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INTRODUCTION

PURPOSE OF SURVEY

This report deseribes investigations carried out in
1962 and 1963 to assess the probable effects of the propoéed Duncan
Léke dam on fish and‘game_populations. Where possible, this report
contains recommendations for compensation for sport fish and gane

resource losses attributable to the project.

METHODS OF SURVEY,

Fish

The Duncan fisheries surveyrwas diﬁided inte two parts;

(1) lake survey, and (2) stream and migratory fish survey.
(1) Lake Survey

Surface piankton hauls, fertical'temperature readings,
Secchi disc readings and gill net sets were made at intervals during
the summer (May to September) of 1963.

Bottom fauna samples were collected with a 9 inch Ekman
dredge and sorted through a wire-screen bottomed bucket. Fish cap-
tured in gill nets were examined for species, weight, fork length,

sex, degree of maturity and scale samples. Stomach samples were

taken from some specimens.



(2) Stream and Migratory Fish Survey

- Streams tributary to the proposed reservoir were wélked

to above the flood line and in all streams attempts were made
to record species of fish present, water tamperature,.gravel
characteristics, stream gradient, water flow,-turbidity, extent
of spawning grounds and tree cover. An attempt was made to pre-
‘dict the amount of spawning facilities which Qill be left after
the reservoir is filled. Timing and abundance of rainbow trout,
Dolly Varden and kokanee in spawning runs were noted; particular
emphasis was placed on the rainbow trout run because of its im~-
portance to the Kootenay Leke fishery.

Throughout Aéril and May of-l963, tﬁe Lower Duncan
River was patrolled by observation from shore, boat, and by
swimming, to study fish habits. Attempts were made during each
patrol to count large rainbow épawners and to establish their
spawning sites either by observing the actual spawning act or
by discovering their redds after spawning was completed.

Vantage points were selected overlooking the most fav-
ourable spawning sites. These were checked at least once every

two days and at various times on each day of observation.



Wildlife

Iniestigationsldf wildlife-resources wers largely'coﬁ-
fined to habitat mensuration and counting of pobulations of big
game and waterfowl. Abundance of upland game and fur bearers

was noted.



THE DRAINAGE SYSTEM

GEOGRAPHY OF THE DRAINAGE AREA

| Kootenay Lake, Dunéan Lake and Duncan River lie in

the Purcell trencﬁ'df southeastern British Columbia. The Lardeau
River drains Trout Lake and, flowing in a southeasterly direction,
is confluent with the Duncan River at a point approximately 6 miles
upstream from Kootenay Lake. Géneral geography of.the area is
shown in Figure 1. Figure 4 shows the extent of flooding of land
and stream mouths adjécent to Duncan Lake and rivers.

The Duncan Reservoir will occupy about 11,000 acres
_and will extend 25 miles up the valley from the dam.

The valley to be occupied by the Duncansﬁeservoir is
‘about 1 mile wide, and is walled by moderately steep mountains
throughout most of its length. There are a few areas of moder~
ate slope and relatively flat lands, mainly at the lower end of,
and below, the damsite., The valley floor below Duncan damsite
contains areas of wetlands, most of which have been pértially
reclaimed as farmlaﬁd. Above Duncan Léke, the valley floor is
flat-and contains extensive wetlands - about 6,400 acres. The
~upper 6 miles of valley to be occupied by the reservoir is flat

(about 3,500 acres).



NORTH END OF DUNCAN LAKE SHOWING

GENERAL TOPOGRAPHY

SOUTH END OF DUNCAN LAKE

SHOWING GENERAL TOPOGRAPHY

DUNCAN LAKE LOOKING NORTHWARD

FIGURE 3, VIEWS OF DUNCAN LAKE
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S0B.CR.

BOWSER CR.

GALLOP CR,

YORTH CR.

GRIZ CR,

1B00TH BAY

OLACIER CR.

L/
FIGURE 4,

The areas of Duncan River, Duncan Lzke and Upper Duncan

River to be flooded by Duncan dam (maximum reservoir
elevation is enclosed by a dotted line).



Vegetation on the valley sides is predominantly conifer
.cover in varying staées of succession caused by fires and ;oggihg.
Douglas fir, red cedar, hemlock, -spruce, white-pine, and larch
obéur in various associations. Some "burn" areas supﬁort a rich
deciduous growth, including willow, amalanchier, prunus, alder;

and red osier.

FISH HABITAT AREAS
DUNCAN LAKE
Duncan Lske is a deep, unproductive lake possessing

the following physical features:

Length o 10 miles

Average Width 0.5 miles

Maximum Depth 385 feet,

Mean Depth 169.5 feet

Surface Area . 6,519 acres .
Volume 1,045,180 acre ft.
Perimeter 202,400 ft. -

Shore Development. 6.8

TRIBUTARY STREAMS

Duncan River. '

This river is divided by Duncan Lake into two portions,
the Upper and Lower Duncan Rivers. Water flow in Upper Duncan
River is formed by a large number of small precipitous streams
fed by melt~water from snow fields and glaciers. During spring
and summer months the river is highly turbid due to glacial

#{lour” carried by the water.
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Lower Duncan River, which drains Duncan Lake, is alsoc
turbid with glacial silt. Glacier Creek, which flows into @he
river .75 miles downstream from Duncan Lake, adds considerably to
this turbidity. This qreek-carfies a great amount of glacial
material throughout the spring and summer (Figure 5). The Lower
Duacan River is fairly fast-flowing with few‘riffle areas.

| In most years, both Upper and Lower Duncan'Rivérs are
" fairly clear in the winter and early spring. When water begins to
rise duriné the spring freshét_period, tfihutary streams #nd the
main river become turbid. The two rivers and Dﬁncan Lake remain
moderateiy ﬁurbid throughout the rest of the spfing and summer,
and depending on rainfall, into autumn. In 1963, water in both
Upper and Lowér Duﬁcaﬁ Rivers and Duncan Lake remained very tur-
bid later than October lst. This was due, partly, to extensive
 logging operations carried out along Upper Duncan River, where
log driving was employed in the river. The effects of such an
operation'are discussed later.

Along-bbth east ﬁnd west §hores of Lower Duncan River,
slough afeﬁa are connected to the river. These sloughs are excel-
lent rearing ponds for juvenile game fish and they probably con-
tribute much fish food to the river. These sloughs extend from
the east bank of the river to the foot of the mountain which will
form the east bank of the proposed reservoir, and they extend from

the south end of Duncan Lake to the damsite., Thus, on the east



LOWER DUNCAN RIVER

IN SPRING MONTHS

GLACIER CREEK
DURING PEAK FLOW

(NOTE TURBIDITY)

LOWER DUNCaN RIVER IMMEDIATELY
BELOW MOUTH OF GLACIER CREEK (LEFT).
NOTE TURBIDITY EFFECT OF GLACIER

CREEK ON RIVER

FIGURE 5. VIEWS OF LOWER DUNCAN RIVER
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side of Lower Duncan River there are approximately 2.5 square
miles of flat land which will be flooded. This aréa eontains 1.5
square miles of slough. On the west side of the river a major
slough area lies immediately north of the damsite; this contains
about .25 square miles of slough.

Duncan River contributes approximately 3/4 of the total
volume of water entering the north end of Kootenay Lake from the
-Duncén—Lardeau drainage.

