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»

ings was undertaken from March 20 to October 14, 1972,

"eommercial species In addition, plke (Esox Zuctus

« | ABST@,%? \
{

4 * ’

| A pre-impoundment study of Kakisa Lake, N.W.T., and its surround+

[} ..

The lake was found to be shallow [mean depth 3.8 m (12.4 ft)]
warm [18 - 20°C (64 4 - 68°F) in summer], 1sothermal, near- eutrophic and
high in dissolved oxygen (near saturation year-round) . Shores’wefe

N

generally rocky and unproductive, but the- main, Silt bottomed part of the

lake had moderately high. standing crops of the large burrowing mayfly, e

Hexugenia limbata and the large tube-building chironomid Chironomus Sp.

. . s N “ .
Aquatic vegétation was found mainlyv in the shallows of the east and west’

. ends of the lake. Invertebrate densitv and diversity in vegetated areas

St :
was high. :} ‘ifh3 : T . : o

The lake contained 13 fish species of which alleye was;the\major

- '\x

, white stickers fCatas-

| tomas commersont) and lake whitefish (Coregonus c upeafbnwts) ‘were present

1n commercially exploitable quantities. The whitefish however, were so
»

heavily infested with the cysts of the cestode parasite, Irzaenophorus

crassus, as to render them unmarketable Dwarf lake ciscoes (Cbregonus

artedu) and trout-perch (PercOpsw omscomaycus) were the principal prey

A

snecies for walleye and pike. Standing crop of fish, as measured by

"standfrd gang; catches, was high (méan of 87 6 kg for 29 sets)

A small but highly valued sport fishery, featuring arctic grayling

B 6‘- et
(Thymallus arct%cus}“ was found downstream of Lady Evelyn FaLls./

Optimum wildlife habitats were found to the east and weqt of the

»

, lake in the vicgpity of slow, inflowing riVers. Habitat suitability for

»many important wildlife species deterioratedﬂwith distance frvé tne lake

.because of the widespread occu}rence of unproductive black spruce muskeg

‘

% . .
. . - vi . ‘ Ny
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in areas out of the influence of the lake and its associated streams. : .
- ' " ' . A

<« Flgeding and raised water table during the growing season should

kill most existing willow vegetation and should cause significant mortal-

3 - .

ify to aspen and white spruce along the lakeshore and riverbanks. Damage s
to tree species would directly reduce food supply and habitat of beavers

(Castor vanadensis), moose (Alces alces), snowshoe hares (Lepus americanus)

-

and red squirrels (Tamiasciurus hudsonicus) and indirectly reduce food

.‘ .
supply and habitat of other wildlife species.
Increased overwinter fluctuations could cause overwintet mortality
of beavers and muskrats (Ondatra zibethicus). Qigh'eérly summer levels »

¢

» . to
would flood many presently-used waterfowl nesting areas.
‘_Greafer winter drawdown could reduce spawning success of fall-
- 4. : IS ,
spawning fish species in some years, but is-unlikely to cause total

spawning failures in all years. . )
- . . .
- Higher water Ieyels and greater fluctuation could reduce areal

.‘4
-yx.

“‘extent and stem density of rooted aquatics, causing some production and

habitat losses, particularly for immature and forage fish. Flow—regulation

-

could .decrease planthn losses from the lake and thus increase plankton -
. . -
.production, partially offsetting production losses reldted to reduction '

-

in rooted aquatics. ' ' P
The downstream fishery appears vulnerable to construction damage. -

‘Reeoyery, affer‘completion of"the project,.seems bossible if caPeful flow
. ‘ ' el A : '
management is practicedi HoWever, reduced plankton losses from’ the lake

3
L]

may redice 1ong~ferm productivity downstream of the dam.

.

. —Z The l%{ge area of land utilized by the local people may lessen
the economic impact of wildlife and fisheries damage.\AHowever,*local -
peqple might still suffer considerable loss of enjoyment of their im=- .

mediate environment as a result of damage to wegetation and wildlife.
- . ¢ » *.
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INTRODUCTION b'sﬁ.m

V.

»

A field study of Kakisa Lake and environs (Fig 1) .was undértaken

“ from March 20 to October 14, 1972. The purpose ff the stindy was to assess

she c¢nvironmental impact of a proposed hydrorelectric development at Lady
5 ]

.

—

Evelyn Falls, some 5 mi (8.1 km) downstream of Kakisa l.Lake. The area is

_ . . ) o .
located in the Northwest '‘Territories at approximately latitude 60 longi-

tude 1170, some 60 air mi t96.6 km) west of the town of Hay River.

™~

Lake to

P

The.yroject would involve impoundment of Kakisa River from Kakisa

Lady Evelyn Falls, regulation of the flow of Kakisa River downstream

of the Falls and the raising of the average level of Kakisa Lake some 4 to

" N

6 ft (1.22 - 1.83 m) to obtain a dependable live storage of from 6 to 8 ft

.

(1.83 - 2.44 m).

The envirommental impact ﬁtudy concentrated on- the folloQing matters: -

1) Measurement of basic physical and chemical parameters of the
lake cosystem . - '
2) Description of major aquatic and terrestrial plant communities
3) Variations in diversity and abundance of bottom organisms
with changes in dgpth; location and habitat
4) Diversity and abundance of plankton
5) Location and timing of fish spawning runs
6) Feeding habits of major fish species
7) Use of lake area by waterfowl, furbearers, big game and en-
- dangered species ' ’
8) Patterns of land use by human inhabitants of the area. ’ “

Field work'concentrated on Kakisa Lake and its inlet streams, the

areas where probable impacts were difficult to predict without coﬁpre—

<

hensive physicéi, chemical and biological data. Creel census data on the

downstream environment was obtained from Fisheries Service, Department of

i .
'

‘the Environment. In addition, reconnaissance of Kakisa River was under-

taken by air and on foot. ’ '_ : ' ’ .

<

. N & o <
This thesis summarizes the findings of the field study and sub-

sequent analysis of collected data and material. AsAguch it is intenﬂed

to serve as an environmental impact statement for the project.
14 N .
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METHODS AND MATERIALS ~ -

1 ‘x" . N
Bottom sampgeé, vertical plankton hauls, dIESOlved oxygen samples
and temperature profilgs were taken at 30 lake stations and 6 river

stations (Fig 2).¢ Wate% chemistry samples were secured at Stations 1, 2,

3, 4, 6, 18, 21, 26, 2@,‘29 and 30 and in all of the infiowiﬁg rivers
-% .

R~ Ly
¢ b ‘

(Appendix 1).

°

Most sampliﬂg was carried out during four major periods: hefore

-

breakup (Mar 27 - May 7), late spring - early summer (June 11 - jUne 23);
mid—summer.(July 31 - Aug 11); fall (Sept 24 ~ Oct 7).

Bottom samples were 6btained with a 6 1n. x 6 in. (15.2 cm x*

Y

an -
15.2 cm) Tall Ekman dredge fitted w1th a screen to prevent escape of

organisms. The Ekman dredge sample was washed in an Ekman bucket with
a No. 20 mesh bottom. The residue was preeerved in the field in 98%
ethyl alcohol and the organisms were separated from the'reeeiﬁihg debris
in the lab under a dissecting microscope with maximum megnificgtion of
30x. Orgenisms were liﬁfr identified,‘counted aed weighed with excess’
sutface moisture removed.oh a Mettler Type H6 analytie balance.seneiti;e
to 0.0001 g. Molluscs were weighed jith shells intact. X\
Dipnets were used to collfct invertebrate: from rocky or weedg/
,bottome where an Ekman dredge was of little use.. A‘strip 5m (16:4 ft)
. long by 0 45 m (1.5 ft) wide was swept. for each dipnet sample. .
Plankton was . obtained in vertical hauls from the bottom to the
surface with a Wisconsin-type plankton net of No. 25 mesh. The Plankton

was washed from the straining cup with concentrated neutralized formalin.v

Excess"formalln was removed in the lab and the sample was vashed with

N



’

: / ' -
- distilled watér into a 50 ml graduated cylinder. The graduated cylinder

' ‘

was filled to the 40 ml‘level, stoppered and shaken vigorOusly. A sample
of 1.45 ml was immediately drawn at the 20,ml level af'phe graduated
cylinder withig calibrated pipette and counted on a Wildco plankton count- .
/ .
ing wheel. The total plankton sample was dried in an oven at 60°C (lAOOF)

- - ’
and the plankton residue weighed on a Mettler Type ly analytical balance

»
t

"sensitive to 8.0001 g.

- Dissolved oxygen [zs determined .by the azide modification of the
Winkler methoq '(American Public Health Association, 1971, pp 477-81).
¢ "Water samples were preserved in chldroform (5 m1/1) and analyzed

in the water laboratofy of the Department of Zoology, University of

¢ Ny

s

Alberta. ' S | .
Soundings were made along a series of transects with a Vexilar

"Sound Off" Sonar, accurate to approximately O.2 m. Positions on tH®

' Franéects were calcolated from élbpsed'times. : | .
‘Vegetation was mappéd using aeriat photography coupled with -

ground information®

Gill nets were set as shown in Fig 2, usually in the vicinity

of sﬁhpling stations. All nets used were 20 yd (18.3 m) 1ong§29d approxi-
, .8 ' . ' ) . * A}
mately 45 in (177 cm) deep. The combination of a1l 1/2 in (3.8 cm) and

- a4 in (10.2 cm) gillnet proved the mdst prggtigal. Other mesh sizes

{2 4n (5.1cm), 2 1/2 in (6.4 cm), 3 1/2 in (8.9 cm), 5 dn (12.7 cm)]
' “were used early in the study, but were later discontinued.

e

) ‘The‘9tqmacb~contents 9f'fI§bes were preservéd in 98% ethyl alcohol.’

Food organigms were counted, but were not weighed unless intact. Weightg

¢ ’

of intact sméil organisms were"estimqted from.volumetric disg}acement,

- . . ’
o
e

i
- .
- B
& e ®

e
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«+ and Ward and“Nhipple (1959). Aquatic plant idcntifgcationsnwere made »

’ Age—length-welight characteristics of major fish species were de-
o : . o
rived from raw data of a Fisheries Research Board study carried out on

»

M akisa Lake in August, 1968&.

S

-

Invertebrate organisms were identified by kevs in Penngk (1953) -

using Fasset (1957) and Ward and Whipple (1959). ; : >
: i

All field measurements were taken in metric units. However all, :

existing surveys done by others are in Engligh units. In addition, all .
) . L ' N . \. .
" engineering specifications forgythe project are in Foglish units. 1t has

2

_therefore been necessary to retain the use of Fnglish units for certa%n R

d%ta feferring to existing survevs and engineering specifications. Topics °

i . - . P b *
rdalated to elevations, land areas, and engineering specifications are

N o o . : . ~ . ‘ L] r . .
generaiiy discudsed in terms of the 'nglish system, with Eetrlc equiva-

lents given. HOWQVGE)_metriC‘unitS are used, and English equf%alenps

gidén, in cases involving lake soundings which were taken in metric units.
S

L

W
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GENERAL DESCRIPTION OF KAKISA ECQSYSTEM

i
¢y

Topography and Geomo;phglqu\

. Land

Kakisa Lake (Fig 1) lies on a plateau between two escarpments,
. [

running parallel to the south shore of Great Slave Lake, in a region of

-

Paleozoic limestones. The long axis of the lake is oriented in a west’

northwest - east southeast direction. For convenience the long shores’

o

of the lake will be referred to as the north and south shongs, while

the shores at the two ends of the lake will be called the eastern and

: p . ] ¢
western shores. : o, :

-

The north shore rises moderately to an approximate elevation of

734 ft (223.7 m) above Mean Sea Level and becomes flat. The south shore

S

rises steeply away from the lake towards a high escarpment.
The east shore rises moderately to an aporoximate elevation of
728 ft (221.9 m) and slopes upwa{d'gredually thereafter. The western

shore receives three small streams and is extremely low in relief and
) * o
_marshy above elevation 726 ft (221.3 m). Parte of the low-lying land in

. this area consist of floating sedge peat, especially to the south of

7 -
> River 2. North of this stream, the terrain is firmer and at.a sllghtly

-3

higher elevation.
Patterned ground is‘clearly vieiblevon aerial photography .of the

study area within a half mile of the western shore ‘and wdthin a mile of

R
s+ the eastern shore. This coul& be an indication of permafrost conditions
' in these areas. . t o e . . &

, .
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Rivérs

One major and six minor streams flow into Kakisa Lake (Fig 1).
There is only one out flow stredm. Salient features of the streams are

¢ . . .
summarized in Table 1. The Kakisa River, flowing from Tathlina Lake and

draining an extensive watershed, is by far *the major {nflow tneo Kakish

Lake. The only other stream contributing a substantial inflow is the

-

ongﬁloéally%known as Muskeg River,lwhiéh is some 30 mi (QQ.B km) in length,
Th?;othér minor streans have small watersheds, which are unlikely to
exgggd 10 mi2 (25.9 kmz). For purposes of this thesi;, the minor riverg
have been g;ven nanes, as inﬂ€£:ted on Fig 1. 1In a@dition, the Kakisa.‘
River upstream of the Lake will benceforth be referred to by ;he local
ﬁame\of Tathlina River to avoid confusion with the Kakisa River downstream
of the Lake. [ﬁ o o v
: Tathlina River, a very turbid river, runs a precipitous course
from Tathlina Lake to Kakisa Lake. It has formed a ﬁulti-éhahnelle&
delta where {t flows %th Kakisa Lake. High-turﬁiditiesykound in Kaﬁisa
Lake seem to be 1arg§1y_caused'by reéuspension of.éiltlenteringiﬁhe lak
from Tathlina River.
| | All other inlet stpeéms are usually siow-flowipg and low iﬁ‘

SUSpeﬁded silt. “Howevef, spring flows in Mﬁskeg Bi;er can be congiderable.

o

A small delta area at the river mouth. is thﬂencé of considerable sentmem:
8 . <
transport over time. !

,'MuSkeijivet and Little River have sufficient flow to ﬁaintain

‘1 cleaﬂ“graﬁéls'iﬁftﬁé channel. In zones of élower,flow, these streéms

have heavy accumulations of silt, plant debris and aquatic vegetation.
. 4 o o ’

In late summer these streame are overgrown with rooted aquatics,- which, O

encroach upon the chamnel. |~ =~ L » e
. : . ‘. . ‘v‘)
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»
Rivers 1, 2 and 3 are slow-tlowing, with soft bottoms of silt
- and plant debris. Crowth of rooted aquatics is extremely heavy.

Campsite Creek possesses well-washed gravels. Summer flow was

»

very low in 1972.

Kakiéa Rive}, near ghe lake,"is:similaz in nature, to Muskeg River,

‘with.flean gravels(in the cha&ﬁel and;silt;er material in the Sla;kwéter
areas. Aquatic vegetati;n nearAthe lake is extremely deﬁse. Downstream
of the first gend inithe river, ‘the gradiént of the river increases, and
the>river becémes fasg-flqwing with ;;roek~and.gravel bottom free -of
rooted aquatiéé.‘JThé‘depth{'qidﬁh and substrate of Kakisd RiQer are

“ similg; to these of'Tathlin? R{;er.‘ However, Kakisa River is less tﬁrbig

» '3 4

than fathlina River.

e -

X Lake Basin

Al
.

