout
McNabb Trout Farm July 8, 1989 7A, 7B, 7C 20, 000 Rainbow
(Saskatoon, SK) trout
TOTAL: 15 cages* 85, 784

# Only 13 cages were actually needed.

Demand feeders were installed nmidway into the summer

six cages and for the rest of the cages near the end of

sunmer .
project in order
spel |'s. Feed was wei ghed out
el ectroni c bal ance.
wei gh- ups.

at er
YSI Mddel 51B Dissolved Oxygen Met
Pi pe Current Meter,
Secchi disk and a pH Hach kit.

limted to the availability of the equipnent,

i nst ances was not wvery reliable.

er,

quality monitoring used a variety of equipnent,

Hand feeding was mainly relied on during the
to observe the fish during the hot
in buckets using an

This bal ance was al so used for fish

a

for

a
a Price's Electric
a max-min nercury thernmoneter,
Wat er

gquality testing was

and in sone

"




3.4

Fingerlings
Several fingerling shipnents were made for the project
from four different hatchery sources (Table 2). The fish
were transported by truck in insulated tanks wiinh hinged,
vented lids, 12 volt aerators and oxygen were providea.
Every effort was nmade to minimze stress duiing

transport. Densities in the tanks were kept |ow and
tenperatures were kept cool while oxygen was supplied
Fingerlings were renoved fromtransport tanks with dip
nets and¢ stocked into available cages at Devil Lake.
Tenperature and di ssolved oxygen were nonitored in the
transport tanks and every effort was nade to acclimtize
the fish to the | ake water tenperature ie. stocking fish
during the night when the |ake tenperature was the

cool est during a sunmer hot spell.

On June 14, 40,000 rainbow trout fingerlings (4-5 inches)
were transported from Trout Haven Ranch in Buffalo Gap,
South Dakota, and stocked into 3 cages in Devil Lake.
These fish cost approxi mately $0.21 each (including
transport) . The fish were later divided into 3 nore
cages during the course of the sumer (on July 11, 13,
and 15).

On June 21, 1000 Arctic char (9 inches) and 2500 brook
trout (4-5 inches) were transported to Devil Lake from
McNabb and David Keet Trout Hatcheries (Saskatoon)
respectively. The cost (including transport) of each
Arctic char and brook trout fingerling was S1.50 and
$0. 50 respectively. Two cages were used for stocking
each speci es,

On July 1, 22,284 rainbow trout fingerlings (3-4 inches)
were transported to Devil Lake from ¥.Q. Aquafarns,

Ni pawi n, Saskatchewan and initially stocked into 2

cages, The fingerlings cost approxi mately S0.27 each
(including transport). Two ot her cages were later used
to divide the fish into |ower densities (on July 30, and
August 16).

Therefore, a total of 85,784 fish were stocked into Devi

Lake during the early summer mont hs and cost
approximately $23,960 (including transport).

Feed Rations

Feed requirenments were estimated to a percent body weight
fed per day based on fish size and water tenperature.
Using this as a guide, fish were hand-fed to near
satiation daily. Fish were generally starved the day
before, the day of and the day after any handling events

ie. weigh-ups, cage splitting, etc. to mnimze stress

GES SuA o
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and oxygen denmand. In addition, l|ess feed was given
under other stressful conditions ie. extrenely high
t enmperatures and di sease. Daily records were kept on the

type and anmount of feed fed to each cage. Feed was
obtained from Martin Feed MIls Ltd. in Elmra, Ontario
and stored in Saskatoon. Wen feed was required for the
Devil Lake site, it was picked up from Saskatoon by a
marketing and fish delivery van. The feed was in a

pel leted form of varying size depending on' the size of
fish (Appendix 1 & 2), and was packaged in 25 kg plastic
bags. At the site, feed was stored outside the trailer
covered with a tarp or put in large garbzge cans. Denmand
feeders were later installed for the cages and enabl ed
the fish to self-feed by hitting a descending narked wire
attached to a feed hopper. This action rel eased small
amounts of feed off of a plastic platform Past
observations have indicated better growth rates, |ower
feeding conversion ratios, a nore even distribution of
growmh within cages and | ess labour required when using
demand feeders instead of hand feeding (Ivanochko, 1987,
Christensen, 1988). Demand feeders were not used ...
initially at Devil Lake in order to observe the fish
feeding during the high water tenperatures and disease
out br eaks. Demand feeders were filled twice per day with
1/2 the daily ration each and hand feeding varied between
three to six tinmes per day.