Lardeau River-

The Lardeau Rivéfyfibws'BB miles in‘a_southeasterly
direction from its source at Trout Lake to its confluence with
Lower Duncan River, about 6 miles north of Kootenay Lake. Its
volume is roughly 1/3 thﬁt of Lower Duncan River but seasonal
fluctuations and temperaﬁures are'simiiar. It is fed throughout
its length by glacial streams which contribute”%o discclouration
of the river during the runoff period (May, June, July). The
river has a fairly low gradient with alternate riffle areas and
pools. . _

- Resident fish in Lardeau River include rainbow trouﬁ,”
Dolly Varden char and mountain whitefish. Fish which migrate to
the river to spawn include rainbow trout, Dolly Vardsn éhar, and

kokanee. These are discussed in a following section. The two



factors of gravel location and turbidity appsar to limitrrainbow
trout spawning to a 1/4 mile area bétween the outlet of Trout
Lake and the confluence of the Lardeau River and its first tribu~
tary, Mobbs Creek. Dolly Varden and kokanee spawn in the fali_
.when turbidity is low. Dolly Varden spawning'areas in Lardeau
River are unknown. Kokanee spawn throughqut the léngth of the
river; preferred spawning areas are in the‘uppermost side channels

of the river.

LOWER DUNCAN RIVER TRIBUTARIES

Hamill Creek is fairly precipitous from source to
mouth, mostly'flowiﬁg over rocks Qf 6 - 18 inch diameter. A few
pools exist in the lower 1/2 mile of stream but above this point
the creek flows through a precipitous canyon where the current
is extremely rapid. Above the canyon the current is less rapid
and some suitable spawning gravel exists. This canybn is passable
to fish. The water is turbid and is cold all year round, never
rising aﬁove 50° F. Water volumes average 50 - 60 cubie feet per
second. No resident fish were found in this stream, but spawning

Dolly Varden char were present in late summer and fall months.
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Cooper Creek has armoderaﬁe gradient. It consists of
watef flowing over gfavel of 3 - 12 inch diameter in most areas,
mak;ng-some of it ideal for apawning-purposés} Many pools are
'présent. Water volumes average 60 — 70 cubic feet pef second.
Dolly Varden char were observed in Cooper Creek in late summer |
and fall months. | o

Glacier Creek has a bed of gravel ranging from l/h inch
diameter to boulders. The lower 1/2 mile of the stream has many
areas with gravel of 1 to 6 inch diameter, suitable for spawning.
The upper portions of the creek are‘quite precipitous and unsuit-
able for spawning. Water temperatures are fairly low all year,
seldom rising above 50° F.

The main factor 1imiting use of this stream as a spawn~
ing ground is its high turbidity. Large amounts of glacial nflourt
~ are carried by the creek each year at high water and this continues
.until late fall. Water flow in August, 1963, was about 100 cubic
feet per second.

One pair of Kooﬁenay Lake_:ainbow trout were observed
spawning in the lower 1/2 mile of stream in spring of 1963.

No other spawning was observed. Resident rainbow trout and Dolly
Varden are present in the upper réaches, well above flood line;

these are 6 to 8 inches in length.
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Meadow Creek in its lower 2.5 miles of stream course,
meanders extensively and has a géntle gradient. The creek has -

extensive areas of gravel which are heavily used by spawning kok-

“anee, Further upstream, the gradient increases and gfavel size

is up to 1 foot in diameter. 'Here, suitable spawning sites aré
present and are used by Dolly Varden in 1até summer and sarly fall.

Aside from kokanee and Dolly Varden which frequent this |
stream for spawning, resident rainbow trout and resident Dolly
Varden char t§ 8 inches in lepgth'are present in the upper reaches.

Kokanee are collected ahd artificiglly spawned each
year at a trapping site on the lower stream. The eggs are shipped
to many places on the North American continent for fish culture

purposes.

- DUNCAN LAKE TRIBUTARIES

Griz Creek is very precipitous, falling about 100 feet
in each 1/4 mile of length. A waterfall about 200 yards from the
mouth sets an upstream limit for migrating fish. In thié lower
portion, the gravel is of 1 to & inches in diameter and is suit-
able for épawning purposes. The water is fairly clear throughout
the year. The water temperature‘bn May 27th, 1963 was 45° F. and

the flow was about 10 cubic feet per second.
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Small resident Dolly Vardén char and sculpins are
present above the fails.

North Creek contains little spawning gravel and is
probably too precipitous for spawning purposes. It félls 100
feet in the lower .15 mile of stream. Water flow averages 5
cubic feet per second. o

No fish were captured or observed in this stream.

Gallop Creek is. very precipitous, falling its last 100
feet in 1/4 mile. This streamAhas'somé small gravel, about 6
inches in diameter near the mouth, but large boulders predominate
above this area. The water is very silty throughout most of the
year, thus limiting its use for spawping. Stream flows average
"5 = 10 cublic fest per.second.

No fish were captured or observed in this stream.

UPPER DUNCAN RIVER TRIBUTARIES

Little Glacier Creek is divided into many channels at
the foot of the mountain from which it flows. The numerous chan-
nels then flow in a meandering fashion .25 mile or more to the
Upper Duncan River. The water in these channels is slow moving
and the bottom is composed of mud and silt unsuitable for spawn-~
ing. Above the reservoir flood line the stream is too precipi—
tous for fish spawning. The water is quite turbid throughout

most of the year.
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Howser Creek flows through a precipitous canyon before

broadening ou£ over a gravel plain and dividing into smaller
" channels which empty into Upper Duncan River. The cényon region
is impassable to fish, and accumulated logs and wood debriS'pré-
clude spawning downstream of the CBNYOmn., | |

A few small rainbow trout, Dolly Varden char and num-
erous non-sport fish such as suckers, squawfish and sculpins are

present in this stream.

Idaho, Maude, Labarie, Tige, Puddingbow, S.0.B. and
B. B. Creeks are all extremely precipitous. Very small areas of

spawning gravel are present at the mouths o: these streams, water
Vflows are small and the streams are turbid.
Some of these streams contain small populations of

resident rainbow trout and Dolly Varden char.

WILDLIFE HABITAT AREAS

This section gives the location and approximate extent
~ of the major habitat types in the Duncan Reservoir area. Major

wildlife species in the habitat types are noted. -
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River and Stream Edge
About 140 miles of riparian (streamside) habitat exists

in the reservoir area. Evidence of winter use of this.habitat
by caribou, elk, and deer was noted. Also, beaver, muskrat and
mink occur in the riparian areas. Ruffed grﬁﬁse.are comnon in
this habitat. | R |

Open Water Ponds and Lekes (excluding Duncan Lgke)

Eigﬁteen permanent open sloughs, 450 acres in extent,
exist in the reservoir area. The shbres of Duncan Lake contain
some 80 acres of a similar habitat. Ducks and geese cccupy the
ponds as nesting habitat and large numbers of ducks, geese.and
"swans utilize them during spring and fall migratien.

Wet Meadows
- Some 4,000 acres of wet meadows occur in the reservoir
area, much of which are of recent origin caused by beaver impound-
ments on stream fans. Whitetail deer are numerous in this habitat
type and elk, caribou and black bear also use it at various seasons
of the year. Mule deer are reported to be ﬁresent in meadows during

spring months, although none were observed in 1963.



Forest Land : ”f | N
This haﬁitat comprises the upland areas'within the
flood level of Duncan Dam. Some 6,250 acres exist, which season-
ally provide habitat for whitetail deer, mile deer, elk, caribou
black bear and grizzly bear. Marten, fisher, weasel and squirrel
are probably present in the forest habitat of the Duncan drainage
Ruffed, Ffankiin and blus grouse 6ccupy the upland areas of the

Duncan reservoir area.