The basin morphology of Kakisa Lake is simple (Fig 2). Dominant
{ ’ S ) ’
features age_mo@erately-sloping, rocky, littoral zones along the north

A . .
. . . ) . .

and south shores and gradually-sloping litbbrgl zones along the east and
west shores. Shallow areas predominate 6ver>deeper areaé (Table 2).

‘ The 3 - A‘m (9.8 - 13.2 ft) depth zone has by far the lafges; areal
exient, coﬁptising 34.1% of the total area oé the lake. Average depth
of the lake on Aug 15, 1972 was 3.8 m (12.35 £t).

The shoreline pf the lake is veryﬂregq;eg; an§ the lake is
oqignted in the direction of prevailing win&é. These factors,.iﬁ cqp—
h _ :

junction with the absence‘of wind protection on:three sides, give rise
.- . & . , . . . ‘ . .
to'rough wave conditions at most times. -

Because of heavy wave action and possibly because of ice actioh,

all. shores, except the protected west shore, cohsist_of wave-washed

»



”vegetation‘occurs in the

boulders, gravel, or sa down to depths r hging from 1.9m (6.2 ft) to
3.9 m £32.8 £t) belou the™1972 fall water' levels of 725 ft (221.0 m)
above M.S.L. (Fig 2). The only shallow-water area without ‘a hard bottom

1s the shallgw bay in the west end of the lake which poséesses a bottom
F

’

of organic woody debris.
In most, pargs’of the lake there is a rather abrupt change to a

silty bottom. Beyond 4 m (13.1 ft) there is virtuélly no coarse granular

3

material in the sedirients.
By 1nterpolattng"fiom the mephometrlc data of Tab{ggﬂ and by

allowlng for the 6 m12 (15.5 ki) of debris bottom in the west end of the

FS

lake, Uhe area of the rocky, sandy or gravelly littoral zone can be

.

.estimated at roughly 15% oflfhe total measured lake area of 128_m{2(§32

kmz). a i '
i‘ -
Vegetation _ .
_ )
N ¢ -
" General L S : T

Y

‘{J’fn § . ' : 'ﬁ""»,)b )

Fig 2 shows. the location of major. vegetation COmmu&&es itﬁ tbe t .

. Y
Kakisa_ :area and’ Table 3 llsts 1mportant gpecies. !f? w?.‘??,ull_k
4 “ta o & Y
. . c B R TR
A Fagp - . ’ . . . ;g,bo :
Aquatic Vegetation . )| T Ja
' . .t o - s °

§

) SN . : . e al
-Distribution, aandance-andlareal extent of rooted aquatic¥vege-

tation in both lake and niver situations aré.summafiéed in Table 4. The

re estimated from ébéefﬁations f:om a boat.o

>

outer edges of weedbeds

In the lake prop r, aquatic vegetation 1s largaly confined to the"

'shallow eastern an weste’n ends of the lake (Fig 2) "Heaviea;,aquatic

[ -

utlet_regionfof'the lake. - There afe‘spatse

- . a' T N ”»
pockets of aquatic vegetatiion along the northern shore. The southern
. . . ‘ i -
’ K] [
ﬁa )
~ . &

3



shore is almost devoid of rooted aquatics. Aquatic vegetation occurs

»

principally between the depths of 1 and 3 m, (3.3 and 9.8 ft), with opti-

mum depth at approximately 2 m (6.6 ft). )t is eparse below 3 m (9.8 ft)
and non—existent-below 4 m (13:1 ft). The chief factors limiting rooted

. , i
_aquatic vegetation appear to be wave action, rocky substrate and high

turbiditi (which restricts light penetration).

* the summer of 1972 the species Pbtamogeton richardsonii

was the d minant macrophyte in the lake, constitutipg 907 or more.nf_;he -—

| biodnss'of rooted aquatics. Potamogeton pecttnatus commonly occurred -
1ntersp'ersed with P. richardsonii an:q often dominated at the outer frinées ' A
,of -’wee-dbeds: On sandy shores exno'sed t6 heaty .wave action Potamogeton - T
' //2// | gramineué eominated ‘but weg-sparse. Yo : s
< . . . , 8

‘ """ The mfhor inflowing rivers (Hnskeg R ‘Little R, Rivers 1, 2, 3
vpossess dense and diverse vegetaﬁ[on (Table 3) Dominant species are
Nuphar variegatum (water 1ily), Mymophylum e:calbescens (water mil—

E fvil) and Ceratophylum damersum,(coontail) The latter two species form -

a virtually cont;nuoua cover. over the/stream beds of Rivers 1, 2, and 3 .

by'late summer. in Muskeg and Little Rivers, plant cover is not' con-

cinuous, and the gravel bottoms of,their channels have axsomewhat spagger

-, . .
3 N .
7. .

. vegetation. =~ . . - ) e ECEE
. S i RS o -
o ] ‘. T = TV e -

- Emergent Végetationn

The genera: Sc'z.rpue (bulrushes) E'qmsetwn (horsetails) and Carex

.

(sedges) odqupy progressively shallower sites around the 1ake.~ )

The only large area of Sazrpus occurs along the shqre of the

A N

‘ : .
J T

ghallow west end of the lake. The/only other oécurseases Qﬁ Sazrpus

are in very -small semi—protected areas aloug the north shore.

a
. P
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@uisefjis common along the eastern shore from the outlet
region (Kakisaﬁgiver) to the Muskeg River. A small amount occurs along -
the lower Musé;g Rlver and larger stands.occur along Little River. 1In ”
the west ene of the lake, moderately large areas of Equisetwn occur in -
the shalloweﬁfwater just inside-the belt of Scirpus. Equtsetum is also
common alo$é~the'banks'of Rivers 1, é‘and 3. -

MR qg%ex ie common?along the ghores of Rivers 1, 2 and 3 and in the
large wefrkeadows between these rivers. 'lt is rather 1solated in“occur—

rence in other areas of the lake,fccurring in small,clumps in association

with chrpus-or Equisetum in slightly protected areas of the north shore,

“and 1qlemall bands alohg the eastern rivers. -

ey

by

?gradualoéfansition to black spruce muskeg,

Lakeshgre - Terrestrial Vegetation )
v
i 5 . .

yThere are four major zones of terrestrial v getation around the
b \

shores qf Kakisa\(Fig 2). * In the east end of the lake, where topography

R -
is flat, there is a-diverse’ vegetational communlty hich inclqdes willow
N

(Salix spp), alder (Alnus spp), aspen (Pbpulus tremuZozdeeJ black spruce
(Ptcea marzana) vhite sptuce (Ptcea gZauca) and jackpine (Pznue bankszana)
The high diversity of vegetat1on in this area is 1ike1y due to variable’

drainage conQitions which give localized advantages to one speciee over

another.b Wiﬁh 1ncreasing distagce from lake and streams there is.a

1ich dominates the 1arger .

Along the south shore of the lake, where the- ‘land’ slopes up ’

b ) . &
geographical area.

'
! A . o 1.—"

- steeply, mbstly sparse shrub vegetation grows within the sphere of in-

fluence ofcreised water levels.
1,{5

RS
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.. Y - ~ -
' Along the north sliore of the lake there is a narrow strip, on¥y

AN

-one ¢£ two trees de«p, of mature asper Backéd by a slightly wider strip,

200 to 500 ft deep, of mature white spruce. Roots of the first mature

‘aspen 'trees were at ‘an elevation (1able 5) of 729 5 - 730 ft (222. 3§‘?

222.50 m). White spruce starts at an elevation one or two feet higher
- : ) ’ . - * . [ _
than does aspen. Behind the veneer of tall aspen and white spruce lay

1

T _ miles of rather stunted black spruce muskeg. x ‘

|

The western shore of the lake is very low in relief, and much of

. the region south of River 2uconsist$ of flnating‘sedge bogs. There is
! fairly.subgtantial growth of willow/nGér'nuéh nf the ;rea. In somé of

the diier spot; there ig good growth’of‘aspen, and on some riéges,'even ’
"whitg:spruce. ' The sédgefwiliow_areé gradually gives way to black spruce

s -
muskeg toward the west. /

1

. ! N o’
Riparian -"Terrestrial Vegetation

L 4

Pt River bank areas enjoy the dual benefits'of better drainage® during

>
-

“fthe growing'SQason and\ﬁutrient deposition during spring floods'(in the,
case of reaches possessing fl2ood plains). Thus,® even din poqgéy drained / S
r v ieéions, river banks are normally more hQSpitanle énvirgnmenté than the

e - - ‘ /

- FEEY S T o - : [o v
. areas they drain. )

v
L3 . - B

.3
e In the Kakida area, banks oflall the minor inlet streams support -

'ngood grthhs of aspenignd willow (F1g12). The’banks qf Muskeg River are

o

generally too;high?tOvsupport willow, andkaspén'ia'tne principal river-
: 4 C. " -
A : . S S S .
"bank community for the first few miles, Willow is fdund only on the low
‘ground on the inside of‘meanders. About 6 miles'(15.5ukn0 upstream white

T . spruce becomes the dominant riverbank spacies, Little /River llh!th Jlower

- B

banks than Muskeg River has a 1arger component of willow riverbank vegeta—

- , : ’
: L e . o e
A Ll .« . . t-

.-

v
M
A
+
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tion. The low banks of River 1 and the lower reaches of~River 2‘and 3
are dominated by Qillow. . Lo e

The highly incis anks of Tathljina and Kakisa R%vers support

good growths of aspen an white"epruce{ With the/exéeptioh of the 5 miles

(12 9 k) between Kakisa Lake and Lady Evelyn Falls, most of this vegeta-

3
tion would be unaffected‘by raised water levels.
)

Good stands of asgﬂn and, occasionally, bifch occur around rive; '

mouths and on deltaic 1slands. \Sprlng floods may be responsible for

-
i

main;aining early successionallvegetation in these areas.

‘,“n ' The riverbank vegetation of R1ver 1, the lower reaches of Rivers

'1 A

_ hypothesis

196§ Records for Hay River,;N.w.T.). . o N

PPN

2T£hd 3 and Little R1Ver also appears to have been maintained in early*.

I3

- successional vegetation by high spring water levels., Soil conditions

.

may also have played an imporfanf role..'The immature aspen vegetation

-~

of Mdsk%g River, however, appears to-be a seral stage on the‘waf/to a,. -

4 , , . . : .
mixedngd (whiteuspruce and trembling aspen) climax. Extensive occurr

rence of charred 12 inch white spruce logs" along the banks bear out thig:

[

’ 5 . e

" Physical and Chemicai

/ e ) . - B ,fi‘,‘.. 1
clinste @ | ' N
; mate S o : oo he ' L

°

The climate of the general area is characterized by cpld longw
-9

;‘ winters, brief, hof summers and rapid periods of transition from winter

“to summer. derage yearly ptecipitation (30 yr average) is 12 59 in.

(31 99 cm), of which 7 26 in.(18 44 cm) fell as rain and 5 33 in. (13 54

&
cm) fell as snow (Canada Dept. of Transport, Meteorological Branch,

“
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‘gérinngréakuQ

The small inlet streams became ice-free by the second week in

May, 1972. The influx of water from streams appeared to facilitate break-
up of the.i%e sheet on the lake. The ice sheet broke up as follows:
’ ' [

, \i'ﬁA small channel opened up along the shore between Muskeg

oo

River eod Kakisa River.
2) as breakup progressed a“channel opened up a{ong the eastern

shore from Tathldina River to delba River.

3) Ip% floés broke off rapidly oncc a channel was established,

v N

and breakup of "the ice. sheet, east ‘of the line between Tathllna Rlver

the Kakisa'River appeared to be instrumental in the acceleration of break- -

- y . " ‘ .
AN o
€ ~,
Water Temperatures : s p X Lo

" The, lake ‘was essentially 1sothermal durlng the ice—free period (Fig 4)

n

and kaklsa RlVLr tOOk‘pldce fapldlx Much of this ice flowed down

Rakisa River. “
" '... ¢ N :
4) The remaining ice sheet to the west broke up rapidly and
much of it melted in situ.
In the first three stages of breakup, movement of ice floes down

’

“p. .— P .: - [}

T - ._ ‘. £

yWater\EEmperatuxes in Kakisa Lake ciqsely approx1mated average -’

air temperatures with very little lag effect (Flg 3). Although hreakup
'\

of the lake did not occur until early ﬂune, lake temperatures reached

¢ (("e

summer values [18 - 21 C (64, 4-- 70°F)] w1thin two weeks of breakup.

z

» Temperatures of the minor inlet stredms feached as high as 25°C
i 4
‘,1\

(77° F) during the long summer dgysf Ih@f utlit»stream tended to be more

v.'- -
N

ing influence of the lake.

b Ua
;. :A( o

“« -

z.



-

ake temperatures plunged from summer levels to 4°C (39.2°F),
the temperature of water at maximum density, in the first two weeks of
September. It is theoretically possible for.ice‘sheets to form after
the water mass reaches 5 uniform 4°C, givan calm qi;\conditions at
temberatures below freezing. Actual freezeup OC£urer:06t6beT~Ll.
Winter water temperaeure ;rofiles (May 7, 1972) were in the
form of simple temperature gradieﬁts from 0°C (32°F) just under the ice
\

to about 4°C at the bottom (Fig 5). There was no evide‘ce of any large

water mass at 4°C. T

Al

.anaerobic, with high H

Dissolved éxygen - ..g?'

Dissolved oxygen levels were near saturation throughout the year,

\

including winter (Figs 6 & 7). It appears that wave action and photo-

.

synthesis kept oxygen levels high all summer. Winter oxygen demands, in

the lake prOper,VWere very low. A p0351ble explanatlon is that hlgh

e

T
summer temperatures‘and constant agitation of organic sediments during
. §

the ice-free ber1oq promoted repid decomposition, reducing the winter
ox?gen demand.re;e;red for bacterial decomposition.

Oxygen levels inxebnee ef~6rgeni; accumulation, such as Muskeg
Rivef, Little River, Rivers 1, Z‘aﬁa 3 ;nd the bay in the west end of

the lake, made heavy winﬁer_oxygbﬁ demands. Conditions ;n’Muskeg River,
: o . Ea\ R : ' .
Little River and the west end of the lake were found to be winter
. : . o : J
2S levels (3 - 5 ppm).- However, pre-breakup (April

20) oxyéen conéenttation in T4thlina River was 8.6 ppm (61% saturationm).

Foq'a-moreytho}ough tr atment of dissolved oxygen - temperature

relationships of Kakisa Lake, the reader 1s referred to a paper (Fuller
and Lamoureux, 1972) presented at the Western Canada takes Symposium
. . , :

(Appendix II). _ L. . e

s
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? /’ } {4 f’*fq.
‘b w:( &m.s bchet.,n 8.6 and 8.8 throughout the

*i'iv wa -
?~; ﬁ g;eLgigL COmparaeor, used to measure pll was
;"" S

stuay.

too low to dlatlnguﬂsb #ﬁnor pH. Tanges (less than 0.2).