3.5 Monitoring

i. Fish lInventories

Fi sh wei gh-ups were conducted five tines during the
summer, on July 5 & 30, August 13 & 29 and Sept enber
12, 1989. Approximately 1-2% of the fish in each
cage were welighed to give a representative weight for
all the cages. The representative weights were used
to deternmine the average weight per fish and the
nunber of fish estimated in a cage. Accunul ated
nortalities were deducted to estinate the size and
nunber of the standing stock. In addition, weight
gains, feed conversion ratios and |oading densities
were extracted from the information gained. The

wei gh-up procedure was relatively sinple using dip
nets, garbage cans and a “touchy” electronic

bal ance. Fish were not weighed at the tine of

st ocki ngs. Initial weights and |oading densities
were estimated by the use of a |ength-weight table
(Piper, RG, L-B. McElwain, L.E. Orme, J.P.
McCraren, L.G. Fowler, and J.R. Fish, 1982). Fi sh :
I engths and the nunber of fish transported were ;
reported by the hatcheries.




ii. Water Quality

managenent practice which can help predict conditions
| stressful to salmonids (Robertson, WD., K.R. Wod &
' A.J. Sippel, 1987). Tenperature was nonitored daily
at the cage site on Devil Lake and at Besnard Lake
(last year’s site) using a max-nmin nercury
t her noret er . The tenmperature was recorded at two
tines during the day, in the norning and later in the
afternoon; at the surface, ten feet below and at the.
bottom (between 20 to 30 feet bel ow), Di ssol ved |
oxygen was nonitored approximtely tw ce per week at
Devil Lake using a YSI Mddel 51B Dissolved Oxygen
Met er . This neter was at tinmes not reliable due to l
poor calibration and battery failure. Turbidity was
nmonitored regularly using a Secchi disk to rougKIy
estimate the algal densities over the summer
mont hs. PH was nonitored during the course of the 5
summer to deternmine the alkalinity of Devil Lake.
Water current neasurenents at the Devil Lake site
were nmade using a Price’'s Electric Pipe Current g

Ongoing nonitoring of water quality is a risk I

Met er.

4. RESULTS AND DI SCUSSI ON

4.1 Site Selection _and Analysis

The criteria used to evaluate potential cage culture
sites, and a conparison between Devil and Besnard Lake
sites are shown in Table 3. The site at Besnard Lake is
poor for raimnbow trout culture in regard to water
exchange (Appendix 3 & 4). Water novenent is negligible
in renmoving accunul ated wastes from the bottom and
repl enishing fresh, fully saturated oxygenated water. In
addition, extremely high water tenperatures ie. reaching
rai nbow trout upper lethal lints have been (and were)
experienced during sunmer nonths. The dissol ved oxygen
also fell below 5 ppm in the nmornings for several weeks
in past summers (Ivanochko, 1987, 1989). Heavy algal
growth on nets was pronoted by high water tenperatures,
whi ch further decreased water exchange through the
cages. Di sease outbreaks were not uncommon during the
periods of high tenmperatures and poor water quality at
t he Besnard Lake site. Last spring, heavy nortalities
were experienced at ice break-up, and were attributed to
a presuned production of hydrogen sulphide from the
‘ degradation of bottom waste material. Therefore, the
site at Besnard Lake was found to be unsuitable for
rai nbow trout cage farm ng

&3
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'‘able 3. Cage culture site analysis criteria and a conparison between
Devil Lake and Besnard Lake cage sites.
rage Culture Citeria Devil Lake Besnard Lake
'arameters Fish Farm Fish Farm
later tenp. RB.T.: optinum 15-180C 15.9-24.50 15-270C
| et hal : 25+0C
A.C./B.T.: optinum 13-17oC
| et hal : 1740 C
| ater depth should be at |east twice 25-30 ft. 18-22 ft
as deep as the nets used
later quality:
i.. D.O. -greater than 5.0 ng/l- >5.0 mg/1 <5.0 mg/1c
,ii. PH -suitable: 6.7-8.6 7.8 7.8
{i1. Turb. -low al gal density 8-11 ft. (mod) 6-8 ft.
(heavy)
iv. H2S -less than 0.002 mg/1 no Hs found | ethal ?
dater current -sufficient for waste 0.0169-0.0845 negligible
di spersion, oxygen m see
di stribution/exchange &
flushing of nets
Shelter -from severe winds/wave shel tered shel t ered
action & ice break-up
lce free -ideally open water year- ice formation ice
round 1 f overwintering (m1d?) formation
want mld break-up (heavy)
Security -avoid sites with vandal i sm vandal i sm
Potential vandalism potential, potenti al
-may require site tender site tender si t et ender
Power -ideally, hydro electri- accessible to no power
city directly to site power avai | abl e

for

housi ng & equi pnent

Site access

-cl ose,

to reduce costs

and stress to fish
during transport

close to
facilities
road access
to site under

relatively
close to

facilities
road access

devel opnent to site
Conparability -avoid possible conflicts possi bl e possi bl e
with other users, conflicts: conflicts:
commercial Of fishing, fishing,
recreation tourists tourists
a. Based on Robertson et al. (1987)
b. R.B.T. - Rainbow trout, A C., Arctic char, and B.T., brook trout
c. F

6und on hot summer norni ngs (Ivanochko, 1989).
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Figure 7. Water tenperatur, recordings fromthe surface, 10 feet
below, and from the bottom npnitored from July 6 to
Septenber 12, 1989, at Devil Lake.
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Devil Lake was chosen in the hope that it would increase
growth and survival of the fish stocked, by providing
fully saturated dissolved oxygen at all tines fromthe

i ncom ng rapids. Hopefully, the site would also have
sufficient water current for water exchange to renove
accunul ated wastes from the bottom |ower water
temperatures in the sunmers, and have no problens with
hydrogen sul phide production in the spring.