DUNCAN MARSHLAND -
WATERFOWL, BIG GAME AND

FUR BEARER HABITAT

UPPER DUNCAN RIVER

UPPER DUNCAN RIVER BOTTOM LAND -

EXCELLENT DEER AND BEAVER RANGE

FIGURE 6. Riparian habitat of Upper Duncan River
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DUNCAN MARSH - WATERFOWL

HUNTING AREA

DUNCAN VALLEY - SHOWING
RELATIONSHIP OF MARSH AND

UPLAND GAME HABITAT

DUNCAN FLATS = WATERFOWL

AND BIG GAME HABIT

GOOSE HUNTER

FIGURE 7., Upper Duncan River wildlife habitat
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FISHES OF THE DRAINAGE SYSTEM

Rainbow Trout. -

Figure 8 shows gravel bed areas in Lower Duhcan Rivér
which were observed during April and May, 1963, for .rainbow
trout spawning. Because of the high tufbidiﬂy of the Lower
Duncan River, a total count of large Kootenay Lake rainbow trout
spawneré could.not be made. However, 24 of these fish were
observed, - |

Recbrds of fry'emergencelfrom spawhing gravel are
afaiiable for 1962 and 1963. 1In 1962, fry were first observed
in Lower Duncan River on July 8 in the vieinity of the proposed
" damsite. Figire 9 indicates that they appeared immediately after
the water level had reached its spring runoff peak and started
to decline and when water temperature was betwéen 50° and 60° F.
Caplure sites are shown in Figure 8,

Four hundred and sixty-nine fry weré céptufed frém '
July 8 to September 20, 1962, The fry increased in size progres-
sively during tHiS'period, (Table I}.  Apparently, most fry
remained in the river until the end of August, then began to
migrate downstream to pass their first winter in Kootenay Lake.

In 1963, fry were first captured on June 25, two weeks

earlier than the first fry capture of 1962. As in 1962, the
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FIGURE 8. Lower Duncan River showing gravel bed spawning areas
and fry sampling sites.
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Table I. Mean and extreme lengths of rainbow trout fry captured
in Duncan River at different time periods, July to
September, 1962. :

SIZE OF FISH (millimeters)

et July 8-14 July 15-31 Aug. 1- Aug. 15-31 Sept. 1-17
1 - - 30.0 — 5.4 29-h 43.9 KL.S-48 - —
2 - = . 3h3 2643 383 2843 - 47.7 4066 - -
3 - - Ml 2%6ek2 - — - R —
Lo 29.9 25.5-35 303 2534 40.3 36-h6  46.6 AL.5S-5h 5.3 47.64
5

— - 32.7 28-35 = 35.0 — 485 - - -

* Trapping sites are increasingly distant downstream from Duncan Lake



FRY3*
NO.

Fyke
Net #3

Laneyts
Slough

Table IT. Mean and extreme lengths of rainbow trout fry captured
in Duncan River at different time periods, June to

August, 1963.

28.5
28.5

31.5

27-30
25-32

25-38

Mean

29.5
30.0

31.5
29.5

Rahge'

29-30
26-34

31-32
26~33

Mean Range Mean Range

30
28

28

July 2-8  July 915 = July 16-22

42 36-48

39.5 36-43

* See Figure 9 for locations of fry traps.

July 30 -
Aug. 8
Mean Range
35 35
56 56
52 52



MEADOW CREEK KOKANEE SPAWNING MIGRATION FROM KOOTENAY LAKE

FIGURE 10, Some fishes of the Duncan-Kootenay system




KOOTENAY LAKE RAINBOW TROUT - ABOUT 20 LBS.
{B, Blackmore Photos)

FIGURE 11, Some fishes of the Duncan-Kootenay system
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LB. AND A 9% LB. DOLLY VARDEN CHAR
FROM LOWER DUNCAN RIVER

FIGURE 12. Some fishes of

WHITE STURGEON FROM

A 300 LB. AND A 110 LB.
KOOTENAY LAKE AT MOUTH OF LOWER DUNCAN

RIVER (Rutherglen Photos)

the Duncan-Kootenay system
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1963 fry first appeared immediately after the first decline from
peak water flows. Water temperature was above 50° F. (Figure 9).
In 1963, only 147 rainbow trout. fry were captufed. Trapping rec-
ords indicate that all fry had left the river shortly After the
end of August. |
Dolly Varden Char
| There are spawning runs of Dolly Varden'chér in

Hamill, Cooper and John Creeks, and Lower Duncan and Lardeau
Rivers which are of importance to the Kootenay Lake fishery and
to the local river sport fishery. These spawning fish are prob-
ably from Kootenay Lake.

In 1962, Dolly Varden cﬁar comprised 33.& percent of
‘21l fish angled in-the.north and south arms of Kootenay Lake.
These fish averaged 57.4 cm. in length and 2.3 kg. in weight
(22.5 inches; 9.1 1bs.). In Lower Duncan River the Kootenay Lake
migrants remain temporarily in pools immediately below the mouths
of Hamill Creek and Cooper Creek and mature fully before moving
upstream to their spawning beds in these creeks and in Duncan and
Lardeau Rivers. There are atillienough fish in these pools at the
opening of the fishing season in the river (September 1) to attract
a great many anglers who angle notAonly for spawners going upstream
but also for kelts (spawned=out fish) moving back down the river

to Kootenay Lake. About 100 anglers were counted at the mouths
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of Haﬁill and Cooper Creeks on Labour Day weekend of 1963.
Fishing continues in the Duncan and Lardeau Rivers throughout
the winter until the river is closed to fishing on April 1.
.Kokanee |

Very large numbers of kokanee (landlocked sockeye
salmon) frequent the Duncan-Lardeau River systeﬁ-fof spawning.
The adults first appear in the rivers in late‘August or éarly
September and spawn in September, October and November. They
die after sﬁawniné. These fish provide an important food source
for rainbow trout, contribute an imporiant sport fishery to
Kootenay Lake, and provide eggs (from collections at Meadow
Creek) for fish culture throughout North America.

Qther Species

Other species of fish known to be present in the
Kootenay Lake-Duncan River-Duncan Lake system are listed below:

Mountain whitefish - Prosopium williamsoni

Pygmy whitefish ~  Prosopium coulteri

White sturgeon - Acipenser transmonténus
Burbot or ling - Lota lota

Largescale sucker - Catostomus macrocheilus
Finescale sucker - Catostomus catostomus
Northern squawfish -  Ptychocheilus oregonensis
Redside shiner - Richardsonius balteatus

Peamouth chub - Mylocheilus caurinus
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longnose dace  ~ Rhinichthys cataractae

Slime& sculpin -  Cottus cognatus

Potentiai'fisheries‘of some magnitude exist for
whitefish, ling and sﬁurgedn in the Duncan Lake and river
system; however, these species are presently only lightly

exploited.

THE KCOTENAY LAKE SPORT FiSHERY

Construction of a dam on buncan River will adversely
affect the sport fish production of.Kootenay Lake. A brief
description of this unique and important fishery‘follows:

A race of eﬁceptionally large rainbow trout e#ists
in Kootenay Lake, with fish weighing 20 pounds not uncommon;
and rainbow trout up teo 30 pounds have been caught. The
Lardeasu River is the major spawning stream for these fish;
the most important spawning area is between Mobbs Creek and
the outlet of Trout Lake, in the upper 1/4 mile of the Lardeau
River. Duﬁcan River contalns a spawning area of lesser import-
ance. Angling for these fish has always been popular and
creel census reports indicate that fishing success and pres-

sure have increased over the last few years.
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Kokanee also contribute substantially to the
Kootenay Lake sport fishery (Sparrow, 1962, 1963), for ex—

ample:

TABLE III. Some kokanee measureménts from creel census
records, 1962 and 1963.