¥
The pH values of the inlet rivers were essentially identical to
those of the lake within the limits of accuracy of the method. Values
Wftween 8.6 and 8.8 were recorded in all but one knstance in early

September, when a value of b.0 was recorded in River 2. P

4
The constant plil of the Kakisa system appecars to be the ILSUlt of

~the high total alkalinity of the waters', which~keeps them well~buffered.

' . \ 0 .
‘The high total -alkalinity, in turn, is cerived from the solution of car-
bonates from ligestone formations of the Kakisa wateushed.

(&

L8

Turbidity . ; 2

Turbidity levels in Kakisa Lake were moderately high, and became
higher as the scason progressed. This can be seen from the decreasing

Secchi disk readingéﬂ (Table 6). Average readings were 2.3 m (7.5 ft) in
. @ o

early.Juﬁe, 1.6 m (5.2 ft) in ea?li August-, -and 0.9 m (3.0 ft) in September

and October. Rawson (1957) noted .a similar decrease in Secchi disk read-
M . > * .

ings in five lakes of the Upper Churchill Prainage, where Secchi disk
reidings declined steadily from a June maximum of 2.5 --3 m (8.2 - 9.8 ft).

He attributed the decrease in transparency to high phytoplankton populations.

.
»

In Kakisa Lake, plankton is pfpbably an important consideration

in decreasing transparency. However, it'is felt that other factors,

|

[

such as increased winds in late<i§mmer and early fall, and lower water o

8
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levels, exposing larger areas o1 the lake's silt bottom to wave action,
may also be imporrant fa Lors causing increased turbidity, from inorganic

S A -
as well as organic sourceu. High concentrations of suspendéd silt were
visually apparent in August, September and October, and noticably con-

S :
taminated plankton samples Jduring this period.

Rawson (1960b) used transparency as a guide to the eutraphic ﬁature

of a lake. He cited the fact that the five eutrophic upper Churchill
lakes south of the Precambrign Shield had aQeragé Secchi disk readings
;anging from 1.9 —‘3.1 m (6.2 - 10!2 ft), whereas Athabasca and Cree
Lakes:on thé_Shield had average readiﬂéz of 5.6 and 7.8 m (18.4 and 25.6
ft) respectively. He attributed these differences in transparency to
&ifferanées between the two lake types\in sfanding crop of plankton.
.’Kékisa Lake,,witb average summer Secchi disk readings of approxi-
mately 2.0 m (6.6 ft) would definitely fall into Rawson's eutrophic
category with respéct to transparency. wangr, the value ;f using trans-
parency as an index of productivity in Kakisa Lake is questionable in
view of the large contribution of suspended silt to overall turbidity.
Turbidity in all streams, except Tathlina River was quite low
(Table 7) as iﬁdicated by Secchi disk.readings to the bottom in all but
five of the measu%emenis. Secchi disk measurements taken in deep parts

-
. ‘ \ .
of Muskeg and\Little Rivers‘ind%cated,lqwer average summer turbidity

o) -
than in the lake. Secchi disk readings taken on the Tathlina River in-
dicated near opacity to light. There was no measufable amelioration of
thishcondition as spring stage declined. Somewhat variabie turbidities

in Kakisa River suggest that lake storms largely influenced turbidity

levelé in this outflow stféam., . &

-
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;
f .
The major source of new fine{grained material appears to be
Tathlina River which carries a large silt load into the lake.

Shorelines are generally eroded down to coarse rubble. Since:-

stable vegetation communities are established around the lake, it appears

. ‘- E . .
unlikely that much new shoreline erosion has been. taking place in recent

times.

It is felt that a majotr source of turbidity in the lake is re-

- suspension of fine-grained material deposited in lake shallows. It is
. “Q

likely that silt deﬁosited in the mouth of Tathlina River is spread over
most of the, eastern end of the lake during storms. Settled sediment in

the east end of the lake may be resuspended countless times and ultimately

distributed over much of the lake bottom., Much of the suspended material

\

A\

may eventually find its way out of the lake system durimg and after

storms: It is certain that storms cause gonsiderable resuspension of
sediments from the shallow lake basin,.appreciable quantities of which

are carried downstream, reducing the rate of sedimentation in the lake.

Color

Kakisa Lake and all of the minor inlet streams were moderately

.

high in color (Table 8). This was likely the result of coloidally dis-

solved humate (Oden,hl922) from the surrounding poor1§ drained areas.

¢ 3

Some of the lake coléx may be attributable to iron 6x}des froﬁ surrdunding
. . . ’ /

-

rock formations and to bog iron from surrounding poorly draingd areas.
o - )

Exposed limestone cliffs on the south shore had a characteristic reddish-

brown color from oxidation of iron in the roék; indicating measurable .

iron content in Ehe parent geological mdterial of the area. .
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Tathlina River is much lower in color than all other inlet rivers,
probably because it receives ljttle direct drainage from muskegs and

marshes.

Water Chemistry

(¢l

The striking similarities between the water chemistry of Kakisa )

Lake and that of Tathlina River (Table 8) suggest that major chemical

-~

properties. such as total alkaliAity, Ca hardness, total hardness, conduc-
tance and sulphate are largely controlled by edaphic caaracteristics of
the watershed. Properties spch as concentrations of phosphates, nitrates,
silicates and iron, on the other hand, are strongly influenced by local
biologtcal features of the lake and its surroundings.

The major external source of phésphates for Kakisa Lake is

Tathlina River thch can carry a heavy orthophosphate load (0.75 mg/l on
June 14, Table'S). Hynes (1970, p 44)- stated that the maJorlty of phos-

phate carried by‘rivers is adsorved to partlculate matter. It is there-
N . (‘ )
fore likely that Tathlina River carries large quantities of phosphorus

¢ .

into Kakisa Lake in its suspended silt and bed load.

A Iemarkabiy large concentration (5.20 mg/l, Appendix I) occurred
under winter anaerobic conditions in the shallow western bay of the lake.
. < .

Einsele (1936) found the same phenqmégén occurring in the hypolimnion of

-

’

eutrophic 1akes_with alternate periods of circulation and stagnation.
Under the~reducing-conditions of stagnation, ferrous iron and phosphate

occurred together. Undér the aerobic and alkaline conditioné of-circula-

tion, phosphate was almost entirely precipitated out czainsoluble ferric

aphosphate. Since winter anaerobic conditions in the ‘westerfl bay of V
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Kakisa Lake reprodoce the conditions of stagnation in the hypolimnion

of a eutrophic’lake, it is'reasonsble to expect similar processes.
Although impressive amounts of phosphate are produced under ice

cover in the western bay of the leke, rapid re-oxygenation of the water

»

likely causes precipitation of much insoluble ferric phosphate prior to

utilization by plankton or macrOppytes. Thus the phosphate contribution
of the weést end of the lake to the total lake system may.be somewhat less
than the high win;er phosphate condition might seem to indioate.

Orthophosphate cpncentrations at\osher lake -stations sampled
through the ice ranged from less than O. 05 mg/l (the 1imit of detection
of the analysis technique used) to O. 15 mg/l (Table 8; Appendix I).

¢

In summer, most lake statioms, including those in the western bay,
; !

had phosphate concentrations less than 0.05 mg/l. Only Station 18 (0.10 N
mg/1 on June 20 and 0.70 mg/l on Aug 2) had orthophosphate concentrations

.

greater tham 0.05 (Appendix I). ‘ : ,';

.The large phosphate input from Tathlina River end the exceptional
phosphape productioﬁ in the wester undef apaerobie cond%tions_suggest
.‘that the sediménts are richly supp ied with pLosphorusfyvCoocé%téations
of orthophosphate exceeding 0.65 mg/l suggest at least intermittently
high availability of mineral phosphate during the growing season. :

- Analysis of a timed series of water samples, by very sensitive
techniques of°phosphorus detectlon, could shed more 1ight on the dynamics

of phosphorus in Kakisa Lake. Simulta eous sediment analysis might also

prove fruitfﬁ& Sampling times should be spaced closely during the ice- : .j)?

free period When changes occur most rapidly and somewhat farther apart

during the 1ced—qver ‘period. <
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Nitrate levels in Kakisa Lake (Table 8) were quite stable in
winter (avg 0.06 mg/l; range 0.05 4-0.07 mg/l: Table 8) ond in summer
{avg 0.03‘mg/i; range 0.02 - 0.06 mg/l).’ Summer depletion did not occur,
suggesting that nitrates are not limiting growth of phytoplankton and
rooted aquafics and that major.phytoplankton population fluctuations are
not occurfing. H

Sulfate'levele’(summer avg 37 mg/l) were nigh in Kakisa Lake.
This ion is of éreat biological imporganee in areas of organic accumula-
tion in ‘the ehallows of the,lnke; where.iarge quantities of lethal
hydrogen euifide.are produced (3 - 5 ppm). In the western baf of the

lake, anaerobic processes were so intense that the sulfate concentration

"

of the water was reduced 907 from the summer level of approxiﬁétely 40 mg)
to a late spring level of 4 mg/l by anaerobic sulfur bacteria. t

Other significant aspects of water chemistry were high silica

and irem concentrations. Silica concentration always exceeded the require-

J

s ments of diatoms, even under bloom conditions. FEinsele and Vetter (1938)

have shown that a silica concentration of 1.8 ppm in Schleinsee was not,
deplefed by a diatom bloom of 8001000 u3/m1- Concentrations of iron

greatly exceeded p0551b1e unbound levels and suggest complex1ng of iron
w1th c01101dally-dissolved humate as descrlbed by Oden (1922). Character-

istic iron color’was found in small nodules of silt, which form gnathe

,silt-bottomed areas of the lake, suggesting involvement of iron in the

-

A

formation of these silt aggregations.  Such concretions were also found
/ .
by Raﬁ%oh (1957) in Big and Little Peter Pond Lakes in Saskatchéhan,

. +

where iron concentration was considered high at 0.06 ppm.>JIn;KakisabLake'

lthe minimum concentra;ion of iron f0und_dur ng the summer was-O 06 mgll

‘'

and the maximum concentration found was® 4 24, about’70. times higher than

’/;he level considered to be high by Rawson.

‘ -

-

s
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There are no strong indications that nutrients limit productivity

&

in Kakisa Lake, leading one to the tentative conclusion that physical

factors may have a stronger influence on productivity.than do nutrients.

In general the water chemistry of Kakisa Lake is quite similar

to that of the eutrophic lakes of the Churchill drainage in the sedimen-

(

tary region of Saskatchewan. These lakes,which 1nc1ude Churchlll Big ~

"and Little Peter Pond, lle a la Crosse, Waskesiu, Otter, Mountain,

Nistowiak and Drinﬁing Lakes, were described extensively by Rawson (1957,

1960a, 1960b). The main differences in chemi cal %ngerties between the

o

preceding series of Saskatéhewan lakes and Kakisa Lake would be the

significantly higher iron and sulphate lévels found in Kakisa Lake;

Color was slgnlflcantly higher only in localized areas of the lake and

was not higher for the lake as a whole.

General

the rivers cah be.ciassified as: ’! . -

- &

Bottam Organisms

For purposes of comparison of bottom organisms, the lake can be

» divided‘into three broad zones:

"1) Rocky, gravelly or sandy littoral areas devoid of vegetation

\ 2) ¥egetated littoral areas

3) Silt-bottomed sublittoral area comprising the entire remain-
ing part of the lake.

Since Kakisa Lake is shallow and lacks thermal stratification, it

" has no true profundal zone.

-

For purposes of“pomparisoﬁ of bottom organisms of the rivers,

~

%
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1) Slow-flowing, with soft bottem and luxuriant growth of
rooted aquatic plants .

2) Fast-flowing, with rocky or gravelly bottom and few rooted
aquatics. , -

Bottom Organismé of Rockyl¥Gravelly and‘Sandy Areas

We were unable to get. quant\itatlve dredge” s\mple&rom rocky

gravelly and sandy substrate, but nqn-quantitat1ve dip\qetting turned up

S

small numbers of leeches (Hirudinea*: ¢addisfly larvae (Trichoptera) and

small mayfly larvae (Ephemeroptefa).\ It appears that biologicak produc-

S

tivity along these shores was low beclause of unfavorable substrate n—

e

ditions, which limit burrowing actlviFy, and because of wave exposure,

" which limits use of the area to speci specificall adapted ta. heavy
)fs y

wave action. ///

°

'Bottom Organisms of Vegetated Littoral Areas -
?

2

These areas occur mainly in the shallow, gently-sloping east end
of the lake and in the shallow, protected bay in the west end of the lake.
In the east end, the substrate is sandy or rocky. Theqefore, it is im-

’

possible to get quantitaFive Ekman dredge samples in most logations.- In
ttie sgallow bay in the west end:)the botéoﬁ cou;ists cbiefly of woody
organic debris. Neither the rocky or'wood§ debr}s bottom; has a large -
biomass of orgénisms per uﬁit area. The major biomass of o?ganisms
appears to be directly associéied with the végetation. .

The 1mp§r£ance of "aquatic vegetation éaﬁ'be seen in Taﬁle 9 which
lists the weiéh; énd numpéxs of organisms fécovered'in a éingle 5w (16.4

—.ff) pass of a dipnet with a hoop width of 0.45 m (1.48 ft) through a

heavily vegetated area-neaf shore. This method of collection is extremely

a . . 8



dredge in the silt-bottomed sublittoral. a !
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inefficient and net;konly a ?ery small.percentage of the organisms present.
Yet 2.21 g/m2 of .organisms were captured as compéred to ah average of

5.48 g/m2 of érganisms taken by -Ekman dredge at standard sampling stationé
at the. same time of year (Table 11). ‘It is inikely that dipnetting is
even 5% efficient in capturing the organisms presgnt,’yet’weight per unit

area taken by dipnet is fully 40% of weight per-unit area taken by Ekman
‘ \

€

!

©

Not only is standing crop signiffcantly'higher in the veéetated

littoral, but diversity is also nwuch highér. For example, analysis of

"a single dipnet sample from the vegeétated littoral yielded a minimum of

17 species of mayflies, whereas a whole season of sampling the'sublittoral

- 4 .

turned up only two species of mayflies, one of which was limited in

occurence.

Tablé 9 also illustrates that‘mayflies must play a key role in

the food chains of the vVegetatgd littoral, since they dominate the fauna
N . ’ . . i . _’\
both numerically and in biomass. The large caddisflies of the vegetated

littoral, though much less common in occurence than mayflies, also con- '

tribute significantly to the total biomass bf organisms.

“Bpstom Orgapisms of Silt-bottomed Sublittoral Aréas
N ——" ' ) . ’

.
*

Silt-bottomed "sublittbrgl areas constitute rbughly 80% of the

lake Bottqm. Tabie 10 lists the bottom fauna encountered., Numbers of

- e B s I/
organisms in each major group are shown in Table 11, whereas relative-

weight contribution of each of these groups is shown in Table 1Z.

' Generally speaking,~Hexagenia mayflies make‘a large biomass contribution

~ relative to their population size. Tt can also be seen that the combiﬁa—

tion of mayflies and chifonomids accounts for 48.6 to 76.2% of the total
e , ‘ e L
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-

)

weight of fauna. Since the weights given f;;>snails and clams are weights
"with shells intact, the proportions of total biomass contributed by’may—
flies and chironomids are .therefore considerably hf%her than even the pre-

cedlng figures 1nd1cate.