Devil Lake was found to be fully saturated. with dissolved
oxygen throughout. the unusually hot sumer. Wat er
tenperatures were found to be high (Figure 5) and
contributed to the high fish nortalities experienced from
June 19 to Septenber 12, 1889 (Figure 6). However, the
water tenperatures at Devil Lake were found to be
generally lower than nmeasured at Besnard Lake (Appendi x
5). Besnard | ake also experienced heavy nortalities
during the summer hot periods (Appendix 6). It should be
noted that Besnard Lake had considerably |ess fish being
reared (approximately 40,000) with the majority being
much ol der (Appendix 7). The ol der fish appeared to
handl e the thermal stress much better than the
fingerlings stocked by having little or no disease

out breaks, higher survival rates and better growth and
feed conversions.

Devil Lake was quite deep (25-30 feet), but no distinct

thermocline devel oped over the summer. Bott om wat er
tenperatures were generally 1-20C cool er than surface
water tenperatures (Figure 7). The generally constant

tenperature regi ne throughout the water colum was
probably due to mixing by the wind and wave action

Water current near the cages was found to be relatively
small, but was significantly greater than neasured at
Besnard Lake. In addition, algal build-ups on nets may
be limted by the current and wave action, as |ess build-
ups were observed at Devil Lake than conpared to Besnard
Lake. pH did not account for the difference, as both

| akes were slightly alkaline (7.8) Secchi disk readings
indicated slightly less turbidity in Devil Lake than in
Besnard Lake. c

Fish Mrtalities, Unaccountable lLosses and Escapes

A summary of the Devil Lake fish stockings are shown in
Tahle 4. only 45,923 fish (53.5%, out of the 85,784
fish stocked, remained after the long sunmer of extrenely
warm wat er tenperatures and di sease out breaks. The fish
| osses (46.5% were considerably higher than in past
years, with 24.7% being attributed to nortalities, and
21. 7% being attributed to unaccountabl e lcsses and
escapes.

R BB G e =
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Heavy nortalities (above 500 morts/day) began to ircrease
on the 27th day of stocking (July 16), corresponding to
the increasing water temperature (reaching 22+oC). The
nortalities continued to surge upwards, peaking at 1330
morts/day on the 42nd day of stocking (July 30), and were
associ ated with the nmaxi num water tenperature reached
over the sunmmer (24.5¢C). The nortalities began to
drastically decline as the water tenperatures cool ed
during August and Septenber. However, the thermal stress
had done its damage as many of the fish had succunbed to
di sease. (bservations of nost of the nortalities
reveal ed damage to the gills; with fusing of gil

lamellae, necrosis of the gill tissue, and erosion of the
surroundi ng opercula. |n addition, ascites were found in
the body cavity and had caused the characteristic
“bloating” of the abdonen, observed in noribund fish

None of the nortalities were sent for a |laboratory ---
di agnosi s; but bacterial gill disease (Myxobacteria se. )
was suspected as to the cause of the gill damage and
associ at ed probl ens. Many of the nortalities also had
body danmge, nost often posterior and dorsal |esions.
Some of the lesions nay have been caused ty predators
attacking the fish from above or through the net; but
nost of the lesions were characteristic of an Aeromonas
type infection. In fact, in 1985, rainbow trout
nortalities (from cages in northern Saskatchewan) were
positively identified for an Aeromonas hydrophila
infection brought on by a conbination of stressors ie.
hi gh tenperatures, poor water quality, and excessive
handl i ng. (Christensen, 1988).

Fish |l osses of 21.7% of the fish losses (18,656) were
attributed to unaccountable |osses and escapes. The 1/2
inch mesh nets, that were used for stocking the less than
five inch fingerlings, were nmade of a very fine material
which was prone to tearing from contact with the bottom
or attacks from fish predators. The damage resulted in
hol es large enough for fish to escape. The nets had cone
in contact with the bottom through wi nd end wave action
at the initial site on Devil Lake, and when the cable
broke (July 21) at the the final site. Hol es were also
caused by the frequent attacks of northern pike (Esox
lucius), or walleye (Stizostedion vitreum). Thus, large .
holes, which were finally detected during inventories,
had al |l owed for an undeterm ned number of fish to

escape. In addition, a mscounting of the nortalities
may have occurred, as the counting of nortalities was
sonmetines estimated due to the sheer volune needed to be
counted. This estimation would affect the nunbers
reported for either nortalities, or unaccountable |osses
and escapes. Predation may have also contributed to a
certain percentage of the unaccountable |osses

recorded. Bird “ie. gulls and kingfishers and predatory
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fish attacks may have renpved fish from the cages as
their prey.