Year Number Caught Length (em.) Weight (kg)

1962 1,677 20,68 0.186

1963 L,758 No data available (but
kokanee observed to be
larger) '

SPORT-FISHING EXPENDITURES FOR KOOTENAY DISTRICT

‘In'1958; J. H. Gee, at the request of the Fish
and Game Branch, prepared an estimate of money spent on ang-
ling in the Kootenay district of British Columbia. This esti-
mate was obtained from information volunteered by licence
holders replying to a standard questionnaire. The licence
holders receiving a questionnaire were selected at random
from residénts of B. C., noh-resident'Canadians, and non-
resident Americans. Of a total of 24,270 licences sold in
the Kootenay district, 938 were sampled, from which 266 replies

were received.
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Gee estimated the total expenditures for the
Kootenay district to be $l,5h?,080.00 or $103.07 per angler
in 1958 for resident anglers; $211,395.00 §f $55.91 per
-angler for non-resident Can#dian anglers; $l70,985.60 or
$61.55 per angler for non-resident American anglers. This
gives a total expenditure of $l,929.462.08.6r $89.L5 per
angler spent by all licence holders on sﬁort fishiné in the
Kootehay district.

| It wﬁé found that 41.3 percent.ﬁf resident lic-
ence holders fished Kootenay Lake; also 14.3 percent of the
: non-residé;t Canadians, an& 80 percent of non-resident
Americans. _ A '

" A ﬁotai of 42 percent of all licence holders
fishing in the Kootenays fished mainly in Kootenay Lake and
sport fishing in Kootenay Lake resulted in an expenditure of
about $810,000.00 in 1958.

Creel census studies on Kootenay Lake indicate
that fishing pressure tnumber of hqurs fished) has about
doubled in 1963 from the 1958 figure. It is reasonable to
assume that the expenditure on sport fishing has increased
by a similar proportion. This, then places a value of about
$1,600.000.00 on the Kootenay Lake sport fishery in 1963. This
figure does not include an important fishery for rainbow trout

and kokanee in the "west arm" of Kootenay Lake.



TABLE IV. Creel census data for Kootenay Lake sport fishing
for years of available records, 1953 to 1963,
(Cartwright, 1961).

L Toial Total Avg, - Avg,
Year Hours - Fish Cateh/hr. Catch/hr.
Fished Caught ALl Fish  Rainbow Only
1953 25,232 3,306 013 - 0.086
1954 34,444 5,547 0.16 - 0,106
1955 17,512 l,188 0.24 0.16
1956 20,000 03,2000 0.6 0.105
1957 11,495 4,503 10.39 0.32
1958 8,535 5,456 0.6, 0.6
1959 23,763 8,003 0.3, 0.20
No. - Hrs. Total — Catch/hr.
Year Ariglers Fished Fish Rainbow Rainbow
‘ Over 5 lbs.
1962 . 9,857 11,235 5,237 2,331 0.056
1963 12,633 52,076 8,366 2,990 0.057

These: creel census reports show a progressively in-
creasing mean size for rainbow caught during the years previous
to 1962. A creel census survey in 1963 shows a further size

increase in the fish caught in that year.



A progressive increase in size of fish and catch
per hour contribute substantially toward msking Kootenay Lake
an increasingly popular fishing area for tourists and for

residents of the area.

WILDLIFE OF THE DRAINAGE AREA

Big game animals, fur bearers anﬁ waterfowl were
observed in‘ﬁhe Duncan Reservolr area in 1963. Only in some
few instances was it possible to obtain population estimates.

Big Game .

Seven elk were seen in the upper Duncan marshes in
May and evidence of-this species was observed throughout the
reservoir area. An extensive burn in ;ﬁe vicinity of Howser
Creek may winter a substantial population of elk; pérhaps 100
head, most of which probably use the reservoir area seasonally.

No evidence of‘the presence of moose was seen in
the reservoir area but there are rgpofts of moose in tributaries
to the east of Upper Duncan River. Goat are known to occur
along the Upper Duncan valley, and one area of concentration
close to the reservoir level is between Duncan Lake and Howser
Creék. No estimate of population numbers is possible. Caribou

are commonly taken by hunters in the Upper Duncan reservoir
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area. Considerable evidence of spring use of the marsh area
was observed; hoﬁever, there is little quantiﬁétive basis for
an estimate of numbers. Possibly about 50 caribou-occﬁpy the
upper drainage periodically. Much evidence of ihé presence
of black bear was found in Upper Duncan reservoir area. The
population which periodically lives withiﬁ the marshes is be-
lieved to be in the order of 25 animals.l Grizzly bear are
relatively common in the Upper Duncan drainage. One specimen_
was seen during the course of studies and evidence of the
presence of grizzly bear was noted throughoﬁt the area. A
population of about five is assumed to seasonally frequent
the reservoir area,

Fur Bearers

Beaver are common in all wetland areas. There is
little factual basis for estimating numbers but on the basis
of area and quality of habitat a population of about 1,000
probably occuples the reservoir area.

Probably about 2,000 muskrat occupy the wetlands
in the reservoir area.

Evidence of the presence of mink is common.in rip-
arian habitat in the reservoir area. WNo estimate of numbers
can be made.

Otter probably occur in the Duncan system. No

evidence of the species was found.



Mhrten-were not observed; however, this species
undoubtedly occupies uplaﬁd areas in and adjacent to the
- regservoir area;i No estimaﬁe of numbers is possiblé.

Weaséls'were.not seen in the reservoir area al-
though they are probably present in the Duncan dfainage. No
estimate of numbers is possible.

Squirrelé were commonly found throughout the
Duncan reservoir area. No estimate of numbers is possible.

Waterfowl

Geese'yere observed nesting in the Upper Duncan
marshes but there are no data to indicate the size of the
nesting pqpu;ationa. Spring agd fall counts of up to 1,000
geese were-made-in the Upper Duncan mgrshes; ﬁrobably 5,000
geese migraté ﬁh;ough the area.

| Ducks nest in numbers in the Upper Duncan marshesr

and observed spring and fall migrating populations numbered
from 3,000 to 4,000 ducks. The nesting population probably
numbers at léast 1,000 pairs, and numbers of migrating birds
passing through the area approximates 50,000 ducks.

Smail groups of whisﬁling swans were seen in May
and October in the Upper Duncan area. Probably several hun-

dred periodically use the area during spring and fall ﬁigration.



Upland Game

Ruffed grouse are common in the reservoir area,
associated with riparian and deciduous cover on the valley
floor. |

Blue grouse probably occur in upland areas of the
reservoir, although none were obser&ed during‘l963.

Franklin grouse probably occur in upland forest

habitat although none were observed in the reservoir area.
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EFFECTS OF DAM CONSTRUCTION AND OPERATION

EFFECTS ON_AQUATIC POPULATIONS

Physical Effects
Dunecan Lake

As far as is presently known{ water will be stored
in Duncan Lake from May 1 to approximately September 1 of each
year, reaching a maximum pool elevation of 1,892 feet by July,
After September, pool elevation will drop at a fairly steady
rate until maximum drawdown is reached at an elevation of 1,800
feet by May 1. A similar cycle will be cpntinued after instal-
lation of power eqﬁipment at Mica Creek damsite except that the
full pool elevabion will be between 1,860 feet and 1,880 feet.

The factors influencing the iemperature character-
istics of both the reservoir and the tail-water include temperature
and volume of inflowing water, depth of reservoir, weather con-
ditions, flow regime of reservoir discharge and level of discharge.
These factors interact and consequently make any prediction of
temperatures within the reservoir and Lower Duncan River extremely
difficult. However, some general predictions can be made. Be-
cause the dam is to be used for storage only, with water stored

in the spring and summer with little discharge during this period,



thermal stratification will result. There will be a constant
drain of cold "bottom water which.will result in a lowering
of the thermocline and a geheral warming of the reservoir.
Maximum water temperatures will increase because surface water
will not be drawn off and the depth of the-warmef stratum will
be greater. Present Duncan Lake profiles are shown in Figure 13.
Another change will occur after impoundment. Water
from Upper Duncan River will be colder than the reservoir itself;
hence upon entering the north‘end of Duncan reservoir it will
tend to "diveM unﬁer the surface waters of the reservoir to a
depth which approximates its own density; because the Upper
Duncan River is very heavily silt-laden and therefore more
dense than clear #ater of the same temperaturé, it will dive
to a depth greater than that of its own temperature. This
will create a moving mass of cold water thréugh the reservoir--
a so-called "density current®. Ellis (1940) found that these
moving masses of water differing in temperatufe and density from
the surrcunding media eddy at greé@ depths and contribute to a
highly complex thermal structure. Apparently,.movement of the
density currents combined with the shape of the basin and regime
of discharge result in a reservoir whose regions of specific

temperature and oxygen concentration are "hardly predictablet.
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As far as the denslty current from the Upper Duncan River is
concerned, one of two things could occur to affect temperature
of reservoir and tail—watef; (1) the current could retain its
identity throughout the length of the reservoir and, if it
constituted the bottom stratum, it could become the prime con-
tributor of the discharge flow, or (2) it could constitute only
a small portion to the entire discharge flow at certain times
of the year. This latter possibility is dependent upon two
factors--the level to which the density current sinks and the
rate at which sediment settles out of this density curreﬁt
(thus reducing its density).