The bottom fauna of Kakisa Lake (Table 11) most closely resembles

5
that of Otter Lake in Saskatchewan (Rawson 1970a). ‘Rawson noted that
. . '

' Hexagentia mayfly larvae were extremely important in the food chains o%‘

the lakes in the Stanley, Saskatchewan area. He stated that they provide
4 .

a very important part of the foodloﬁ whitefish, pickerel, pike and perch.

In the 1g#kes of the Stanley-area, average summer(ﬁumbers_of“

<
) Hexagenza rang d from 64 per m2 in'Ottef Lake to 34 j Drinking Lake.
Kakisa | vrly summer populatlon of Z8Aper m2 and a m1d
summer 1142 per m2 apnearS'to have a significantly higher -
~
populati ,fakes near Stanley.’ Therefore, Hex&génia should
pla? ax'le lnortant a role in Kakisa as in the Stanley lakes.
In¥ _anley Lakes, the large chironomid éh?ionoﬁéﬁ plumesh§
j;ominates t: ironomid fanna: 'Althoué;;ldentification cgnnor be pqsi-k
tively conf ., because emerging adults were not collected, it appears

the‘basis‘ofﬁthe range of this organism in the lakes studied by'Rawson.

© o ‘
f

. The main difference between the fauna ef Kakisa and the Stanley
Lakes is. that a high sna£é$population was present in K kisa whereas
"snails afe gﬁsen;qfrom the Stanley Lakes fauna. In addition, the abundanee
of Amphlpods (Hyelella and Pontoporeia) is thh greater_in the Stanle&,
Lakes than 1n Kak@sa. Flnally, the population of sphaeriid clan in Kakisa

Qéas roughly day ‘the populatiqn iﬁ the Stanley Lakes. Differences in .

faunal propof: "tween ‘Kakisa Lake and the Stanley Lakes are likely’fﬁe .

. result of: the xiter depths fOund in ‘the Stanley Lakes. _,‘ ’

-~

e

-
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' © L
The _Crustacean, PontopopeLa affinis was frequeptly found in

Ekman dredge samples from Kakisa in addition the crustacean, dysis

yelicta was foynd in the Kakisa River outflow from the lake by D. Musbach, .
who was studying life cycles of 1nvurtebrates in Kakisa Rlver in 1972,
Confirmation of the presence of the organism in .the lake.nas made by

the discovery of Mysis remains in theAstomachs of several walleye. How-

ever, the organism,was never taken in either Ekman dredge or plankton
: P Y

-

net samples, nor was it commonly - found in fish:stomachs. This leads one
- «

to believe that:itévdensity»was very low.
i‘The presence of these deep, cold water_oligotrophic forms"is
qnite>unusual, but not entirel;‘without precedent. Rawson (L957) found

very small numbets of tysis in dredgings from the .warm isothermal Church—
-
. hi@l Lake in Sasxatchewan. however, the writer is unaware of any reports

of similar findings of Pontoporeza by other workers.

‘
v

Since the permanent sambling stations” set up in the lake tended
' 5/
to favor areas pear shore, an effort was made during fall sampling to A§=

get sufficieft samples from deep parts of the lake for comparison WItW

[
.

‘samples in shallower parts of the lake. "It 1S“apparent from resuﬂts ,4/;}

'shown in Table 12 that mayflies make up the majoi portion of biomass in
2 4

shallow [2 ? - 3. 8 ™ (7 2‘- 12 5 ft)] areas, whereas in deeper areas

//
[5.1 ~6.0m (16 7 - 19.7 ft)] chironomids qfe the major contrlbutors of

biomass. - T
The situation of differences in dominanceof prganisms with depth

N ¢ = :

is further analysed in Table 13 Counts of organisms were normalized -

.

by the log (x + 1) transformation, as discri:gd by Elliot (197i pp 90 92),

~

f'and densities of organisms from ‘the shallow zones : 4 m (9. 8 - 13.1 ft)]

were compared with those of organisms from deep zones, [5 m (16 4 fﬂ and

deeper] EEEE R R , L .

a ) . “

Y . H .
<« R
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Hexagenia were classified as small and large, since two very_dis—

tinet si;e ranges were preseot in fall samples. " Small Hexagenia weré€

generally between 0,2 and 1.2 cm in length, while large Hexagenia were

generally 2.0 to 3.0 em An length. It was inferred that most of the large

nymphs wo&lﬁ.eéerge the following summer, while 'small nymphs would require

3

at least one additional summer of growth.' Variaoility of size within

2

size groups suggests a mixture of 2 and 3 year cycles forﬂthe population

-

Swanson (1967) stated that time to emergence in Heranrnta is temperature-
. . .

dependent., being 1 yr in the south and 2 yr in the north of the United

States. It is_not unreasonable to suspect that rate of He&agenia deyelop-

ment is retarded by the short ice-free season of Kakisa Lake.

Chironomids cfaskified as small belopged to at least 4 species,

’which/gene}ally did not ‘exceed 0.5 cm, and which contributed>an in%ignifi_

N

cant amount of biomass to the total standing crop of bottom organisms.

i

Those_classified as large khironomus (probably Chironomus plwnosus) were

o -

from 1.5 cm to 3.0 cm in length. A Chireonomus species of intermediate size -

-(0 8 ~-1.2 cm) was also present in‘sporadicallv high concentrations but the

‘l

oy
RS

distributlon of these orgénisms could not be normalized and they are not
included in the analy31s. It could not be verified because of lack of

P . -

émerged adults,\3§9ther this was a separate species or the early instars

+.of the'large species- 011ver (1971) stated that most chironomids in sub-

similat'bhinbnOMus’specie55_”

‘strdtes’ in contact with epilimnetic waters ha§2 either 1 or 2 cycles per
year,_depending on en;ironmental conditions. It is therefore quite possible
ghat the large cﬁironooids represent a slower—growing segment of the Chtrono-
mus popuiation which would complete their cycles ‘in a year, while the
medium-sizedochironomids may be the second genération of the.fastgr growing

® portion of tha population. Alternative explanations are the possibility of

.

R
two year cycles for Chtronomua or the possibilityoof two morphologically )
. . ) '_,_. . ) LA . . ‘ R ‘ \ . v :

PO - i . . .
R Wl ‘ - . oo . X

@
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smdll iexagenia nymphs were relatively well-distributed over the
entire lake bottom, wheréqs later (large) instars were much more common
in the shallows than in deeper areas. The situation for large (hiironofus

.was the exact reverse of the sityation for large dexagenfa,with the

»

greatest density of large (hironomus being in the deeper water. Densities
of otHer geneta of chironomids (small chironomids) were greater in the
shaliows than in the deeper areas. Similarlf,densities of sna;ls and
amphipods were greater in the shallows thait in the‘deep parts of the lake.
It is known that Hexagenva may fly nymbhe ere capable of migratory

“ Lo - . . . y) . ., s »
movements. Swansop (1967) showed that.Hexaganb& limbata nymphs migrate
: b <

o e
- from their hatching areas near shore to deeper areas in response to over-

"%;crowding. He also demonstrated that concentration of nymphs is always

L)
greater near shore than in areas distant from shore. This differential

‘
‘

‘is greatest in the fall after the summer hetch is completed,and it is ‘

gradually reouoed'but never e}iminated ee nymphs migrate into deeper water.
The oiffetentia1 in‘density between deep anovshallow areas also océurred
in~Kakiea.;_Howe;er, it is notable thatuthe differential is greatet for
the more advanced instars than for early instars. . One would teno to infer

that the opposite mlght be the - ‘case, since ‘one would suspedt £226 advanced

o

instars would_be in a superior position “for survival and that the newly-

a

“hatched over-crowded instars would 4i§pe%se.

. Low oxygen concentrations are known to be a major cause of mayfly

. mortality and a limiting factox on depth distribution. Bri€t (1953) des-

crﬂﬂed a massive die—off of the organism in Lake Erie gnring a temperature
3 ‘ . - . ’ °

"stratification caused by unusually calm weather. Duting this pefiod
» ) . . .
oxygen. levels. dropped to the 0.7 to 1.2 ppm range near theuoq'tom,
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resulting in very heavy dexageria mortality. Eriksen (1964) determined

the absolute miﬁimup-oxjgen level tolerated by #. limbata to be 1.2 ppm.
a e . N ! Id ‘

In view of the well-oxygenated and totally-miked nature of Kakisa Lake

mortality causgd by oxygen depletion in deeper areas seems only a remote
- # * - ¢ .
possibility. . .
- < ~ ' " ) . ’ - -
Swanson (1967) stated that the 5 - 7 m zone in Lewis and Clarke
. - . O

Reservoir yielded the'lafgest numbers of ifexagenia nymphs and that thisg

-

optimﬁm dépth dgreed with those found by other workers.

? In view of thé foregoing, there does not appear to be an obvious

*
environmental pcason'for the scarcity ‘of large mayflies in deeper parts
* . : ' B . ,
of the lake. Moreover, ideragenia in all stages of development are found .

'

in deep‘pafts of fhe lake, glthough numbers are reduced. This would seem
e g :

to indicate that‘environmeﬁtal conditions thqu‘are not intolerable for -

tgL épgcieé.
One possible %io%&ﬁ%ééf*éfﬁ?ﬂgaggon for the lower populationslpf
Hexigenia in deeper parts of the lake is conpetition from Chironomus.

' Y e 4 4 . 1
Both texugenta and (711ronorus are-bunigzifg forms utilizing a detritus
A .

food ‘'source. ‘It is possible that fewer Hexageniu survive to late instar
- » Y g ;.

. e . . B : P
.stages .because the fastef-growing Chironomus monopolizes the/available
. R - . s . ° P
' 1
food supply.
An alternative biologigal explanafion’for lower Héxageni& popula-
J

/ . .

'tlons in deeper/water is selectxve predation on larger nymphs by- flsh.

3

. Thus large nympts dlspersing inté mote open habi_tat.s in deeper water ‘

may suffer very heavy prqdation while dlspersing young—of*the—year nymphs
‘ ) . >
may suffer mucq less predation._‘ ' : S

hipods and smail chironomld species also shqw greater

A\

allows than in the deep parts of the lake. aniIS‘ﬁ

Snails,

abhndancé'in the



9 - 10 kg/ha (8.0 - 9.1 l%/a) is prabably féirly close to an average
: 7 v . -

[ 2

generally feed on living algae wh;ch cover submerged surfaces (Pennak,
1453, p‘67l). Amphipods are;omnivorous and feed on both dead agduliving
plang and animal material of all descriptions (Pennak, 195;, p 436).
Chironoﬁid laryae are chiefly herbivorous and feed on algae, higher plaﬁts
and organic debris (Pennak, 1953, p 649). Tﬁé presence of aquatic macro-
phytes and thé favorable light conditions for benthic and epiphytic algae
should favor amphipods ang snails. Small éhironomids likely have a

much ggeater vafie£y of available substrates and food sources in the
shéllows‘than in the degper parts of the lake, where environmental con-
ditions are more uniform and competition with (hirororyw may be intense.
It .is 1likely that (hironomus does not Fhrivg in the shallows because of

a scarcity of suitableé burrowing substrate thcere.

Dry weight of‘gtanding crop of organisms in mid summer was 6.58
kg/ha (5.85 1b/a), using Rawson's factor of 1.20 to convert wet weight in
g/x_n2 to dry weight in kg/ha (Rawson, 1959). Average fall dry weight of
organisms for deep and shéllow areas (30 samples) is 15.7 kf/ha (14.0 1b/a).
These f;gufes could be 10 - 20% high as the result of inclusion of

mollusc shells in wet weight 5§terminations. In comparing with the litera-

) ~

" ture of Rawson, who used the average weight of organisms ower the period

.

from May 25 to Sept 10, "it would be reasonable to use an intermediate

 va1ue between the mid-summer values (which are iikely near—minimum) and

the fall values (which are likely ne3ar maximum). A rough estimate of

- value of standing crop-for Kakisa. “This would place Kakisa in the class
of La Rénge, Amisk and Ile la Crésse which havegétanding crops of 8.9,

9.1 and 9.0 kg/ha (7.9, 8.1 and 8.0 lb/a), respectively. Sggnding crops
. . * r .
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of Kakisa lLake would be significantly greater than those of the oligo-
trophic lakes Athabasca, Cree, Nollaéton, Reindeer and Frobisher with
standing crops of 4.1, 1.6, 4.7, 1.6 and. 2.2 kg/ha (3.6, 1.4, 4.2, 1.4

and 2.0 1b/a), respectively.

Bottom Organisms in Slow-flowing Rivers

T

[t can be seen from the partial species list of slow:flowing
vegetated streams that this environment produces a higher diversity of

organisms than the silt-bottomed part of the lake. No detailed quanti-

-~

—

tative work on standing crop in vegetated streams has been dane but

visual examination of the organlsms from several 5 m dipqgt sweeps indi-
\6\'\ 4 S
cates standing crops comparable to the vegetated littoral of-the lake.

¢ 2

Bottom Organisms in Fast-flowing Rivers
- ?

Moéggbf the benthic inhabitants of fast-flowing rivers must be

-

able to hold, position in the current and to utilize detritus and epilithic

° (giowing onvstones) algal food chains. Fauna of kaklsa River were domi-

3

- nated by anPhS of mayflies (Ephemeroptera), stoneflies (Plecoptera) and
.caddi%flles (Trlchoptera) . Invertebrate collectiohs made by. D. Musbach

,of thetUniveréity of Aiberta indicate moderately high diversity and. abun-

.dance%(pe;s. oomﬁ;). Resolts of Musbach s study on speeies composition
and 'life cycles of 1nvertebrates of Kaklsa Rlver will be re;eaSedAinva

‘master's th:sis whtoo s:Zuld be completed bgfore the end of 1974.

\

It is 11ke1y\th overflow of planktonic organisms ffom the lake

M . - -

notably increasesprodmctiv1ty in baklsa River by supplylng a plankton

source of food and nutVients (llynes 1970 p 256~ 59) , Tathllna River

3.

should also enjoy 31mllar beneflts from Tathlina Lake but these beneflts

may,be somewhat attenuated by the time. flow reaches the vicinity of Kakisa

w7

. .
4 - - .
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Plankton

’

The plankton (Table 15) was dominated by copepods and diatoms.

———

Abundance of zooplankters was highest in mfgfsummér and lqwest in fall.
Density of copepods did not show a major increasé from early summer to
mid-summer. gﬁowever, the cladocerans, laplnia gﬁlwata mendotac and
Diaphanosoma'brachyurum, became common in the mid-summer plankton and

accounted for the mid-summer increase in plankton density. Bosmirna
~

longirostris was always present §n thF zooplankton at low density. Because
of its small size relative to the other zooplankters present, it made only
a small contributi®n to total biomass of plankton standing crop. Tleptodora

kindti was observed during cursory preliminary examination of plankton,
but was not present in subsamples, indicating low density.

Calanoids were_ the dominant copepods during early and mid-summer,

but a large drop in poﬁulation had octyrred by early October. 'Cylopoids

:

maintained steady populations throughbut the sampling period and were net
affected by the fall population drop which drastically reduced all other
zooplankters. Thus, they domiﬁated the fall plankton. .Cyclopoids over-

winter as active forms, whereas other zooplankters form resistent stages.