The survival rates varied dramatically between the

speci es. None of the Arctic char survived and 2% (51
fish) of the brook trout survived. The rainbow trout
tolerated the higher tenperatures nuch better than the
other species with survival rate of 55.7% (45,872 fish).

i. Arctic char

The Arctic char nortalities tegan to dramatically
increase on the 19th day of 41heir stocking (July 10)
and continued until the 36th 4ay (July 25) when al
the fish had died. The nortalities corresponded to
wat er tenperatures rising above 19oC. Every effort
was made to save the fish including the use of a 30
ft. net in the hope that the char would take
advantage of the slightly cooler water below. In
addi tion, feeding was reduced and then stopped.
However, the optinmum water tenperature for the growh
of Arctic char lies between 12-140C, and tenperatures
of 180C and above becone |ife threatening (Eriksson,

L. & B. Wiklund, 1989). Thus, t he water temperatures’

at Devil Lake had reached lethal limts for the
Arctic char. In addition, the Arctic char were not
in top formcomng fromthe hatchery. Many of the
char, wupon initial stocking, had “gaping” jaws ie.

j aws extended open at all times, which definitely
affected their feed intake and survival. Thi s
condition may have devel oped in the hatchery as the
transporting and stocking of the fish was conducted
with mninmal stress and few nortalities. The Arctic
char succunmbed t» fungal infections which resulted in
blindness, tissue deterioration and finally death.
Glls were not observed to be damaged, thus bacterial

gill disease was not suspected as a cause of death.
ii. Brook trout

The brook trout suffered simlar |osses as the
Arctic char. Heavy nortalities began to occur on
the 27th day of their stocking (July 18) and
continued until 51 fish remained at the end of
August. The nortalities corresponded to water
tenperatures rising above 22°C. The brook trout
suffered fungal infections as well; but bacterial
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iii.Rainbow trout

The rainbow trout nortalities began to steadily
rise around the 21st day of their stocking (July
10), and peaked on the 42nd day (July 30) when the
wat er tenperature reached above 220C. The
nortalities drastically declined once the water
tenperatures dropped below 220C in the subsequent
weeks. Opti mum wat er tenperatures for rai nbow
trout growth are fromi13-18C, At tenperatures
bet ween 18-210C, rainbow trout growth is reduced
consi derably; above 22¢C,the tenperatures start to
becone | ethal (Castledine, 1986). Most of the
rainbow trout nortalities indicated that the fish
had succunbed to bacterial gill disease. In
addition, body lesions, characteristic of an
Aeromonas type infection, increased dramatically
when wat er temperatu:res began to drop bel ow 220C
and gill problens were beginning to clear up.

It should be noted that the fingerlings were not
in a perfect healthy state upon arrival to Devil
Lake from the hatcheries. Many of the fish had
fin rot, mssing fins and clubbed gills. Necrosi s
of gill tissue ie. bacterial gill disease, was
first observed in noribund fish five days after
the first stocking. These fingerlings were the
last of the hatchery stock and were obtained at
relatively | ow cost. However, the fish nust have
been | oaded very densely at the’ hatcheries,
resulting in poor water quality and an unhealthy
state. Transporting the fish from the hatcheries
to Devil Lake was an additional stress on the |ess
than heal t hy stocks. In addition, the-stockings
were in the mddle of June and early July when the
water tenmperatures were beginning to be the

hot t est . Thus, stress related factors were
accumul ating to hanper the imunity defenses of
the fish and contribute to the disease

out br eaks. Fish | osses anpbng the hatcheries did
not significantly differ (Appendix 8).

G owt h

VWen the water tenperatures rose above 22o0C, feed rations
were reduced or stopped. Feed consunption is shown in
Table 4. The growmh rates of the fingerlings stocked at
Devil Lake were neasured from July 5 to Septenber 12

1989 (Table 5). Gowth was experienced during the sumrer
nont hs, but was considerably retarded due to the high

wat er tenperatures and disease outbreaks. Average

rai nbow trout weight estimated at the start of their
“stocking ranged from5.5 g to 11.7 g, and reached the