If the Upper Duncan River density current does
retain its identity through the reservoir as a cold, sediment-
laden water mass, then these two factors become highly important
in predicting tail-water temperatures at different times of
the year. The level which this current maintains in the res-
ervoir will determine when it will be discharged and when it
will affect (markedly decrease) tail-water temperatures. The
rate at which sediment settles out will determine the density
of the current (and therefore its level) while the temperature

remains the same.



Figure 13 shows how Duncan Lake temperature pro-
files vary throughout a season.

Altefnately, water from Upper Duncan River may
become thoroﬁghly mixed withrDuncan Lake water before reaching
the dam and thus lose its identity. If this should happen
any prediction of the thermal characteristics of the reserveoir
is still hasardous. Ellis (1940) points out that since the
outlet elevation of a reservoir and thaet of a natural lake are
often different, the temperature pattern of a reservoir is often
distinctly differént from year to¢ year. While thermal char-
acteristics of a natural lake are often predictable and relatively
similar at‘theAsame time each year, the temperature characteris-
tics of a rgservoir can change abruptly during drawdown.

Because Duncan dam will slow the current of Upper
Duncan River through the reservoir appreciably when the turbidity
of river water will be greatest (May, June, July, August) there
will be an increase in gedimentation in the lake as compared
to pre-impoundment conditions, but decreased turbidity of
reservoir water due to this settling effect. Sedimentation
and turbidity adversely affect fish eggs and fish at all stages
of development. The effect of siltation on fish eggs will be

discussed in a later section (see Lower Duncan River).



Effects on fish may be "direct" through gill clog-

ging or Mindirect", through smothering of fish-food organisms,
: Concentrationlof inorganié materials must be very-high before
death is brought about by gill clogging. Warren (1951) found
that 75,000 -~ 200,000 p.p.m. of silt, a condition very rarely
found in nature, could be fatal.

Indirect effects of fish survival and growth are of
greater significance. The survival and growth of fish is in-
fluenced to a great extent by the availability of food supply.
Consequently, by affecting food supply, turbidity and siltation
can indirectly alter the survival and growth of fish. This can
be done in several ways: by smothering bottom fauna, by reducing
primary productivity or by reducing the effiéiency of fish in
obtaining food.

A smothering effect will occur in the following way.
The suspended materials in the reservoir behind the dam will
sink to the bottom due to reduction in current speed. This
sediment will blanket the reservoir bottom with a layer of silt
to a greater extent than at present., This will tend to suffo-
cate bottom fauna populaticns and prevent maximum utilization
by fish food of terrestrial organisms newly covered with water
within the flooded reservoir. It has been shown that an initial
increase in fish size immediately after reservoir flooding is

due to a great extent to the use of terrestrial organisms as
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fish food. Any prevention of such a contribution would seriously
limit this initial siée inerease. Further, any organic fines
deposited on the bottom may have a substantial 02 (oxygen) demand
and‘thus ccntribute-to_an 02 depletion in the lower strata. The
ability of séttling material to carry with it to the bottom finély
dispersed organic matter has been shown by Bartsch (1954). He

has found that gases are given off by such deposits of decompos-
able organic material. This 1is an indication of excessive O2 con=
sumption, a coﬁdition unfavourable to fish life.

Thé effect of turbidity and siltation on primary prod-
uctivity is due to the ability of suspended particles to absorb
radiant energy in the upper water layers, thus reducing the depth
of effective photosynthesis. A reduétion in phﬁtpsynthesis results
in a reduction in production of algae and other phytoplankton which
are part of the food chain for many sport fish, and for larger
organisms on which fish feed. Such a relationship between turbid-
ity and productivity was shown in the Missouri River (Anon. 1954).
Prior to erection of major dams on the Missouri River, the river
was relatively unproductive of phytoblankton. After dam construc-
tion, the water was less turbid and had a greatly increased growth
of photosynthetic life {algae). Below one dam‘a 20-fold decrease
in turbidity was parallelled by a 10-fold increase in phytoplankton

production.
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In summary, fishes (kokanee) which dwell in upper
waters'of the reservoir and feed upon plankton should benefit
through increased primary pfoductivity. Dolly Vardén,-feeding
upon a varieﬁy of food forms (small fish and bottom fauna) may
experience little change in growth rate. Rainbow trout prob-
ably will exhibit decreased growth rates because of annual
inundation and dehydration and smothering of areas most produc—
tive of bottom dwelling organisms (their major food source).

. Upper Duncan River

Until installation of power generation facilities at

Mica damsite, the reservoir will be drawn down prior to May to
elevation of 1800' and should fill to maximum pool elevation of
1892t by July of each year. At minimum pool elevation the
reservoir will occupy the same area as the present Duncan Lake.
The period of filling each year will require three months and
will extend the lake by a distance of approximately 16 miles
over a part of the Upper Duncan River which has much gravel
which may presently be used for spawning purposes. If this
river is used for spawning by spring spawning fish (i.e. rain-
bow trout) any eggs laid in the spring will be under about 92
feet of water before they hatch, and fish that normally lay
their eggs in the Upper Duncan River during the months of August,

September, and October {Dolly Varden, kokanee, whitefish) will
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find their spawning grounds submerged in a great depth of still
water. Successful spawning cannot take place under these new
conditions. |

To date, natufal glacial erosion and logging on the
Upper Duncan River have had serious effects on.spéwning poten~
tial. A river water sample revealed a silica content of 43 p.p.m.
on August 11, 1963, and 220 p.p.m. on August 13 after a rainstorm.
Increased soil ercsion from logged-off land has resulted in in-
creased turbidity of the Upper Duncan River. Log driving has
added to turbidity by physical action of logs against the river
bottom and the river banks. Wood chips, bark and sawduét have
become suspended in the water, adding to turbidity. This prob-
lem has been magnified by removal of river bank vegetation to
prevent trapping of logs floating within the river. Physical
damage to gravel beds has resulted from action of logs against
the bottom, displacing spawning gravel. The extent of this action
is dependent upon depth of water over gravel beds in relation to
size of the logs. Gravel has also been displaced in efforts to
remove logs stranded on gravei bars. Probably, eggs have been
destroyed by operation of the equipment necessary for this log
removal,

The effects of logging and resulting sedimentation

on bottom fauna has been studies in a North Carolina Appalachian
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- watershed by Tebo-(l?ﬁﬁ). He found that pools and riffles
downstrean rromla logged watershed were covered with a layer
of unproductive sand and micaceous material. Hhen:sedimenta—
tion of this type was greatest, the crop of bottom fauna was -
drastically reduced in comparisocn to unaffected ﬁabitats up-
stream. . _

If furbidity‘conﬁinues to increase, it will have
an increasingly adverse effect on fish in Duncan reservoir.

Lower Duncan River

Construction of Duncan Lake dam and subsequent
water storage and release will alter the flow regime of Lower
Duncan River. P;esently, water flows are greatest in June
with arpfoéréssiﬁe declihe until March, when volumes aggin
increase until a maximum is again reached in June.