. The calanoid copepods were identified as Limnocalanus macrurus,

a glacial relict form generally believed to inhabit only deep, oligotrophic

lakes. The presence of Limiotulanus is consistent with the glactal relict

bottom fauna (Mysis relicta and Pontoporeia afinis) also present in .Kakisa

i .

Lake. Rawson (1960b) }eported'that Limnocalanus macrirus was'preseﬁt in

all but 2 of the 12 lakes studied, including 4 lakes that would-be classi-

K

fied as summer-warm, isothermal and eutrophic.

o

The early summer plankton samples contained a very high cqncentra-'

tion of pennate diatoms. The summer plankton contained large numbers of

« |
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the cplonial blue-green alga, Coclospraeriwn which were clearly visible
on the water surface at light bloom density. Fall samples Qere_dominated
by diatoms, but density was low. " -

-There is no correlation between éensity of zooplankters and d;y
weight of total vertical haul (TVH) . In carly summér samples, it appears
that tne large diatOm population magks the weight of.zooplankters. In
the turbid fall samples_suspended silt appears Lo heavily bias dried
weights~of éamples.

Using the summer weight of 13.5 mg/TVH and the efficiency g;ctor
of 35% used by Rawson in Cree Lcke (Rawson, 1959), the weight of standiné

. \
crop of plankton would be 34.1 kg/ha (30.0 1b/a) in the deeper parts of the
" lake. The maximum spring.figuré would give'a crop of 102.3 kg/hq (91.0
1b/a). ConservaFivcly eéti&ating an average standing crop of 50 kg/ha "
(44.5*1b/a) for the ic:-free period would place Kakiga Lake in the same :
\general categnryyas Lac la Ronge, Saskatchewan (64.3 kg/ﬁa (57.2 lb/é))

)

and ahead of Athabasca, Cree, Wollaston, Reindeer, Frobisher, Hunter Bay
193] Q

and Amisk (36.5, 25.2, 14.8, 28.7, 45, 32 and 32.3 kg/ha (32.5, 22.4,

13.2, 25.5, 40, 28.5 and 28.7 1b/a); respecthely).

ot

Fisheries

.

Fish Species

The lake contained khe following fish species:

Walleye - . " |Stizostedion vitrewn (Mitchill)]
Pike . [Fsax lucius (Linnaeus) ] -
Burbot 7 o [Lota lota (Linnaeus)] >
White Sucker | [Catostamus commersoni (Lacepede) ]
Longnose Sucker [Catostomus catostomus (Forster)]
Lake Whitefisn [Coregonus clupeaformis (Mitchill)]
Round Whitefish [Prosopiun cylindracewn (Pallas))
%



Spring and Early Summer Spawnigg in Kakisa Lake

Cisco [Coregonus artedii (Le Sueur) ]

Troutperch [Percopsis omiscomaycus (Walbaum) ]

Spottail Shiner [Notropis hudsonius (Clinton) ]

Lake Chub [Couesius plumbeus (Linnaeus)] - \
Ninespifie Stickleback [Pungitius pungitius (Linnaeus)

Slimy Sculpin _ [Cottus cognatus -(Richardson) ] C:i:’

-

Ciscoes figure very promimently in lake foodichains; as they form
a Qery large, stunted (max.wt. 75 g) population.
A creel census by Fisheries Service, Department of the Environ-
N

ment, confirm$ that Kakisa River below Lady Evélyn Falls contains Arctic

grayling [Thymallus arct{g;ﬁ\(Pallas)], walleye, pike,; and longnose

‘suckers. Slimy sculpins were taken by D. Musbach while collecting in-

vertebrates. It appears likely that a number of forage species that

occur in Kakisa Lake would also be present in Kakisa River below the Falls.

-

Lake whitefish are known to run into the lower Kakisa River from Beaver

’

Lake in the fall. . ' , oo

A )

Of the species present in the lake, walleyg; pike, white suckers

and wbitefisﬁ are available in commeréial quantities. wn}tefish, though
abundant, are so heivi}y infested with the tapeworm Triaenophogﬁs crassus as
to render them unmarketable (Fisheries‘Researéh!Board, qnpublished data) .
However, they are iméo;tant to the local"ecbnomy as dog food. Commercial
qdantitiésbof whitefish are also faken‘in the Kakisa River near Beévér‘

Lake in the fall and are used prinéipaliy for dog food. Gra§ling, wall-.
eye, and pike are game figh in the Kaki;a.Ri;er. Longnose suckers are

.

exploited’to %dme extent for dog food. . <:>

- P

Al]l species in the lake, with the exception of lake whitefish,

round whitefish and ciscdes, are spring or early summer spawners.
. . . ' ¥
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Qipring spéwning was studied only on MuSkeg River, as Ece‘condi—
”tionSAprwvented us from working elsewhere. The data (Table 16).suggest
that més} 3§Fe had spa@ned by M;yVZZ, most walleye had spawned by May 26, ‘
and that most white suckers had spawned gome»time between May 30 and
June 5. The da;é Alsq éuggest‘ghat Muskeg River is a major spawning area
for walleye, an importght spawﬁing area for pike and of somewhat less

L

importance to white suckers.
ﬁonitoring of Tathlina River began after the walleye spaw;ing on
Muskeg River had subsided. Thus, no quéntitative data exist to documenﬁ
use of Tathlina River by walleye. |
,‘Nefting around the mbutﬁ of Tathlina River vieléed several ripe and
spent’ white suckers. The number netted was not adequate to determing the
degree of spawning use by white suckers. Circumstantial evidence indi-
cated thaé Tathlina River.Was a major white szcﬁer spawning stream,
since commercial fishermen tended to avoid fishing ;he Tathlina‘RiQer
\~Cbmout§‘afea too early ianhe season so thag they wouldn'tthaye'“to pick
suckers all day", This would seem to indicate that there is usually a
heavy run of spawning suckers into the river just after bregkup of the
-1§£e. The commerciél fishermeh daid that suckers ruﬁtinto the Tathlina
River before the large spring run of walleye occurs. Hbwevér, they added
that the walleye "never have ényvspawn in theﬁ”.. Netting around ihe
Tathlina River mouth area confirmed that the heavx.run of walleye into
the,mouth of Tathlina River was in fact aifeeding run and not a spawning

run. It is of course possible that there was a spawhing ryn earlier in

‘the season at sbout the same time as the run in Myskeg River, and prior

R
3

to thé sycker fun on Tathlina River. Howe&ér, it appears uhlikely thét,N
in view of the commercial fishermen's preference for fishing the Tathlina

".? ’ ' 1



River mouth area, they would never have come upon a spawning run of
walleye in that area in-approximately 20 years of fishing the river .

mouth. Pike, on the other hand, spawn around.the mouth of Tathlina River

in the two small weedy streams that enter there, as.evidenced by the
E

occurrence of young-of-the-year fry. Prey species of walleye and pike

also spawn in the Tathlina River mouth area. Ripe trout-pereh were vir-

k3

'tually the exclusiwe diet of the large spring run of feeding walleye and
pike in the Tathlina River'area, indicating that the spawning run of
trout-perch must be very large. Further ev%dence of heavy use of the‘
area by spawning forage’fish was our Observat;on, on June 24‘ of an
extremely large number of neWIy—hatched larval fish, which were fleld-

identlfled as spottail shlners In general, it can be said that the
environs of the Tethlina R;wer mouth present spawning opportunities for
white suckers, pike and~probab1y most species of forageﬂfish. | .
A'Little River was not netted during the spting spawning season

However, seining later produced newlj—hatched pike ;;; and l-year-old .

1]
" spottail shiners. Commercial fishermen-indhcated that fishing this river
[ . .
during spring spawning runs y1e1ds large numbers of white suckers and

’

pike, but few walleye. .
: S i
The outlet area of Kakisa River had_a'very 1arge population of .

young—of-the-xear wh1te suckers and a somewhat smaller populatlon of
yQUng-of the-year spottail shiners. The very small size of the white

suckers suggested that they hatched 1n the area and did not actively
*

swim-there from another part of the’lake: Hedwy yegetatlon, especially'
along the shorellne, appeared to play an important role in preventing

."the weak—swimming newly~hatched fry from being carned downstream by the

current. - A X

v
o e
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Seining in the.three ;treams in the west énd of tbe lake yielded
newly—hatcheé'pike fry, thus proving that those stre;ms'are used by pike
fJ? spawning. Also, it is pgobable that walleye use the gravel stream
beds bf Campsite Cregk and of the gpper reaches of River 2)ﬁ§r spawning.
ﬁecaﬁse of the distance involved, local fishermen seldom fish the aa??
in thé spring. However, they have attempted it occasiopally in the ﬁast
and caught larger than usual walleye in the Campsite breek area. This
may indicate that there is a separate spawning populaiion of ;alleye in
the west end of the lake. “ )
1t also appears quite probable that spring and summer spawning

fish ufilize certain beach areas for spawning since a wide variety of

clean substrates exist down to &epths ranging roughly from 2.to 4 m (6.6

v ¥ P

- 13.1 ft)" around the perimeter of the lake. However, wave action may
have a large'effect on -dictating which areas can actdally be used by
beach spawnets ' . - LT : o

14

. Spring Spawning Below La&y Evelyn Falls , -

L2
P/

! . : v

A creel census was taken by Fisheries Service, Departﬁent of the
Environment, dt the campground below Lady Evelyn Falls, the results of

which are summarized in Table 17.- Because 'of the small sample size,

)

’ ) ’ .
only. tentative conmclusions can Ee drawn. - Indications are that spawning
~of grayling was over by June 3 and'pOSSibly earlier. There appears to

\ - | : . , , o .
be active spawning of walleye at least as late as June 9. ‘The pike data ~

.-
~ - o
' are somewhat inconclusive,-indicating occurrence of spawning as late as

v

June 4, but with no data during the ﬁeriod from June 5 to June 15. A

.

large spawning rﬁn‘pf longnose suckers was observed by the writer on

June 3 and on Jure 5 at thé oldlifvéf ford upktrgam of the highway bridge.

»

- - - - . o : " - g ’
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In general, it can be said that spawning activity of walleye,

pike and longnose suckers oceurred from one to two weeks later than in

the liuskeg River, because of the lag in termperature rise associated with

the lake source of the Kakisa River. ’
Iy ’ o

To all appearances, the Kakisa River yields a nunber of favorable

T J

spawning areas for gravei spawners along its entire course. It is un- _ -

\

likely that only one *Spawning areas is usedg

v

Fall Spawning in Kakisa Lake

Heavy catches of whitefish and ciscoes were taken from-September
1.7 to September 2Q at fouxr locations (Table 18). Spawning of whitefish
o e , : '
commenced,on‘Septemb“!‘ﬁQ and was widespread by the following day. Spawn-

ing of ciscoes throughout the period was minor. Ciscoes taken just prior

to and during the whitefish spawning run were’ generally not ripe, indlcat-

.-

ing that the main thrust of the c¢cisco run was probably sllghtly later

than that of whitefish. Spawning rurs of whitefish and ciscoes_likely

‘continued for many days after sampling stopped®

¢ 8 o Although it was not possible to carry out an extensjve sampling
L prqgrém, indications are that ﬁany miles of shoreline suitable for white-
fish‘épawning occur along the north, east and south shores of the iake.

[N

Suspectedk the Muskeg Rlva.lwas not used by spawning whitefish, ‘where-

as the Tathlina River was. It is concluded that the Tathllna Rlver is
the only- 1nlet ‘stream in thf system with adequate bxygen to ensure sur-
vival of overwintering,whiteflsh and cisco eggs. Its early spring (Ap:il

20) oxygen concent:::ESn of 8.6 ppm {bl% saturation) appears more than .

adequate for overwinfer survival of eggs.

) . . ‘. .
h . f
. . : | . )
A - . : < - - o
.
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Fall Spawning Below
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ti/thgt area
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spawning use, has beerbnstructed.

: - ) _—

Féedingrﬂabits of Fish

‘of key organisms was as follows:

i) General.- S 
.. L \ : {‘:’
suckers and whitefis

R
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Klg area occurs in the mouth of Kakisa

v -

from Kakisa village make an annual trip

roximgtely 20,000 1b of bhifefish,kprincipalli ‘

*

i data and indirect evidence presented in previous
of subjective evaluation of substrate suitabil-

chart (Table 19), showing estimated degree of
¢

AY
tents of walleye, pike, ciscoes, wh!té

re examined in detail. In addition, the stomach

contents of a limi;édlnumber of forage fish and pike fry were examined.

.
L}

Counts were made of each type of organism present in-stomachs. Identifi-.

1

cations Qerebmade to~genus thn possible.. rbtal welghts and volumes of }

{

each stomach were taken when possible. : \

To armrive at an estimate of the origﬂnal weight of 1dent1fiable

organisms consumed, average weights of severa key organisms were esti-
s . { . .

mated from stomach content weighis of iftact épecimqns,

Ciscoes o -
' Troutperch = <
Nine-spine Stickleback -
Mayfly hymphs (lake species) -
Snails -

Avergée weight (mg)

-
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"ably adequate to differentiate important organisms fro? unimportant ones. - \

_%*small lit_toral and"river 'varieties', dominated feeding.

39

Weights of ofher organisms were egtimated by their size relative
A : . .
N
to key,organiéms; ‘The"inai scheme of estimated average weights (mg) per
'. : \\ /‘x . L.
organism are as follows:
/

Cisco ‘ ) - 19,000
Troutperch - 3,800
Nine-spine strcklebaek - 600
Walleye, sucker or burbot fry - 5,000 - -
Unidentified fish - 5,000 .- -
Mayfly nymphs (in lake) - 100
‘Dragonfly or damselfly larvae - 100
_Beetle larvae - 1060 -

Mayfly nymphs- {in, river) - 20

‘Large amphipods (in -rivers) - 20
. Caddisfiy larvae o= 10

Aquatic hemiptera - 10 *

Snail$ and clams '\ - 10

Fish eggs (of large Kish) - 10

Small amphipods (in lakes) g )

Chironomids ¥ biting mldges A 1 ) . KT/,
O -~
0

Cladocerans A - .3 ~ "
Copepods o K - .1 S 1 3
- ’ . » AY 5 b
d? : . o b R,

Although the above scheme has obvidus 1mper§:ct10ns, it is prob~

r\“

\

When a number of organisms: are “very nearly equal in importance, the

o CERY .

\
jscheme is not suffic1ently accurate to rank them i§§fhe proper sequence

of importance Yoo LA TN
- o R S AR

Feeding data have been presented in two wdys to give a\balanced

piéture of importance of food organisms The first method ranks organisms

in the ordermof the percentage of stomachs_ in. which the organlsm occurs.

This method overemphasizes the importancéﬁ%f'Small organisms taken fre~

1 [

quently in small amounts. The sgcond method pools the stomach‘aontents

n

' of all fish specimens together and estimates ‘the - percentage ‘of the total\

Y
weight thgt each type of organism contributes - This method probably

gives-a more accurate picture of the“most important'fqod species, but N .

a,

“‘.

! .