YR
TG
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Tabl e 4. Nunber of fish remaining, nortalities, feed consumption, weight
gains, and feeding conversion ratios during the period from
June 19 - Septenber 12, 1989, at Devil Lake
Cage $$ # Fish Morts M ssi ng Tot al W. Feed Avg. W. FCR*
Remai ni ng Fi sh Feed Fed /fish  @in/fish
(kg) (s) (g)
1A 4,676 1, 449 426.12 91.13 72.2 1.3
B 3,059 2,095 2,055 607. 37 198. 55 102.8 1.9
2 A 2,216 1,437 3, 945 615. 97 277. 96 126.9 2.2
B 4,887 748 341.91 68. 56 54.4 1.3
3 A 4,910 2,030 621. 01 126. 48 83.8 1.5
B 5,433 960 392. 25 72.20 82.9 0.9
4 A 2,521 2,941 241.65 95. 85 52.6 1.8
B 2,480 101 108. 39 43.71 40.9 1.1
5A 3,471 1,924 3,473 283. 88 81." 79 52.0 1.6
B 3,140 598 172.76 55. 02 43.6 1.3
6 Arctic o 1,000 50. 00 N A N/ A N A
char
7B 4,594 2,790 6, 106 249. 45 54. 30 46. 3 1.2
c 4, 385 1, 261 864 167, 61 38. 22 34.5 1.1
8 brook 51 1, 866 583 135. 26 2652. 16 53.8 49.3
trout
TOTALS: 45, 923 21, 200 18, 656 4,414

*

Feed conversion ratios calculated on basis of weight
wei ght gain of fish.

which occurred between wei gh-up periods.

wei ght

wei ghts reached in past
mar ket abl e wei ght
no growth as they had all
The brook trcut experienced little growt h,

of 58.1 g to 141.70 g by Septenber
years (121-245 g),
of 280 g.

feed conversion ratio (F.C.R. ).

nortalities

This is well bel ow
and far
The Arctic char experienced little or

below t he

died within 34 days of their stocking.

: _ of feed to average
Conversion rates take into account

and at an extrenely poor

l
5
i
i
i
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Tabl e 5. Gowth rates of rainbow trout, Arctic char and brook trout from
July 5 to Septenmber 12, 1989 at Devil Lake (weights expressed in

grans)
Cage # Initial July 5 July 30 Aug 13 Aug 29 Sept 12
weighta
1A 32.2 46.7 49. 4 75.5 104. 4
B 11. 6 32.2 54.0 61.5 74.0 114. 4
2 A 14.8 34.0 66. 9 65.9» 119.5 141.7
B 34.0 42.2 53.8 80.1 88.4
3A 11. 6 30.5 51.7 54.4 78.5 95.4
B 30.5 56. 6 59. 4 91.3 113. 4
4 A 55 7.4 15.9 22.2 37.0 58.1
B 22.2 35.5 63.1
5 A 11.7 12.7 22.5 30.6 48.9 63. 8
B 22.5 30.4 45.2 66. 1
6 Arctic ? 112.5
char
7 A 11. 7 - 22.0 27.8
B 11.7 - 25.1 27.8 41.9 58.0
C 27. 8- 42.8 62.4
8 brook 11.9 31.7 50.0 65.7
t rout
a. Initial weights estimated with a | ength-weight table (Piper, RG, L.B.
McEl)wain, L.E. Orme, J.P. McCraren, L.G, Fouler, & J.R. Leonard,
1982

b. Assuned to be a weigh-up error

F.C.R. ‘s ranged between 0.9 to 2.2 for the rainbow trout,
and 49 for the brook trout (Table 4). The F.C.R. was not
calculated for the Arctic char. The divided rai nbow
trout cages |lowered the densities, which increased the
rcom available for growth, increased water exchange

t hrough the cage, and reduced di sease transm ssion. The
0.9 F.C.R. calculated for cage #3B nay be due to an error
at the time of a weigh-up or errors in consunption
measurement, as the F.C.R. was suspiciously lower than

t he ot her cages. The extrenely high F.C.R. for the brook
trout was prinarily due to nassive overfeeding. Si nce
the brook trout were not always seen feeding at the
surface, the on-site worker sometinmes overfed the cage,
anticipating nore fish than were present. Rai nbow trout
F.C.R.s in the past have ranged between 1.1 to 1.8

(Ivanochko, 1987, 1989). This year, the F.C.R.s were

p it aticate B ¢
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general ly poorer; but this nmay be understandabl e

. considering the late stocking dates, stress of Sit,
noves, cable breaking, severe thernmal stress from
unusual Iy high water tenperatures, and diseas,
out br eaks. In addition, some cages were overfed due to
staff inexperience and poorly adjusted dermand feeders,
The six cages on demand feeders (cages #1A, 1B, 2A, 3A
4A, & 5A) generally experienced poorer F.C.R.s, and this
may be attributed to the difficulty in adjusting the
feeders to handle the various sized feed. Feeders that
were not adjusted properly caused feed to pour out of the
hopper with nost of it being wasted. vemand feeders have

f been extrenely successful in the past fetching | ower
F.C.R.s than hand feeding; but have been awkward for new
workers to adjust.

‘ On a positive note, the F.C.R.s could have been

consi derably poorer, considering the severity of the

di sease outbreaks and the extrenely high water
l t enmper at ures experienced during the summer. Martin's
feed appears to be neeting all nutrient requirenents for
the rainbow trout, and under nornal circunstances,
F.C.R.s can be expected to be quite adequate (between 1.1
to 1.5). More research is required on the nutrient
requi rements for Arctic char and brook trout to determn ne
whet her rainbow trout feed is neeting their nutritional
needs. The Arctic char and brook trout did feed on the
trout pellets; but thermal stress and di sease caused
extrenely poor growth and F.C.R.s, as well as, death.