Because downstream water requirements and climato-
logical conditions are difficult to predict from year to year
it is impossible to estimate with any degree of accuracy the
effect of the Upper Dﬁncgn River flow regime on reéervoir and
tail-water characteristies. Table V and Figure 14 show approxi-
mate flows anticipated in Lower Duncan River in *normal® ysears

and following dam construction.



Table V. Present and predicted waterflows in Upper and Lower Duncan Rivers
from 21 years of waterflow records.

Predicted Mean Flow
For Upper Duncan River

For Normal Year 3 Year Average Monthly Discharge From Tailwat.er Flow
(estimated from Lower Mean Flow of Live Stored Water In Normal Year
Duncan River discharges) Glacier Creek (normal year) of Dam Operation

Month C.F.S. + C.F.S. + C.F.S. = C.F.S.
January 375 57 2850 3482
February 494 | 6L 2850 3408
March © 519 | L6 2850 315
April 1,252 108 2850 4210
May - 5,000 368 Storage 1000
June 10,700 1256 Storage 1000
July 9,400 o 1021 Storage - 1000
August . 5,490 860 Storage 6360
September 2,860 393 2850 | . 6103
. QOctober 1,767 160 2850 4777
November 1,082 106 2850 4038

December 764, 78 . 2850 3692
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A maximum full pool elevation of.1,892 feet would be
obtained by holding back the-spring and summer high flows, creat-
ing a maximum live storage capacity of 1,400,000 acre feeﬁ.

Tﬁis will be released as requireq by the United States for power
requirements, probably in late summer 6r early autumn. This
water will be released at a fairly uniform rate until the reser-
voir is drawn down to a mininum pool by May 1. Regulatéd water |
releases wiil have the effect of "smoothiné out" the present range
of mean mpnthiy water flows. Presently, extreme low and high |
mean monthly flows of 494 and 10,700 c.f.s. are recorded for
February and June; with controlled water release these extremes
may approximate 1,000 ¢.f.s. during summer months and about 6;200

c.f.s. in fall months.

Chemical Effects
Duﬁcan Lake _

The chemistry of lake and rgservoir waters is of
priﬁe importance in determining their productivity. Northcote
and Larkin (1956) in a study of 100- B. C. 1akes found a positive
correlation between dissolved solids.and plankton and fish abun-
dance while Rawson (1958) has found that in some smaller lakes in
Western Canada, favourable “edaphic® (chemical) and climatic con-

ditions may overcome adverse morphological conditions to provide
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moderate biological productivity. This, howefer, did not hold
true with extrémely, large Vlakeé such as the Great Lakes or
those in the Northwest Territories. This section wiil_discﬁss
prédicted changes in chemistry of phe water of Duncan Lake res-
ervoir and Lower Duncan River.

The capacity of water to hold oxygen in a dissolved
state varies inversely with the temperature'éflthe water.-
Since the surface water of Duncan Lake will ﬁe warmer during
summer months after iﬁpoundment than at present, its ability
to hold dissolved oxygen will be reduced. The cooler water
from lower levels will contain more dissolved oxygen per.unit
yolume than will surface water. This tendency towards chemical
. stratification will become more pronounced after impoundment due
to_greater warming of the surface water from a greatly increased
surface area and from rétention of warm upper water of the res-
ervoir.

A more acidic condition of reservoir waters ls
anticipated for the first years of impoundment  as newly inun—
dated acidi§ forest soil is léached.A-A'change in the pH of the
water may alter the species of -organisms present within the

reservoir.
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Generally, a low total'dissolvéd solid (T.D.S.)
content in lake ﬁatéf indﬁces relatively low biological
productivity. . The T.D.S. of the waﬁers of Duncan_resef-
'.voir may increase after impougdment due to leaching of
nutrients from flocding of onshore‘areas. This will be .
a temporary condition; flushing of reservoir water will
returﬂ the concentration of dissolved solids to normal,
or near normal, in a few years. Severai inoiganic ele-
ments wili temporarily become more abundant through leach-
ing following reservoir filling. |

Lower Duncan River
| Chemical changes in Lower Duncan River following
establishment of a reservoir at Duncan Lake ghould reflect

the changes which take place in the latter body of water.

Biological Effects
_ Duncan lake

Primary productivity may be defined as the rate

at which enérgy in the form of organic substances can be
stored by photosynthetic and chemﬁsynthetic aétivity of pfo-
ducer ofganisms. Producef orgénisms are phytoplankton and
larger green plants in a body of water. In oligotrophic lakes

such as Duncan, the most important energy producers are



nanoplankton. These organisms are at the bottom of the food

chain which ultimately provides food for fish and are there-

fore of prime‘importance.. Any factor affecting the sﬁrvival

and growth of these organisms will uwltimately affect the sur-
vival and growth of fish.

An increase in primary production in the reservoir
can be expected for the first few years of impoundment. This
will be due to the increased nutrient éupply,from the newly
jnundated land, plus increased clarity from sediment settliﬁg
in the upper end of the reservoir., Little net chemical change
will be observed as these nutrients will be quickl& assimilated
in fish and food organisms, and will be lost through flushing!
of reservoir water. Another cause of nutrient loss, suggested
by Murphy (1962) is "bacterial utilization éf stored energy
of drowned vegetation which is exhausted in a few years".

During drawdown, water will be taken from well
below the surface of the reservoir. This will remove nutri-
ents and lower the thermocline. The volume of the epilimnion
(upper water layer) may remain ﬁhe same during stérage and
drawdown but due to decreased lake surface area resulting from
_drawdown, depth of the epilimnion will increase. Volume of
the epilimnion may also increase due to a greater accumulation

of warm water, resulting from sub-surface drawdown.



The beneficial effect on pro&uctivity of an in-
creasé in nutrieﬁt sﬁpply-from the leaching of flooded land.
. may be off-set to a ceftaip extent‘ﬁy drawadown'and inéreased
Aepilimnion depth. The epilimqion may become too deep to allow
optimum utilization of both radiant.enargy and putrients.in' |
the hypelimnion (deep water layer).

In summary, limnological conditions in Dtncan
Lake may‘bé altered in a variety of wayé. Initial increase
in productivity may result from introduction of nutrients frém
inundated soils and increased clarity (with higher photosyn-
thetic activity) caused by more efficient settling of silt
from Upper Duncan River in the long reservoir basin. Reduc-
tion in productivity may result from draw-off of richer
bottom.wétar and smothering of bottom fauna as well as serious
reduction in littor#l (shallow water) populations of bottom
organisms. The complex_of factors affecting total produc-
tivity of Duncan reservoir is difficult to assess.

JImpoundment of water will affect two populations
éf botfgm fauna. The first will‘bé the population existing
in Duncan Lake before impoundment; the second will be the
newly established population in the area which will be periodi-

cally inundated by the reservoir. The former will be adversely
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‘affected by the greatly increased depth aﬁ-ﬁhich bottom organisms
will be placed for paft of the year. Unless the organisms are
able to move to shallower water they likely will not survive
this inundation. Alsc, the increase in sedimentation in Duﬁcan
Lake may further reduce presentiy existing populations of bot-
tom fauna in the lake by smothering. The latter populations
will be affected by seasonal fluctuations-in water'le#el; alter-
nate fldoding and dehydration will leave ihe periphery of the
lake relatively barren. |
© In 1963, botton dredge samples were taken to deter-

nine the kinds of bottom fauns present in Duncan Lake. An
Ekman dredge, capable of sampling 81 sqﬁare inchés 6f bottom
was used to obtain 80 bottom dredgings, 58 of which were from
less fhan SO.feet water depth.  In all; 928 ofganisms were ob- |
tained, or 11.8 orgaﬁisms per dredging. The following table
shows the kinds of organisms obtained.
TABLE VI - Numbers and kinds of bottém organisms taken by bottom

dredging, summer, 1963.