-

. . . .
A “y : o -
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may give large organisms taken infrequently o®:small organisms taken in-

&

frequently, but in large numbers, an' exaggerated importauce, when sampie

sizes are small. Because of the biases ;ﬁ both methods of data presenta-

tion, the data are presented both ways to convey the information more

accurétely.

v ii): Walleze. It can be seen that spring feeding inthes Tathlina
River mouth was almost exclu51vely on troutperch (Fig 8; Appendix III)
This heavy feeding appears to coincidekwith a'epawnine(run of large numbers
of troutperch into the Tathliua'River mouth,l‘Troutoerch found in S s

walleye stomachs were found to be in ripe condition. The feeding on

tgqutberch lasted for the ‘entire period (Juneié - 11) the river mouth

A

o

was fished “ . 5

‘ Walleye taken in the open lake in® July, Augdst and September

_ = . *

showed a marked change to a d1et of c1scoes and’sticklebAcks.,uNo recog—
2 Y ’

nizabfe troutperch remalns were fpuna in these stdlamhs«_ Although walkl- - —-

Joyge .
eye took larger numbers of stlcklebacks than ciscoes, the average “cisco ‘
) R

.. was more than 30 times heavier than the aNerage stiekleback Therefore,
' o ey ’&
one would conclude that cisecoes were byflar the most imP‘f@ant forage

'species for walleye in the open lake during the summer pontu&J\ Ciscoes

3

orage fish on a year ro&baSis /
» -~ o ; e

: cal G . . 1
‘ . " U i

- would 3130411ke1y be th

C- - ° 1%

opulation-as agwhole. T ]
) indicates that smaller fishofed more~frequently on in-

3

rates than did larger ‘fish. Moreouer, for.small walleye, in-

v tebrate iptake contributed a substantial percentage of the total intake
f food. The larger fish took only 1im1ted quantities of invertebrates,‘
‘but greatly expanded their intake of fish, with the result that the in~-

vertebrate portion df the diet §hrank to insignificance.’

Toes

. - c. B LS
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o

0f ‘the i@vertebrates consumed, Hexagerita was by far the most

)
tacf/rolc during the fifst three years of walleye growth.

commod. In view of ifs large size, this organism likely plays an impor-

o * s

Attempts to obtain foung—of—the—year and one-year-old walleye by

.seining near shore or by using gillnets were unsuccessful. Those walleye

seemed to be widely dispersed and were not easily caught near shore. The

-

Situation i{s probably similar td thét in Lake Winnebago described by
Priegel (1970). He found that walleye were totally pelagic during their

first year of existence. He listed a variety of food items, includipg

Al

copepods, cladocerans, chironomids and fry fish, whicl were used by
walleyé less than 175 mm long and showed a progression to larger food
! .

" items with incfeasing size. The diet tonsisﬁed(@ainly'of copepods and

L}

cladocerans in the 10 - 50 mm size class and leaned more fowards fish

in the 101 - 175 mm class. Fry larger than 35 mm were capablé of con-

o=

suming both chironomids and fish fry. 1If walleye in ngisa Lake have
& . ,
similar feeding habits, 'it would appear likely that one and two year

oldﬁfiéh, which are generally less than 179 mm, may consume even greater

quantities of dexdgenia than the three and four year old walleye examined,Q
2 Co

—p—

whie¢h ranged in length from 163 to Zib mm,
. . @ -
Examination of the bréakdown of fish utilized -by walleye for

- d

afs

food 'revealed a sharp increase in feeding on ciscoes as the walleye.

increased .in bize. There is no clear trend for other prey species utilized.
S— v
.

i1i) Pike. The;feeding data on pike (Fig; Appendix IV) ‘show that
pike had feeding hébité:very similar to walleye. Troutperch was the s

dominant food organism-in the sprihg feeding run at Tathlind River and

. ¢ s

. cisco was the importqht speéiés in the open lake ﬁu;ing summer. Feeding

N
N R}
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\

was also analysed i terms of size of the teeding pike (Table 20). .
Results %ere simi .1 to those for walleye. Frequency of occurrence of

invertebrate orgoiisms decruased with increasing size of pike while
fgééuency of fee ing on cisco increased with increas{ng size, »Feeding
dn troutperch éppcars to decline with increasing size. Feeding on in-
Vergebrates was nore}diverse in pike than in walleye. Amphipods were
faken more frequently b& pike’}han by walleye ang frequency of iexagenia
was lower. This is probably an inaication that small pike congregate‘in

vegetated shallows and élow—flowing streams, where the large amphipod

Gammarus lacustris occurs im large numbers and where llexagenia is rare. \
cur ‘ ‘

iv) Ciscoes. Cladocera and copepoda mhde ub approximatefy 99% of

. o ~ o .
the total intake of. ciscoes (Fig 9 ; Appendix V). Both of these organisms //'

belong to the zooplankton. The wisco was the only fish species in.the

lake derivimg its ‘principal nutrition directly from zooplankton. By
> : ’ * .
. .
that token; it should be the fish most efficient in utilizing the energy

‘.
£

available in thé lakebecstsqem. since it appears to be the principal

forage species for %alleyg and pike, it may be instrumentalvin the main-

&

tenance of adequate growth rates for those species. .

.Thq-cisco's-minor use*of food spectfes that aré not planktonic
,,! N . .

"suggest that it is capable of using those food sources if thé need 4rises.

This flexibiiity may’ be importaﬁt in times of seaSOnél Lovs of zooplankton.
At thisFtihe, the role.of the cisco in perpetuating the tapeworm,

Triaeﬁophofus cragéus should be mentioned:, Thé_cyblé isldéscribed in.- L

ﬁéPhail and Lin@sey (1Q]0;'p 84-85). The adu;t éapeworﬁ lives’ih the.

intestide qfnnoréhern pike. . In the spring, eggs of the tapeworm.are
T < : - R ’ -~ '
broadcast into the aquatic environment, where they are ingested by

|
©

/
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copepods of the genus Cyelops. when infected Cycelops are eaten by white-
fish or ciscoes, the parasites encyst in the flesh of those fish\ The
cycle is completed when a whitefish or cisco is eaten by a pike. White-
fish infestations are normally higher in lakes countaining ciscoes. Since
ciscoes ingeat very large numbcréfoi cyclopoid copepods, their chances
¥ v
of becoming infected are very higih. Also, since ciscoes are a preferred
‘ L i(%.~ ] s . . . . , : -
food of norther pike, they are instrumental in maintaining infection
¥ , - - -

levels of northern pike at very hign leveis. Thus, the presence of

_ciscoes in a lake greatly increases the chances of infections in whitefish

by keeping infections in the final nost, the northern pike, at high levels.

v) Other Fofége Species and I'ry Pike. . Small collections of trout-

perch, spottail shiners, lake chub, sticklebacks and pike fry were examined
fér feeding (Table 21). Although sample sizes were small, a few
conclusions can be made. Therc is evidence of a progression from copepods

to.clédoée;aﬁs to small insect larvae and adults with increase in size

of fry. It also appears that larval stages of a wide Qafiety of small
inse;ts were the preferred food for ;dult forage fish. It is interesting
to noté that piscivorous habits were established very early~in fhe life

of a pike. Fig 26 lists a burbot in the stomach o§<one of- thecpike fry.z

The pike fry ip question measured énly 3.9 cm while its prey measured

1.5 cm.

1 .
-

vi) Whitefish. Examination of the feeding data for wﬁi{gfish caught

¥

in or near rivers (IFig 11; .ppendix VI) indicates a major-preference for-

mayflies (Ephemeroptera) and a secondary prefefenceufor c1ddul 2rans, -

L3

amphipods, water bugs {aquatic Hemiptera), and aquatic beetle larvae

(O

. / . . P U
. )

-
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Al . . ,
(Coleopté‘a In the open lake, major feeding effort was concentrated

on fewer organisms, with snails (Gastropolla) the most important items and
mayflies and clams (Pelecypoda) tife major sécondary items. The large
component of fish eggs in the diet was hrobably an artifact of the data,

resulting from the face: that a large proportion of the whitefish were

taken during their spavning season, when whitefish commonly ingest their
own eg;s.

1t should be noted tuat {ceuing was balanced more .evenly over

a wider variety of ‘organisms in rivers than in the lake, due to avail-

ability of a wider variety of organisms. B

vii) White Suckers. Of a total sample of 50 vhite suckers examined,
all but one were taken in or near river mouths. During the ficld season
dn;y a few specimens were taken in the open lake, indicating that white

suckers exhibit a definite preference for river and river mouth habitats

»

in Kakisa Lake.
The range of invertebrate organisms consumed by white suckers was

very similar to tbat_consumeduby whitef{sh (Fig>12; Appendix VII). In
‘ e .

comparing the fish of eachFSpecies caught in or near streams, ‘it can be

seen that mayflies appéar'to have been, the: most important fpod organism

.

for both species, with very Simglaf levels of consumption. HLowever,

chi}onomids also appear to have been a very significant food item for’
. white suckers, whereas they were a rather insignificant péftion of the

whitefish diet. Conversely, infake of claddcera appears to have been

.

much less in white suckers’ than in whitefish. Feeding on snails, clams

and caddisflies appears somewhaé higher in white suckers than in whitefish

> Jee . [
s

“in riyers. InUgeneral,-whigg suckers tended to have a strongef secondary

T preféteﬁce for sédentérytofganisms thanbdid the whicéfish. <"
J .. e : » : : o
A v, M

- . . : .
N . - v " . - .
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Growth Rates -
. ) o
Data supplied by Fisheries Rescarch” Board, Departmene ot the
)
Environment (Fig 13; Appendices VI X1) show that pike from Kakisa Lake
reached spawninﬁ size (about bJU g) aiter 3 or 4 summers of growth. Wall-
,eye on the other hand, did not normally reach spawning size (about 500 g)
until thev nad completed 8 or 9 summers of growth. The growth rate of

whitefish, like that of walleye, wus tairly siow when compared to pike.
Whitefish usually reached spawniﬁg size (70U - 8UU g) in 8 or 9 summers.
Growth rates of white suckers were comparable-to those of pike for the
first seven sunmers Qf growth. White suckers usually reached spawning
size (700 - 300 g) in 5 or 6 summers. Minimum spawning sizes for the
various fish species were deduced from chght and sexual maturity data

from the present study.

Comparisons with Growth Rates in Other Lakes

v

Table 22 gives growth data. of waolleye, pike and whitefish of \

other western and northwestern lakes From studies by Rawson (1951, 1953,

. \

1957, 1959) and.kennedy (1953). It cag be seen‘tbaﬁ;ﬁalleye grew appre-

~ciably faster in the oligotngﬁéic:WOlf;stdn.iaké and in the mesotrophic
Lac La Ronge than they did in Kakisa. In.th; oligotrophic Great Slave

Lake growth rates of walleye were much slower than in Kakisa in. the 1 - 5
year class and somewhgg faster than lg Kakisa in the 5 -110 year class.
By the eleventh summer walleye wereiabout the same size in both lakes.
The highlv eutrophic Blg Peter Pond Lake, like Kaklsa had growth rales

31gnif1cantly lower than those of la Ronge and Uollaston. "

> " Maximum sizes of fish taken:? the present study were 1600 g for

Y

walleye, 6700 g for pike, 2250 g for whitefish and 1700 g for white

.
3 N a - ,
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suckers. Maximum weight of W“lleiﬁ netted compares uloselé with the
heaviest walleye (1771 g) taken during the 19Sé FRB study (Appendix VIII).
Maximum weights of pike, whitefish ﬁnd white suckers in the present study
were signi'ficantly greater than the FRB maximum weights f 1839, 1074 and
1180 g for the three spevies (Appanicés 1X - XI).

Pike in their first two years of growth in Kakisa Lake had
4

slightly higher growth tates than in Lac la Ronge and much higher growth

rates than in Wollaston, Great Slave and Otter Lakes. Growth of pike in

3

Lac 1a Ronge was much higher after the second surmer than in kakisa, so
that by tine eighth summer Lac la Ronge pike were doubleé the weight of
kakisa pike. Hhowever, growth rates of Kakisa lLake pike greatly exceeded

those of pike in CGreat 5lave lLake (oligotrophic), wollaston Lake (oligo-

Ty

trophic) and Otter Lake (éhtrophic).
Wwhitefish in Kakisa Lake had better growth rates than in Lac la
Ronge and Great Slave Lake, slightly poorer growth rates than in Big
« 1 ]

Peter Pond Lake and much poorer rates tnan in Wollaston Lake,

In general findings of the present study support the contention

of Rawson (1960b) that growth rates of fish are not useful indicators of
' -
produttivity in lakes. The most procductive lake.kawson studied was Big

Peter Pond Lake (Rawson 1957, 1960). Growth rates in that lake were
amd%g the lowest of the lakes he investigated and comparable to those

found in Kakisa. Yety the plankton, bottom organisms and fi'sh standing

v
L 4

crops which Rawson used as indicators of productivity were much higher
in that lake ‘than in any of the other ldkes studied. One might conclude
AN ‘

-

from this that large populations of fish in productive lakes may have

lower growth rates thaﬁ'low.populations in unproductive lakes.

\



There appears to be a notable lack of large old fish in Kakisa
Lake when it is compared to the other lakes previously mentioned. The
mos t likely reason for this phenomenon may be the commercial fishing
,regﬁmations that were in force until 196) Those regulations permitted
250 000 1b of walleye -to be caught every five years. There was no stipu-
lation as to how quickly that amount of walleye could be taken fromAthe
lake. Consequently, large_cnmmercial operators wouln move in and remove
the entire 5 year gquota Qitnin a period of a few weeks. The 4 1/2 inch
mnsh nets used were probably very efficient in depleting a large propor-
tion of the pOpulation of walleve larger than 500 é}j Since the walleye
fishing effort tends to be non- select1ve as to species it is llkely that
considerable nupbers of large p1kc, whlteflsh and white suckers were also
removed. This heavy selection against large {ish probably created an
unbalanced populatlon structure in which greater than normal numbers of
small and. 1ntenmedlate sizeq fish were able to survive to matur1ty,’re—

sulting in a population of stunted individuals.

Variation of Fish Size with Location

.

Table 2§;shows the breakdown in body weights of;tne majof large

species for various regions-of the lake.

- 3

It can be seen that no pike less than 100 g were taken outside of

«

the .vegetated areas of the lake. Fike larger than 1000 g, on the other

hand, ranged freely tnrpugh every region of the lake.

Walleye less than 100 g Were found almost exclusively in the’

-

eastern half of the lake, in or near aquatic vegetation, in the shallow -

- open water area, ééﬁ close to the north shore. ' Thus their distribution

G
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correéponded with the vegetated 1ittoral»area together with the parts

of the shallow open-water area that ;ere optimum habitats for Hexagenia.
Larger walleye (100 - 999 g) had a more general distribution although
heaviest concentrationﬂstili occurred in the east end and along the north
shore. Waileye éver iOOO g tended to be quite evenly distributed thréugh—
out all lake'regions, although none were netted in the weeds in the west

end.

The greatest number of whitefish under 100 g were taken in the

weedy shall?ws of the east and west'enQS; There was also slight.evidence“

of“congregation of young fish near the north and south shbres.
White'suckers less than 100 g were found mainlx in tie east end anq

along the north shoré. Adults were aléo strongly confined to the eastern

~and northern shores. Only-individuals‘larger than 1000 g were found out-

side those “areas.
v ) s ?' M X 3
There is "a consistent trend to close association of juveniles

i
.

of all species with the héavily vegetated eastern and weétern shores.