4.4 Loading Densities

Initial |oading densities ranged between 3-4 kg/ins for
the rainbow trout, and never reached above 1 kg/ins for
the Arctic char and brook trout. Thus, every effort was
made to mnimze hauling and thermal stress gy not

over crowdi ng.

Di vi sion of cages was inplenented when fish began to grow
and heavy nortalities started to occur. The densities
never reached overcrowded levels as. A |loading density
of 5000 fish/cage is thought to be ideal for
overwintering the fish (Honer, 1989). Past winters
have shown that 5000 fish/cage have kept ice from
covering the opening of the cage through the continuous
novenent of the fish. When ice conpletely covers the
cage, the fish can not be observed for nortalities, and
the possibility of poor water quality increases ie. |lack
of oxygen, possible hydrogen sulphide production, etc.

In addition, recent research has indicated that the” fish
may need access to the "air™ to regulate their swim

bl adders (Robertson , Ww.D., Wood, ¥.R., Sippel, A.J.,
1987). Observations at Besnard Lake t.ave indicated that
10 kg/m? nay be the optinmum for final densities. |

SR P AT et oy TN RN ek R KB s PO e AT e
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4.5 Predation

Predation plays a significant role in cage culture
success. Losses due to predators can be devastating.

This year, at Devil Lake, no predator nets were set up on
top of cages or around the cage nets. The netting
materi al was-unavail abl e and predator r ets have been

found to be inconvenient in the past. Demand feeders
were found to be difficult to nove and fill with feed
while netting covered the cages. Under wat er predat or

nets restricted water novenment by heavy growh of al gae
This year, predation was considered to play a minor role
in the | osses experienced at Devil Lake. However, pike
and wal | eye attacks were observed at Devil Lake, and nay
have caused a significant nunber of holes in the nets
which allowed fish to escape. Few birds were seen in the
area, only the occasionl seagull or kingfisher were
spotted; but this could become a problemin the future.
Thus, future consideration should be made to reduce
predator attacks, which nay becone nore serious once the
site has becone established aad the predators have
“honmed” onto their possible prey.

At Besnard Lake, a considerable ampunt of the nortalities
experienced in 1989 were <ue to predation. Pi ke was the
maln predator, swarmng around the cages and attacking
the fish through the nets. Fi shing was the only nethod
used to try and elinmnate the devastating attacks (Figure
3). Bird attacks were al so nunerous. Seagul |'s, ospreys,
ki ngfishers and pelicans were frequently seen attacking
the cages. Bird attacks were greatly reduced once a
light mesh netting was placed over the cages.

5. CONCLUSIONS
5.1 Site Location
It is too early to determ ne whether Devil Lake is

suitable. for fish culture. Heavy nortalities did occur
over the summer nonths, and were attributed to the high

wat er tenperatures experienced. However, other factors
were asccciated and contributed to the heavy | osses
experienced as well. Poor conditon of the fingerlings

upon arrival from the hatcheries, disease outbreaks,
stress of moeving the cages to an alternative site, stress
of the cages drifting to shore when the cable broke,
handling stress, and predation all contributed to the
heavy nortalities at Devil Lake. Thus, accunul at ed
stressors caused the fish to succunb to di sease and
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Northern pi ke (Esox lucius) i
cages at Besnard Lake mntnlncfuﬁht Off the. fish
deat h. In addition, a large number of fish escaped
through holes in the nets, and added to the substanti al
fish losses.  Therefore, nore tine is needed to assess
Devi| Lake's perfornance. The water temperatures did
geach hlgh levels but were generally lower than at
esnard Lake. t |
oxygen was found Poagglabgglabfe“% Eﬁtur%ted di ssol ved

no distinct thermocline was found at Devil Lake, Alk&ough
bottom water tenperatures were generally cooler than the
surface water tenperatures
utilize the cooler water (dependﬁHSh e é%%e oP net
used) by staying near the bottom of the cage. A
aksthnﬁufsﬁ?blemater curnsnt was found near the cages

ic el ped in water exc ange Ne
closer to the processinfacility ?Hg% éesna?glL&ng more
accessible, and power can be installed, which will be big
benefits in the future.