Order Diptera (insect-Iarvae) |

F. Ceratopogonidae and
F. Chironomidae - 889

Others

Phylum Mollusca (clams, snails}
Class Pelecypoda '
F. Sphaeaiidae : 25
F. Unionidae 3



Class Gastropoda

F. Flanorbidae 3

F. Physidae : 1
-Phylum Annelida (leeches)

- Hirudinae - 7

928

-If Duncan Lake is divided into five.aréas-fsouth end,
south bay, mid lake, north bay, north éndA(see Fiéure 15) and
the nuﬁber of organisms per dredging is considered in each divi-
sion, an interesting comparison can be.made:

TABLE VII Capture areas and depths of organisms obtained by
bottom dredging, Duncan Lake, summer, 1963.

- Less than . Greater than
50 ft. water depth 50 ft. water depth

58 dredgings 22 dredgings
South end - : 6.7 2.1
South bay 24,0 9.7
Mid lake : : 6.2 2.3
North bay 6.1 2.3
North end 51.6 42.0

The mean number of organisms per dreding was almost
the same in both depth groups--12.) for those under 50 feet in
depth and 10.5 for those over 50 fest in depth. This unusual
clrcumstance was due to the large number of organisms found in
the North end at all depths. This large number m;y have been

due to a large influx or organisms from the Upper Duncan River,



flowing into Duncan Lake at this point. If these particular
dredgings are deleted, the average number of organisms per
dredging over 50 feet in depth would have been 3 an@ undér 50
‘feet depth, 9.7.

Northcote and Larkin (1956)‘consider bottom fauna
to be sparse when the number of organisms per 81 square inches
is 10 or less, moderate when between 11 and 25 and abundant
when greater than 25. By this index, botﬁom fauna in Duncan
Lske is sparse to moderate.

Figure 15 relates bottom fauna to turbidity (meas-
ured with a standard Secchi disc). No positive correiation
exists, except in Soutﬁ Bay where bottom fauna is relatively
abundant and water is clearest. Because most of the filled
reservoir will be steep sided, erosion of the ﬁanks will be .
rapid. Wave action against the banks will break up existing
vegetation and humus and will expose bare rock. Water level
fluetuations will produce a wide band denuded of vegetation and
supporting 1ittle bottom fauna around the reservoir.

In summary, there will bé.a decrease in number of
bottom dwelling organisms due to reduction of suitable habitat
and a reduction in numbers of species due to the increased
specialization required to survive under the new envirconmental

extremes.
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FIGURE 15. Duncan Lake bottom fauna distribution (number of organisms/dredging).
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Immediately after rlooding of present on-shore
areas terrestrial organisms will become available to the fish
as food. Terrestrial insects and worms will be in great abun-
dﬁnce for the first few years, but being terrestrial, the supply
will not be replenished in an aquatic-habitat and_uill eventu~
ally become exhausted.

During the first few years of impoundment some species'
of forage fish will flourish as a result of increased food sup-
ply, and they will thus become more available to other fish as.a
source of food. For example, many cyprinid species (minnows)
will utilize the incréased plankton production and produce an
abundant food supply for predator fish such as rainbow trout,
Dolly Varden char and squawflsh.

Lower Duncan River

Production of bottom fauna in Lower Duncan River should
increase if water clarity increases. However, it is probable
that & marked reduction in temperature will occur below the dam,
thus offsetting beneficial effects of increased light penetration
and lack of silt. The concurrent éffectsAof these factors is
difficult to predict. Sudden water releases and level fluctua-
tions may seriously reduce bottom fauna populations in tail-water

areas.



" Effects on Sport Fish
Dam construction will affect fish populations both

within Duncan Lake and River and in.Kootenay Lake. Fish in
" Duncan Lake will be affected at all stages of their life cycle;
Kootenay Lake rainbow trout, Dolly'Vardeh char gnd kokanee will
be affected during growth periods in the lake and during spawn-
ing aﬁd incubation in the Lardeau-Duncaﬁ river system.
Duncan Lake |
| Growth rate changes in fish populations in Duncan.
Lake nay be brought about by changes in feéding habits of the
fish. As mentioned previously, any initial period of increased
productivity lasts for a short time. Its duration depends on
lake topcgraphy, rate at which minerals and nutrients are
leached from the soil and éxtent of water level'flﬁctuations.
Duncan reservoir, ﬁith itﬁ steep, easily eroded shores and
extreme water level fluptﬁation, will have a short pericd of
impfove@ feeding conditions. Any increased growth of sport
fish (particularly rainbow trout) will be terminated within
a few fears of initial impoundmeﬁt. Coarse fish such as suckers,
chub and shiners will also show initial growth lncreases.
Earthworms are the chief terrestrial food utilized.
They are the principle food found in trout stomachs in many

new reservoirs. Campbell (1956) found an increase in size
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in older fish only. Trout in their first énd second years
showed no initial size increase. Campbell postulated that .
the large size of terrestrial organisms precluded their use
by smaller fish as food items. Utilization of larger terres-
trial food forms with a compafatively small output of energy
should increase efficiency of conversion‘of‘fisﬁ food organ-
isms to fish flesh. |

Dolly Varden may initially uﬁilize‘the abundant
terrestrial organisms, but this species of fish is @iversi- ‘
fied in its feeding habits, often feeding on fish and plankton
as well as on bottom fauna. These fish may better édapt them-
selves to reservoir conditions after the increased supply of
térrestrial.organisms.is reduced. When bottgm fauna is reduced
those fish dependent on bottom organisms mus£ seek a new source
of food.

Changed conditions within Duncan reservoir and its
tributary streams may affect the numbers of each species of
fish in the reservoir. Game fish such as rainbow trout, Dolly
Var@en char and mountain whitefiéh probably will decline in
numbers due to loss of food and restriction of spawning gfounds.
Non-game fish species, such as squawfish, suckers, peamouth

chub, dace and sculpins may increase in numbers in the reservoir,



because of their greater adaptability to éhaﬁged conditions.
These species are -more diversified in their feeding habits, and
they probably will_have less competitioh for food from spoft
fish., _ ' | |

Lower Duncan ﬁiver

Rainbow tfout,~Dolly Varden char and moﬁntain
whitefish ﬁere observed in Duncan River dowﬁstream.of the dam~
site. Following construction of the dam, all apépies in the
river below the dam will be subjected to colder water tempera-
tures than at present during the period April 15 to November 1.
On the other hand, winter temperatures will be higher f#vour—
ing increased production of fish food andrfish. ‘The net effect
. of thése temperature changes cannot at present be predicted for
resident fish in Lower Duncan River. |

Kootenay Lake . |

Operation of Duncan reservoir will probably have
seriously adverse effects on fish which-are of great importance
to the KooﬁenayALake sport fishery. Kokanee salmon, which uti-
lize Lower Duncan River for spawning'will be eliminated from
Duncan River upstream from the confluence of Lardeau and Duncan
Rivers. Rainbow trout and Dolly Varden char will also be slim-
inatéd from the same area, but may utilize downstream areas to

some extent if'siltation is reduced.
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Altered flows in Lower Duncan River in May
through July can‘hafé serious effects on homing and migra-
tory behaviour on rainbow prqut in Hay, on Dolly Vardeﬁ
in kuly and on kokanees in September and October.