There is also Q'trend‘of asséﬁiation with the more_lightly vegetated
. . ’) L N T w . N

nortH“sho;es and with the- eastern shallows. All the previously-mentioned

areas ‘are the more productive areas of the lake for bottom organisms.

In addition,’ they are adjacent to spawning streams as well as to pfqbable

shore spawning areas. For these reasons; those areas are likely the

optimum redring habitats for both inveatebrate&fegdihg and piscivorous

fish." The high invertebrate densities in those areas likely favor wall-

v »

eye and pike by both attracting prey species and/by directly providing,

an important par;;of»théir diets during early development. in addytion,

\vegetation. coter may. also be important to protect juvenile fish of all

.

species from attack by very largﬁiaﬁult predators.

- K4
- . »
>
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Productivity of Kakisa Lake : ' .

Rawson (1960b, l9bl)>9ummarize' his stediea of Saskatchewan lakes ‘
by analyslng ‘the phybltal and chemical variables indicative of hlgh pre—
ductivity. He found that produet1v1ty 1ncreased w1rh aecrea81ng meaa
depth, with increasing mean temperature in the first 10 m of wiﬁer with

defreasing transparency, with decreasing bottom oxygen (July - August)
) . ’ “
and with increasing total dissolvedAsollds. He devised & scorlng system

in which the’ ranks that the lake held in each one of these categotiea

were added together to form a "ph&sical score'. The scheme of Rawsen

has been adapted in Table 24 to include kakisa Lake. The inclusion of
Kakisa increases the possible score in each categqery from 13 to 14 and

thus slightly changes.tﬁe original scores. calculated by Rawson.
. " -~ . N

On the basis of "physical score' Kakisa would be more productive

i

thg; any of the Saskatchewan lakes Studled‘by Rawson. An effort was made

',
&
/v-

' to determine whether this’ hlgh phy81cal score" actually tndicates high
: . : \
biological prqductivity. In nis comparative study, Rawson ysed weight
) N - ) . ' &

of net plankton pet unit siurface area, weight of bottom organisms per-

unit surface area and'weight of fish pet'"standard gang' (50 yd$ each of 5)

1 1/2 2, 3, 4, 5 and 5 1/2 in mesh gillnet) as biologicgl indicators ﬂr. £
: . of productiv;ty, Summlng the ranks of the lakes in‘each category gives_ ’
”biologlcal score' .‘ N X | o ’
- The average standing crop. of bottom organiems ‘in Kakisa Lake has -

been estimated at 9 - 10 kg/ha in a prev10us-§€ct10n, in the general range
of Lakes La Ronge Amisk and Ile la Crosse. The conservatlve assumption
that the average standing crop is just sllghtly lOWer than any of the

above mentioned lakes would glve Kaklsa a score of -7 in Table " 24

ca RO
. ' . o
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Average "standard -gang' catch for Kakisa had to be estimated
indirectly because it was impfactical to/sqt full standard gangs during
the study, due to manpower considefations. However, records of the FRB
1968 (Tab}é 2'5) Studybmade it possible to calculate thét the standard gang
catch averaged 2.87 timés‘tbéigaﬁch from 50 vds of 1 1/7 in. éndISO yds
of.Q in. mesh net. SincéaZO ?dé of 1 1/2 in. and 20-§ds of 4 in. mesh were
used, equivalent "standard gang"*catch should be,rougﬁly eqﬁal io 2.87 x
50/20 X actual catch or 7.175 x actﬁal catch. Actual catch and equivalent
"standagd gang" catches® are shown in Table 26. The average equi;alent
"standérd gang', catch weight for 29 net sets is 87.6 kg. This would give
Kakisa Lake a 13 score in this category, with'onlf Big Peter Pond Lake,
having;a higher catch at 127 kg. - ' \\

Average standing crop ofplaﬁkton has been estimated to be in the .
range of Lac la Ronge in a previous secgiqp. Conservatively.estimating
that ﬁhe average standing crop in Kakisa.is slightly less thaﬁ in ﬁa
Ronge gives Kakisa a score of 8 in 9dable 24',

The ove;alll"biologﬂcal score' of 28 places Kakisa in a category
somewhe?e between that.of the eutropnic g}acial drift lékes.of cgntrél
>Sa§katchewan and the mesotrophic lakes along the margin.o% the shield.

On the baéis of its physical-and chemical properties, it might °
. be expected that Kakisa wéﬁld have a.higﬁe; bioibgicalzscore than-Big

?etef Pond which Rawson'(196db, 1961) considered the most pquuctivé of
the‘lakes studied. ﬁowever, there are at least two reasons wﬁy.annual
production.ﬁay be lower. Big Peter Pond lies approximatel§ at laiitude
56°, roughly 5° further south than Kakisa. Conseq;ently, the ice-free

period is about 6 weeks longer.: In addition, the flushing time of

Kakisa is only about 1.1 years as compared to 12.5 years in Big Peter Pond.

- 7
o

, N

. . .



Rawson (L960b) discusécd the eifect.of flushing time on the
lakes of Saskatchewan. He postulated that the 9 month flushing timé of

Ile la Crosse Lake -is résponsible for the loss of newly-formed plankton

before it can be fully utilized, resulting in greatly lowered productivity.

He notes that, althéugh,l}c la Crosse had the highest "physical scor9y of
all gﬁe lakes south of'lhe Shield: it had ;hé lowest ”biologica# score“

In summary, it can be.said tha£ Kakis; Lake is an isotﬁermai,_
non-stratifiéd, near-eutrophic lake, which' is produq;ive ;;:\}‘s latitude.
If is also subjected to rdplq flushing which may reduce producthlty to

a level below its edaphic and morphological potential. )//J

\) Waterfowl and Shprebirds

Spring
: /
In the spring, the principal wvaterfowl area ts in the region of -
he outlet (Kakisa River). This arca remains open all year round and is '

he only area available to waterfowl in the month of May. Because of

the luxuriaat growth'of vegetation in the summer, there is still abundant
__/\
sptlng feed in the form of winter buds, roots, seeds, and invertebrate

organisms Moreover, the rlver at this time is shallow and utillzable

:lby both dabbllng and diving ducks.‘

-

The entire strg¢tch of Open water from Lady Evelyn Falls to the

lake proper is used by waterfowl in the spring. . t

.

It was diffic o get an exact count of waterfowl.in the outlet
. N . 'v,
region because birds were constantlyvdisturbed by human activity. Maxi-
. J
P

mum numbers of ducks abserved at one time was 250. Assuming a 50%

efficiency in 31ght1ng, this would place the number of ducks at approxi-

4

v
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C , :
mately 500. It is very difficult to estimate how many ducks used the

(J ¢ q ’ /.

area over the entire spring season.

‘; _ More than half the ducks sighted were mallards (Anas pZatyrhynchos).

The;remalnder were abOut equally divided between buffleheads (Bucephald .

lavlbéol.a) and common gqldeneyes (Bucepirala ZanguZa). Very small numbers
_of pintalls (Anas acuta) ) green-winged tehl (dnas carolinensis), lesser
,ygcehp (Ay thya affiniﬁ)‘ehd §hgvelers (Spatula clypeata) were sighted.

- Anaddition, 27 American widgeons (lfareca wrwricaaa) were spotted on one
.ocrzsmn , v - ™~ ‘

Numerous Canada goose (Jdrarta ccmadensw} flights were observed ‘ .
A‘ ' . . ‘ .
‘ffrom April 24 to May 7, but landings were obssrved on only two occasions.f

!
[ . \

o Flbcks of feeding whistling’%wans folor cola”bﬁﬁymﬁ) were observed on

N \

v

‘ May 9 and May 13, numberlng 12 on the former date dnd 40 on the latter.
'0 \\ )
4 . 13
;; At least 250 spotted sandpipers (Act:tis magularma) anﬂ\}esser yellowlegs
4 \,
?” Yﬂotanus fZavzpes) fed heavily on exposed mud flats in thé outlet area

“
,'1’ [ AN °

%- prior to- the late May rise in lake level. N
oy ' AN
. L N \
“t ’ . N \\
¥ N . . B
) f Simnner Breeding Squon ' _ N -

x_ ‘ . .
! J od nesting areas for ducks were"confined ptjipcipally to the\

flow lylng 1and at the eastern ahd western ends of the lake. Bé‘cauSe of ™

\
.

i 3 ‘ | s :
i 7 'the rocky exposed shores of the lake and’scant emergent vegetation nest-— S e
s i .

T kY

‘ing areas. for dabbling ducks along the lakeshore proper were few except

along the shiore of the west end of the lake. The maJorlty of nesting : Y
sites for dabbling ducks were lbcated along the slow inflowing streams T »
' K . ' -/

in the east and west ends of the lakes arid in the area of sglall»pothbles

, o ~ Cr

just west of the lake. . v | . : N
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During the summer months diving dﬁcks were commonly sighted on
the lake. AAbundance was not exceptionally high. These diving ducké
were prinéipally goldeneyes (Buceplala cZan}d%aL lesser scaup (Aytrnya .
affinig) and éupf scoters (lelanitia perspictlliatal . Qf these species the
' golaeneye is a tree nester while thé'others are groundresters. As with
- -dabbling ducks, the best nestiné locations for these ducks _were along
the slow inflowing streams andtin the marshy areas west of the lake. . .
An attempé was made to estimate the nunbers of pairs of nesting
.
ducks in wvarious areas around the lake on the basis of obSefved densities
\;3} ducks in tbe Pe;cé-AthabascaiDelta area’(Peace—Athabasca Delta Project
Group, 1973, pp 64-67) for roughly similar habitats. Data on waterfowl
_habitat in the Pe;ce—AthabasCa Delta ére in terhs_oﬁ mi les of>lake shore-
line. In Kakisa, mugh wéterfo;l‘habitat is along slow-flowing streams
aﬂd equivélent-léke shoreline was estimated at twice the length of main-
stem streams.. The accuracy of such a conversion is quéstionable.‘ How-

4 - . .
ever, the estimation method seems preferable to a totally subjective

. approach.
N o, L ' ‘ ;
It is estimated (Table 27) that the Kakisa Lake area contains

approximately 300 paifs of nesting waterfowl of which apprbximately 857
: _ y T .

I

-

are &abblers:aﬁd 15% are divers.

An estimated;702 of the total duck population nests in the west

end of the ake’WhiChuaPPQars to' be the only suitable nesting habitat'ﬂﬂ,ﬁwﬁJ~~

w L

of.diving d Aand the preferred nesting habitat of dabblers.

\

Spoifed sandpipers,kdhigb are solftary birds, Weée1Well—disfributed”
qafound the léke and up ;Hé ihxgt.streams during sum$er @oﬁtﬁs. Th%;

fact fhat'khey'were everywheréuihtevidéncg ind}qateé high poﬁh{gbi&ns of

~ 7. nesting birds. vp._ ; ., ' " f . ) : | .”vkyfi

: ¢
. - . o . \ " .
. - a’ \ . .
- . . s
3 P IR
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A nesting colony of approx1mately 200 Callfornia gulls was- found

¢ a

about two miles up Tathlina River on a rock island in the middle of thel

river.

Late Sﬁmmer.and Fall

S .
Kakisa Lake received moderate to heavy use as i late summer and |

fall staging area.

~

Intensive duck activity.in'the‘Qu;ietlafealcomme?cea in eaxly
Augugt when one to two huﬁd;ed pinFails moved in~and fed‘hea;if? on Eﬁe
dense growths of pogamogetops. As thé season progressed,/bther dabbling
ducks moved .in‘,d no‘ti‘;}zly‘ mallard, teal, widgeon, and gadwall. With the®.

""advent of cold weatherriﬂ September, the.number of dabblinéiducks de-
creased, éndbthe nﬁmber of d%ying duéks inééea§ed.ﬁ Large numgers of
goldeneye were present in'Sépfeﬁber, numBer;ng“ahohé ?OCLat’their peék.

In add‘tioﬂ, small numbers of uhite—winged'(MeZanitta deglandi) and surf

scoters were present. There was also gairly_heavywduck activityAaro‘md

most of the inlet é;reams-aﬁd in the western end of the lake. Total

number of dycks using the -lake at &hy one time was not likely greater:

LN B4
2
4§

was impossible\ to estimate. - . L ‘ e

the spring and duration of.stay was longer. The: two‘p01nts én the wedt

end of the lake were the prtncipal areas .used by geese. Occasional flocks

. \ . N
were also sighted in the vicinity of‘pgskeg Rlver. Maxi mum number observed
3

at one time was ab ut. 100 Canada geese.- In aﬂditlon, 60 sniow geese (C%en

[

\
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The eastern end of Kakisa lake was heavily used by whistling

swans throughout most ot September. bwans were frequently observed along

S

i
the castern shore ot the ldke from Muskeg River to Rakisa River. Maximum

number observed  in one sighting was approximately 200.

Rare l'redatory Birds

« The Kakisa Lake darea had a highly visible population of bald
ceagles (rliacctud Louweoceraalus) and ospreys (Powlion haliavtus). Sight-

ings of both species were almost inevitable on any outing lasting more
than a couple of. hours. They appeared to frequeht ‘the ends of the lake
» s W» ™ T .

more than.the long shores.

Only one active nest of bald eagles was positively located, at

the site of thé old Indian village (Vig 1). Judging {rom frequency and
| ‘ \
spacing of sightings, we estimate that -the number of eagle nests around

the lake was probably five, and the probable number of osprey nests)was

three or four.

° Furbearers apd Small  Game

Beavers (Cagtor canauchsis)

. e
"~

Of the major furbearers beavers were most heavily dependent on

N

vegetation closely bordering Kakisa Lake. Each of the minot inlet

. .y , ‘
streams had a lodge near the lake. Each stream also had a secong lodge

at a.Qariable distance (usuéllyfiéks thay 1 mi (1.6 km)) upstream from the

first lodge. Six active lodges were logated below the 732 ft contour. to

, the west of thé lake and four to the east. Esgimated annual production
. 5 ,

of these 10" lodges would be 20 ; 30, based on the assumption that one

breeding pair per iodge would be able fo ‘raise 2 - 3 offspring through

the first two winters.

[} : “
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Several lodges were not counted, because thev did not appear to
be in use, but there were several areas of beavy heaver
s
sign where no lodges could be found, suggesting ‘hat bank burrows were
; 1 . ! : . . . ; ’ .
being used.  Thus our estimate of beaver pupulation v in the zone ot

t1ooding is likely conservative. Total population could conceivably be

as high as 20 to 25 adult pairs.

Snowshoe Hares (Lepus giericanus) ‘

There was very heavy sign ol snewshoe hare$ in the .low areas
around the east end of the lake. Kakisa villagers snared many hares in

the area for food and trap bait. There are no recent records of their
-’
fur being sold,

It is likely that the low willow vegetation west of the lake was
also heavily used by hares in winter.

lares reach high numbers about ¢ice each decade and the winter

of 1971-72 appears to have beéen such a peak vear (fuller, pers. comm.) .