Fish_ Perfornanc,

Mortalities, wunaccountabl ,(losses and escapes were
unacceptably high.  Arctic char and brook trout can not
survive in the high water tenperatures that occur 1n the

A R < w‘!ié AT N St BT LA TN e
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nort hern Saskatchewan | akes where cage culture is
permtted. Deeper and cool er |akes are not available due
to a Fisheries Aquiculture policy which does not allow
cage culture of salmonids in |akes which have |ake trout
popul ati ons. Under the present circunmstances, culture of
fish should be limited to rainbow trout, which can
tolerate much higher water tenperatures. Another option

may be stock Arctic char, or brook trout, in the fall in
the hope that they will reach a marketable size before
the followi ng sumer. More research is required to

investigate Arctic char and brook trout husbandry
techni ques before |arge scale operations should be

att enpt ed. Rai nbow trout husbandry practices must be

i mproved and standardi zed te neet northern Saskatchewan
environmental conditions. Al handling events ie.
gradi ng, dividing and weigh-up, should be confined to
peri ods of cooler water tenperatures. Weigh-ups should
not be necessary in the summer as growh and feed
conversion ratios can be expected to be ﬁoor during the
extrenmely high water tenperatures. Hat chery stocks
should be inproved, and prophylactic nedical treatnents
ie. oxytetracycline nedi cated feed, should be considered
to reduce disease outbreaks in new stockings. Pr edat or
nets should be considered to conbat an increasing

probl em

6. RECOMVENDATI ONS

1.

A stronger business organization nust be set up. Mor e
than one person should be expected to run the nmanagenent
of the conplete operation. More funding should be
obtained for a serious effort to expand into a large
scal e rai nbow trout operation. Expanding into a large
scal e operation is the only way that cage farming has a
chance t-o become profitable in nothern Saskatchewan.

Producti on techniques for rainbow trout should be

i mproved and maxim zed before attenmpting the culture of
ot her speci es. It is inportant to diversify into other
species, but currently the market demand for rainbow
trout is not being met because of production

limtations. Rai nbow trout is the best species for
culture since it is a hardy fish, able to tolerate harsh
environnental conditions and diseases better than other
speci es. In addition, there is nore information
available to their culturing techniques, since they have
been virtually dor :sticated by sone countries. On the
other hand, Arctic char and brook trout have been found
to be relatively aifficult species to rear under northern
Saskat chewan conditi on. Research is still being

devel oped into the culturing of these species, and mnuch
nore know edge mast be gai ned before these species wll
prove to be a reliable source for markets.
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If Arctic char and brook trout are considered for culture
in the future, it should be done on a experimental
research basis. This will provide nore information into
the culturing of these species. These species should be
reared separately from the rainbow trout farms to ensure
proper sanitation and health requirenents, In addition,
these species require cooler water tenperatures, thus new
| akes should be located which nmeet thelr water
tenperature requirenents. Research could be conducted on
whet her a marketable size could be reached for either
species, if they are stocked in the fall (after high

wat er tenperatures) and harvested before the sunmer
(before high water tenperaturesi. Arctic char can be
reared at higher densities (60-120 kg/m3), and can
experience significant growh at very |ow water
temperatures (3-7¢C) (Erikson L. & B. Wiklund, 1989).
Cnrrently, there is a market demand for “pan size” Arctic
char (200-300 g) (Pepst, M.H. & G E., Hopky, 1989).

More technical support is needed in Saskatchewan and
should be provided by the provincial and federal

gover nnent s. Department of Fisheries and Cceans
aquiculture progans are virtually non-existent in
Saskatchewan. Research and devel opnent is definitely
needed in Saskat chewan, which has consi derabl e
aquiculture potential with over 1000 clean,. fresh

| akes. Saskat chewan has the potential to be a world

| eader in freshwater aquiculture, especially in trout
farming. Mre support is needed in the foll ow ng

areas: site selection analysis, production techniques,
fish health, and educational training for workers.
Support from the Industrial Research Assistance Program
t he Saskat chewan | ndian Agricultural Program NEDSA, and
the Agricultural Devel opment Fund have definitely hel ped
but nore funding and technical aid are needed to make
cage farm ng in Saskatchewan viabl e.

More research is needed to deternine whether Devil Lake
is suitable for culturing fish. More water quality

anal yses and site surveys should be :onducted before one
particular site is fully devel oped. Devel opnment shoul d
only proceed once Devil Lake is found to be suitable for
a large scale production of rainbow trout.

Fingerling stockings nust be conducted much earlier in

the year than this year. An ideal stocking nmonth would
be May when the ice begins to break up and the water
t enperatures are cool . Definitely no stockings should be

made during July when the highest water tenperatures
occur every year.

Hat chery stocks nust be inproved by better husbandry
techni ques which will help in the survival of the
fingerlings when they are stocked into the |akes.
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Prophylactic treatnments with nedicated feed
(oxytetracyclireor ot her equival ent antiobioties) should
be experinented before the fish are transported; and/or
at the lake when the fingerlings arrive. These
treatments should greatly reduce the severity of

bacterial gill disease and fungus outbreaks, as well as
provide some protective imunity against other diseases
while the fish acclinatize to their new environnent.
Treating fingerlings with antibiotics should not be
feared by the consumers ie. fromthe build up residues in
the tissues, especially if the treatnents are stopped
after the initial summer. Treatnents should only be
needed for newy stocked fingerlings to help protect them
from di sease caused by accunul ated stressors in the

SUmer s. Treatnents should not be necessary for ol der
fish which are nore tolerant to stress than the
fingerlings. Thus, the older fish will have been off the
nmedi cated feed for at least a year before they are
harvested, |eaving no residues remaining in the tissues.