Rainbow trout destined to spawn at Gerrard,
on the upper Lardeau River, migrate from Kootenay Lake
from #pproximately May 1 to May 20 of e#ch year. Reduced
flows in Duncan River below its conflueﬁce with Lardeau
River, togéther with colder water from Duncan reservoir may
delay the rainbow trout migration to such an extent as to
seriously reduce spawning success oﬁ the upper Lardéau,
Delay of spawning for rainbow trout can result in increased
eég and fry mortality if eggs are deposited at later than
normal dates in the Lardeaﬁ River. Egg depoéition, fry emer—.
gence and fry migraiion afe keyed to water flows and tempera-
ture of river water; heneé any change in timing of the spawniﬁg
migration may result in a changed chroﬁology for progeny.
Since reproductive behaviour for fish populations has been a
result of evolutionary selectionIOVer a very long_time, changed
migration, spawning and hatching times will result in reduction

of recruitment to the trout population.
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Dolly Varden char migraté into the Duncan-Lardeau
River system from Kooténay Lake principally in July. These .
fish often can be observed gpawning_ih smaller tributariés
of the Duncan and Lardeau River in August and (occasionally)
September. Specimens of large fish (in excess 0f130 inches
in length, 10 pounds in weight) have been obtained in summer
from tributary streams but not from Duncan or Lardsau River.
Spawned-out Dolly Varden char have been pﬁssed,downstream
through fish traps on Meadow Creek early in September, Dras-‘
tically reduced flows and changed water temﬁeratures in Loyer
Duncan River will probably delay Dolly Varden migration in
the same manner as for rainbow trout. In addition, the fairly
extensive Dolly Varden spawning habitat in the area of the
Duncan dam will be eliminatéd, and any fish which might tradi-
tionally spawn in thé Uppsf Duncan River after migrating througﬁ
Duncan Lake will be blocked.from ascent of the river.

Kokanee appear in large numbers off the mouth of
Duncan River in Kootenay Lake in the last week of August and
the first week of September. Diséharge from the Duncan dam at
this time of year probably wili,approximate,6,000 e.f.s. Suf-
ficient flow will exist in the Lower Duncan River to attract

kokanee, but the temperature of the water discharged from the
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reservoir will probably be in the range of 40° F. to 45° F.,
which is 15 to 25 degrees colder than water presently flowing
out of Duncan Lake in August and September. Homing of fishes
(returning to their natal streams) is largely dependent on
physical andlchemical characteristics of the stream water in
which they are hatched. Alteration of the chemical character
of Duncan River water below Duncan dam probably will be slight,
although it is unpredictable at present; Temperature reduc—
tion (see previous page), however, will be extremely large, ‘
and may prove a most serious threat to kokanee migratory be-
haviour and reproductive success. |

Data on the thermal structﬁre of the north arm of
Kéotenay Lake are available from independent research on the
lske, and suggest that at present, Duncan Rifer maintains its
identity as a sub-éurface current after entering Kootenay Lake
(Larkin, 1951). Bathythermograph records of water temperatures
indicate that Duncan River, aftér entering Kootenay Lake, sub-
merges and flows along the west side of the lake toward the
south, and is identifiable as a flowing water mass by its
thermal structure. Homing migrant spawners may orient to this
water mass when moving northward toward the mouth of buncan

River. Reduction of temperature in Duncan River will cause
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the river flow in Kootenay Lake to dive to a deeper level
in the lake, and will mostlprobably affect migratory behav-.
iour of all species orienting,to iﬁ.v. |
| Ipformation on movement of rainbow trout, Dolly
Varden char and kokanee salmon in Kootenay Lake is lacking '
at present, In addition, nothing is known: of the direct
effects of Duncan River water on the spoft'fishing in Koot-
enay Laké. A general prediction can be ﬁade that ecological
conditions-in the norﬁh arm of Kootenay Lake may be_profoundiy
changed by dam operation. Until information from Kooteray
Lake can be integrated with data collected in Duncaﬁ and
Lardeau Rivers, the course of events with respect to migra=-
tory fish- cannot be predicted with any degree of confidence.
Further studies are in progress on migratory habits
of the three most iﬁportant-species of salmonids ascending
from Kootenay Lake intoltﬁe Duncan-Lardeau River system.
These fish (rainbow trout, Dolly Varden char and kokanee
salmon) constitute the populations upon which the Kootenay
Lake fishery is based. ﬁainboﬁ £rdut are the most highly
prized; Dolly Varden char, which attain larger size, are
also avidly sought; kokanee (which are also important to
anglers) provide the main source of food for both rainbow
and Dolly Vdrden, after individuals of these two species

reach a size in excess of 18 inches in length.
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Effects on Wildlife

Waterfowl and aqﬁatic fur bearer habitat will be
completely removed from the Duncan dréinage. Migration habitat
will be removed for about 50,000 ducks, 5,000 geese, 1,000
swans and other waterfowl and wetland'species. At present.
little basis exists for an accurate estimate of beaver and
muskrat resources of the Duncan drainage; but about 1,000
beaver and 2,000 muskrat may be displaced;

Whitetail deer in the Duncan drainage will be
displaced; about 400 are involved. Mule deef, elk and caribou
will be reduced in numbers through loss of range, droﬁning
and the barrier effect of the reservoir. The extent of these
populations is not accurately known at this time, bui estab-
lishment of the reservoir will probably displace about 200
individualé of these gpeciés. Black bear will be reduéed in
numbers and the few.grizﬁiy'bear that periodically occupy
the reservoir area will probably be affected. There are pres-
ently about 25 blgck bear and-s grizzly bear in the area.
Mbose.evidently occupy'tribﬁtary vélleys but do not winter

in numbers in the mainstem Duncan valley; therefore the res-
ervoir will probably have little effect on this species, except
possibly during perlodlc severe winters which force moose to
lower elevations., Goat populations in the Duncan drainage

should not be affected by the reservoir,
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Forast habitat flooded will remove unknown pQpu-
lations of squirrei, marten, weasel, fisher and grouse.

Other wildlife species affécted by the loss of
Qetland habitat 1nclude bald eagle, osprey, coot, blue heron,
grebes, snipe, plover and many otherrsmall birds ‘and mammals.

Access to game populations in tributary valleys
of the Duncan system may be affected by the reservdir,-de-
pending on many unknown aspects of the préject development
such as land use and tenure of adjacent areas and construc-

tion of access roads.

SUMMARY

1., The stﬁdy described‘by this report was made to evaluate
changes in fish and wildlife popul#tions aﬁd recreation
attributed to installation and operation of Duncan Lake
dam.

2. The lakes, streams, and adjacent lands were studied for
their suitability as fish and wildlife habitats. Parti-
cﬁlar emphasis was placed on migratory spawning fish from
Kootenay Lake. |

3. The Upper Duncan drainage area was found to support a
relatively small and unimportant sport fishery. Of



considerable importance, however, are the spawning grounds
for Kootenay Lake rainbow trout, Dolly Varden char, and
kokanee in the Duncan-Lardeau sysfemo 'Resident‘fish.will
be affected by the dam through loss of spawning grounds
and loss of food. The Kootenay Lake fish (rainbow trout,
Dolly Varden char and kokanee salmon) which migrate into
the Duncan system will be affected by loss of Spawhing
grounds, loss of food, and a change iﬁ the ecology of the
North end of Kootenay Lake. |
The Duncan drainage area supports a large number of game
animals, waterfowl, and fur bearers which will bé lost as
a result of flooding of habitat. These animals are both
resident and migratory. They are at present only lightly
exploited due to lack of access to the area.

The present recréational use of the area is very limited
due to the relative inaccessability of the area, cold
water in Duncan Lake and lack of beaches on Duncan Lake.
The demand for the area as a recreational outlet after
the reservoir is filled couldlbe quite high because of
increased overall demand for such outlets, scenic value
of the dam and warm reservolr water.

The evaluation of the changes to fish, wildlife, and rec-

reation now presented cannot be considered complete.
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Examination of thé Duncan drainage area and its fish
and wildlife populations provided only the most elemen-
tary inventory of the fish and wildlife resources.
Specific rchmméndations concerﬁing losses of fish and
wildiife on the Duncan-Lardeau system carnot be made
until further studies are carried out. Research work
presently underway on Kootenay Lake,.independent of
this study and the kokanee enumeration study of 1964
(Bull, 1964) will bear heavily on final assessment of
the effscts of Duncan dam on fish populations. further
game species investigations will provide the basis for
assessing effects on terrestrial wildlife (including

fur bearers) and waterfowl populations.
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