A site manager is needed at Devil Lake to organize al
fish farm events. The manager should ensure that correct
sized nets, optimm |loading densities, fully operational
equi prent, correct feed size, feed deliveries and the
organi zation of the staff are all planned well in advance
of the fingerling deliveries. Once the fingerlings *
arrive, better husbandry techniques nust be inplenmented
and followed until the fish are harvested”.

Current demand feeders should be nodified or replaced to
beconme nore convenient for all staff, old or new Sol ar
powered automatic feeders may be ideal” and should be
experi ment ed. The automatic feeders would still save

I abour required, but may be easier for adjustment and
nmore convenient for filling feed “than the dermand

f eeders. In addition, the demand feeder’s descendi ng
marked wire may cause injury to the fish by constant
contact during feeding; or if the nmarked device at the
end of the wire is renoved, it becones a “spearing”
weapon. Furthernore, wastage of feed -may be reduced by
an easier operation.

Perhaps the nost inportant reconmendation, no handling
events should be conducted in the hot summer nonths.
Research i nformation regarding growh and feed conversion
ratios are inmportant, but should not be conducted at the
expense of the fish. The past five years have shown that
grow h can be experienced during the sunmer, and F.C.R.s
range between 1.1 to 2.2 for rainbow trout. Under hi gh
water tenperatures, growth and F.C.R.s are going to be
quite poor, thus sanple weigh-ups are providing little
new i nformati on and are causi ng consi derable stress to
the suffering fish. Thus, handling events should not be
conducted during the summer, espeacially in July when the
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water tenperatures rise above 180C. A weigh-up should be
conducted upon arrival of the fingerlings, and then when
the water tenperatures begin to cool (usually August).
Grading of the fish should be done to nmaxim ze an even
growth distribution within a cage, and should be
conducted before the ice fornms on the |ake. Di vi si on of
cages is extrenely stressful and every effort should be
made to stock fingerlings in cages that will not have to
be divided in the summer.

More research is needed on loading densities, but initial
results indicate that fingerling densities should be

bet ween 2-4 kg/m3; and final densities should not be nuch
more than 10 kg/ins , under northern Saskatchewan

condi ti ons. Robertson, WD., K.R. Wod & A.J. Sippel.
1987, have devel oped a | oading density experinent that
could be adopted to help determne optinum densities.

Nets should be changed at |east once a nonth in the
summer to renove algal buildups and provide good

sani tation. Pressure washing definitely renoves the

al gae; but stresses the fish while cleaning, and
increases the chance of transmittingdiseasetopjjthe

cages.

Predator nets, above and bel ow the cages should be used
to protect the fingerlings from birds and pi ke attacks.

In addition, nets will be protected from being torn, and
thus reduce the nunmber of fish escaping. The benefits of
installing predator nets out-weigh the disadvantages.

Water quality nonitoring should be conducted on a regul ar
basis, and well kept fish farmrecords (up-to-date) nust
be mai ntai ned.

Feed shoul d be stored properly ie. in a cool, dry area,
and regularly inspected for quality.
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APPENDI CES
Appendi x 1. The proximate analysis of Mrtin fish feed ration

(Ivanochko, 1987).
Martins Feed

Moi sture (9% 8.0
Protein (9" 38.9
Fat (% 15. 2
Fibre (% 4.8
Ash (% 5.3
| odi ne Value (% 115.0
Cal cium (% 1.1
Phosphorous (% 0.8

Appendi x 2. The feed sizes used for the different sized fingerlings
stocked at Devil Lake.

Feed Size Fingerling Size

2 R 2.7 - 4.0 inches (7.6 - 10.6 cn
3 &R 4.0 - 5.0 inches (10.6 - 12.7 cm
3 PT 5.0 - 6.0 inches (12.7 - 15.2 cm
4 PT 6.0 - 7.0 inches (15.2 - 17.8 cm

5 PT 6.0- 10.0 inches (15.0 - 20.0 cm
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Appendi x 3. A pictorial representation of the rainbow trout cages
at Besnard Lake.

Appendi x 4. An eastern shot picture of the cages, staff housing,
and the feed storage building at Besnard Lake.
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Appendi x 7.

Appendi x 8.

Hat chery

A picture
ages of 1 to 3 years old) harvested from Besnard Lake

Mortalities and other
hat cheri es.

di fferent

St ocki ng
Nunber

of 1-3 pound rai nbow trout

| osses of

Remai ni ng

(between the

rai nbow trout from the

% Total Total
Losses cost

Trout Haven
(S.Dakota)

40, 000

F.Q. Aquafarms 22, 284

(Nipawin)

McNabb’s Trout 20, 000

(Saskatoon)

36. 8 $ 8,400

47.9 $ 6,106

55.2 $ 6,704

TOTAL

82, 284

44.3 $21, 210
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