, | - | AN

Lynx (Lynx Lyrx)

The principal areas for trapping l_\‘vnx were along ¢utljnes and

. ' ’
_east end rivers, well, above the zone of flooding.
. / , c

Tra"pp& success in j‘low—lying areas near the. lake was reported

to be low by native trappers. Since hares are practically the sole diet

2 .
. <y

of lynx in winter, it appeérs contradictory that lynx should appear
scarce in good hare habitat. It is quite possible that factors such as

trap-shyness, poor visibility of bait and presence of hares: springing’

u

lynx tgpapg adversely affected ‘trapping success in ‘low areas near the lake.

°

It appears certain that lynx must benefit from the hare habitat near the



-

<

lake, either by direct hunting or at least by the %hn&ing of surplus

y.

animals that wander out ot optimum hubitat.
A ]
N
Red squirrels (Jamiiwcciirie nuwort! cus)
: . : d?
\ The best habitat for red squirtrels is in mature white spruce areas.

Such areas’are rather limited in extent with;n the area to be affgcted_by
flooding. The major stand of white spr;cc lies in a narrow strip 200 to
500 feet wide and 20 mjlés\lgng along Lhe.no;th shore bf Kakisa Lake.

This area could support approximét&l§ OZOdsqu;rrels at an assumed dengity
of O.62I§quirrel§ per acre, the nmaximum sprihquenéity at dearl Lake,
~§6W:T. in 1968-69 (Zirul and Fuller, 1971). Umher areas iie in'theruﬁper_

e RS . . LR
© reaches of Muskeg and Little Rivers and. alohg the ‘banks of Tathlina and

.

‘

Kakisa Rivers. Of the latter sites, only the five mile stretch of‘white

spruce forest along the Kakisa River would be affected by flooding.. .

.
N

S

Marten and Mink (Msirtes dmelcwia and Yustela Dison)

We obtained no precise data on the distribufi of .martens and
mink.0 There may be a concentrationof martens close to the fake and its
streams because of the likg;ihood of high concentration of small mamﬁals

“(mice and squirrels) ip the productive habitats there. Burt and Gross-
heinder (1952) repofted that sgream'énd lake banks are the usual denning
habltats for mink.. In addition their dlét of small mammals, birds, eggs
and fish would favo% their conceﬁtratlon in the vicinity of the slow in-

flowing streamdg of kakisa Lake.
. Muskrats' (Ondatra éibeﬁhﬁﬁﬂgj" " : .

There were|

small areas of emdergent vegetation suitable for musk~
rats along Little %ivef‘and aléng Rivers 1, 2 and 3. Populagions in
N ’ g »

’ [y

i . . 3
N \
* Ny
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these areas were noi'exygptionallv high, a; evidenced by the infrequency
~of sighting of aﬁimalsi Extent of this river habitat is Approximately
8.6 linear miles. .Errington (1962, p 336-37) calculated spring popula-
Fions 0} 65 adu1t§ and fall populations of 245 adults and'juvenilg:\gor
a nine mile étfetch of Squaw Creek in central JTowa. It is likely that

. \ ~
Squéw Creek adult populations and rate of production of young would be

considerably higher than -those of Kakisa Lake, where climate is severe

and edaphic tonditions are less favorable.

N

Spruce Grousé (Canachites cariensic) .
ca L/ . v

The spruce grouse was the only upland game bird observed in the
vicinity of Kakisa Lake. Some grouse activitv was noted in mixed white'

. - N - .
Spruce areas near the mouth of Muskeg River. Spruce grouse were also

o

sighted on the south shore of the lake on the steep sidpes. It appears
» ' . .

likely that the north shore, with its dense white sprége growth near

shore, would also be sprucé grouse habitat, but no sightihgs were made to
€ P
.

confirm this. .

Big Game o

\

Moose (Alces alcés)

- :

Summer. mpose forage of aquatic vegetation is available in fairly
large quantities in the eastern and western ends of the lake, and in the
slow inflowing streams. Winter browse of willow'aad aspenxis abundantly

_available to the east and west of the lake up to an élqvétion of'appgoxi-

a

mately 734 ft (223.7 m). . ' : " . L

*

The land east of the lake was exténsively travelled in the early

spring (March - April) and little -or no sign of browsing activity could

-

N 9

¥
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be found, indicating that the moose population was low for the’quality of
|

the habitat. It uﬁpéars.that hunting pressure in areas around the lake

have reduced moose populat1ons to low levels. The Pcace-Athabasca Delta
Project (1973, PP, 74-176) rtported that averagg moose density on the délta
: . .2 . 2
in 1971 was 0.93 moose/mi” (0.24 moosc/km”) and maximum density was 5.1
2 2 } . < e . .
‘moose/mi” (1.97 moose/km” ). The low moose density was attriputed to heavy

@ unting pressure. They estimated that actual average carrying capacity

’

‘was approxlmatelv 6.5 mOOSO/ml (2.51 mooSe/km ).

At Kakisa lLake,. about 13 sq mi (33.7 km‘) of low-lying habitat.
below elevation 734 ft (223.7 m) couyld be classified as good moose habi-

. ; 2 . * . 'n
tat.» In addition 1 - 2 mi® of low-lving Kakisa River delta areca could
e, . - [ § , R .
probably be classificed as excellent habitat. If it is assumed that hunt-
o ‘ R
o

ing pressure and habitat conditior® in the optimum areas around Kakisa

v

Lake are roughly cquivalenL to- average conditions on the Pedce-Athabasca
»delta, %Bg present moose populat1on for approx1maq}1y 15 m1 (39 km ) of
good Kakisa habitat could be estimated to *have an actual “moose. population

°

of 14 and a tential populatidn of 98 moose.

‘Bears and Woldes (Vrous americaruc .and Canis lurus)
. *' B \

N -

Bear tracks were cbmmonly"sighted on lake Hspches and élong banks

-of streams. Two Sightings were made_by our field party, one on themgouth’
shore of the lake and one‘qn.thélsbdth bank of the Muskeg River. - .

‘7 One femaig bear and her cubs, wergshot by a villager in-the *Muskeg

River area. "A beaf”freqpently visited tﬁglcamping site at‘Lady Eyelyn

. a . ® <X

Falls. - . . ~. ‘ . .

. .
. . <
: X @

Commerc1a1 fishing on Kakisa Lake doubtiess attragts bears to the

. s e
atea,since thousgnds of pqunds_of.pike and suckers are disgarded in %gdl—
{ tion to sgveral”thdusand:pounds’pf walleye entrails.

,\n__
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)

Wolf ®tracks were commonly seen on the north shore sand beaches

l\ )

1 .
but no animals were sighted.

Trapping Records

Trapping records for the years 1969 to 1972 are presented in

Table 28. It should be noted that the 1972 figures are incomplete and

. -

do not include beavers éhot in the spring which ﬁopmally add significantly
to the total. It can be seen that trapping effort ﬁas‘been quite con-
sistent'frﬁm year tc year; On a three>year'total, lynx was the major
economic speclies, followed by beaver and mink. Marten was a digtant
fourth. All ofhe; species combined accounted for about $400.60, less
than 5% of the toral. : -

The relative importance of the three major furbeargrs varied
from year to year. The importance of lyrx is probably reiated to the
preéentohigh price of épqtted.cat fur and.possibiyvto a cyclica} high in. -
the’lynx populatien. 05 a long-term basis, peavér probably proﬁuces a
larger ingome than»}ynx.

Of the ;pproximately $3,000 wdrth of furs that déré traded each
year, it is unlikely that more thanxde of the fu;s came from the im-
mediate Kakisa Lake area. .

Most traplines extended many miles from the lake. In addition,

significant amounts of furs were taken from the Tathlina Lake area. How~r

¥ ’

ever, considerable-effort was expended by nearby traplines.s Moreover,

these heagby traplines tended to be maintained by older viSlagers
were unable to cover the long distances required to maintain t
.and more lucrative traplines.

7 N . o

o



Hunman teology

The lifestvle of the Kakina villagers is intimately tied to the
biological resources of a layge geographical area extending over more
than two-thirds of the Kakisa River watershed. This area includes Tath-

lina lake and its inlet streams, Kakisa Lake and its inlet streams and
o
Kakisa River down to Beaver Lake. 1
’ ‘ i
Fishing on both Kakisa and Tathlina Lakes is the mainstay of the

[ 4
village economy and the chief source of cash income. Trapping is an im-
“

pertant supplementary form of income. Land use patterns tend to follow

. . . .. . TN
a pattern which is repeated annuallv with a limited amount of variation.
In mid-winter, a limited ice fishery at the mouth of Tathlina

River on Kakisa Lake sustains dogs in the village and provides a small

cash.income. At that time there is.also a limited ice fishery on Tathlina.

A

Lake in the main inlet river region, as well as considerable trapping and i

huntiﬁg along the streams running into Tathlina Lake. There is trapping-

.

activity in the Kakisa Lake area, principally along Tathlina, Kakisa,

’

‘Muskeg and Little Rivers, and along various cutlines. Most trapping

1 .
L

activity radiates from the eastérn half of the lake. Dogsleds are the only

-
’

means of transportation used by natives in the winter. Some 70 dogs are
: )

maintained in the village year round for winter transportation. Théy

[

necessitate a fairly @onstant level of fishing and drying of fish on the
part of the villagers. The white villagers, all members of one family,
are fully mechanized, and maintain no slqd dogs.

Just before breakup<there are strong movements of walleye into

spawning'areas. At that’pime, native villagers.mOVé their Kakisa Lake N

fishing operations from the mouth of Tathlina River to the mouth of




and fishing activity is greatl& feduced'pntil about mid-September:

62

Mu;keg River. Simultaneously .there is intensified jce fishing effort at
the main “inlet to Taﬁhlina Lake by both white and native fishermen.
Spriﬁg ice fishing in Tathlina Lake is lhcratiQe but of short duration.
When planes can no long ? land on the ice, ot the ice is unsa?% for
large snowmobiles, the entire operation is agandoned, and all fishing
effort reverts to Kakisa Lake.
Muskeg Ri;er is fished until it #s possible to traverse the lake
by boat to Tathlina River at which time most villagers, native and white,
become involved in intensive'fishiﬁg in the vicinify'of'the Tathlina river-
mouth area and continue until the limit of 41,000 pounds 5f walleye is reached
On&é spfing fishing is over, there is traditionally a.spring‘hﬁnt

up Tathlina River to Tathlina Lake. Dufing the sjip upstream, beavers

are shot. On Tathlina Lake geese and ducks are shot and moose is hunted

for a summer meat supply. Additional beavers are shot on tﬁe inlet streams
of Tathling Lake. The .hunt generally lasts for 6 weeks. This year was
the first -year that the spring hunt was ﬁbt Qndertaken for reasons not
yet clear.
After thé spring fishing (ané normally the spring hunt), huﬁting;v\/ .

1

Throughout summer, spéradic hunting takes place and only sufficient fish °

~ A

-

are caught to maintain the dogs.
In fall, hunting activity increases. Geese and moose are sought
in the west end of the lake.  In mid-September, some men move down “to the

mouth of Kakisa River near Beaver Lake, catch up to 20,000 .pounds of

spawning whitefigsh for winter dég food and shoot large numbers of ducks ot

-.-and geese for themselves. A ' .

3
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+

The whitéfish are dried in}permanent buildings located about 2
miles upstream from Beaver Lake. The fish are st;red in these smoke-
houses,”and the villagers m@ke periodic trips by dogsléd'during winter
to replenish the;r dog food supply.

In late fall some villagers return to Tathlina Lake to fish

through the ice for walleye near the inlet stream. Some oVerwinter at

téﬁf’ fish and hunt. The quota for walleye on Tathlina Lake

70,000 pouﬁgg. The proportion of the quota remo?%d during fall varies

om year to ykar. Some years it is the major proportion, other years it

+

ay be a very gmall proportion. A large proportion of the Tathlina quota
.is takenaby whiﬁe fishermen. 4

kakisa villagers engégé_in a limited amount obf outside work dur-
ing_the quiet summer period. OUne man has a fpll—time outside occupation

while the remainder work sporadically as casual laborefé,'firefighters,

commercial fishermen on Great Slave, brush cutters, chainmen or heavy

+

equipment 6perators.
The way of life of Kakisa villagers is largely centered on tradi-

tional occupations of fishing, hunting and trapping, which appear -to

N

éppply adequately the basic necessities. Some adaptations of this way of

€« . ¢

life to a cash ecpnomy bfve been made.

b

Ng shortage of food or serious. health problems were observed.

‘The only major input of federal social assistance has been provision of

.building materials ana technical assistance in constructing tbe‘cabins
., : .
occupying the present site. On a conpinuing basis, there have been no

major inputs of welfare money other-téan normal social security programs

available to all Canadian citizens. Collection of weifaré?money'by able-
. -

bodied men has been, at most, a rare occurrence.

[
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f> The impact of Kakisa Village on the natural environment, exploited
by the ngtive people, has been ‘minimal. The only noticeable effect is

a localized séarcity of moose near Kakisa Lake. The minimal damage to

the natupal environment and the compératively high standard at which ché
people of'Kakisa have been éble to support themselves is no doubt due to

R * _ ,
the large area of natural environment utilized and to the rotational

' .manner of this utilization. Moreover, the population of the village has

. hand derive the major portion of thelr llvé”lihoods fromh’aphﬂna Lake.
. . . . . . '

been stable for several decades. Native population of the village now

stands at 43. This has.no doubt béen an instrumental factor in the over-

¢

all egpnomic success of the wommunity. . .

A fact sheet (Table 29) of social and economic information related
to land uS»x\ by the residents of the Kakisa area has been included, It

should be emphadized that the values listed fZB presently used fishing,

hunting and trapping resources are gross values. No attempt has been

“made to estimate the considerable ‘expenses invplved in.brocuring and ship-

-

ping these biglogicai resources. In many cases these expenses may exceed
S . . r

half the value of the resource.

It should be noted that large quantities of- fish.and game are

a - A

derived from the immediate environment for food. Itslvalue,when calcu-

lated on the basis of the value of equivalent purchased supplies, 1is

v

consideerle. ,

‘Another point that should be noted is that native péople gain

considerably greater-econOmic 1ivelﬂod from the Kakisa Lake environment
L J : .
than ftom the Tathlina Lake environment. White villagers, on the other, .

- -

. , . N
. . ~ . N .
. . L
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PROBABLE ENVIRONMENTAIL EFFECTS OF

HYDRO DEVLLOPMENT

Ceneral -

It should be understood from the outset that almoét any hydro
development causes some net reduction in existing biological- assets
(c.f.‘Cucr?ier, 1954; Rawgon,l958; Stube, 1958; Miller and Paetz, 1959;
Grimas, 1961, 1962, 1964, 1?65; Neel, 1993; Runnstrom, 1964; Nilsson,
1964; Nelson 1965). Therefore any environmenﬁal assessrient tends to
read negatively. The reader should not constrﬁe Fhis a§~i_igihe judge-
ment on the Qritgr's part as to the overdll merits -of the develobment.
The value judgement thét must be nade is not whether a“proposed project

would be environmentally beneficial, but whether ctanges in the n;tural

environment would not be so great as to negdte the positive economic
. . .
- -

benefits of the project.

“Basig of Assessment

Y : : - :
The assessment of epvironmental effects is basgg on a graph

N

(Fig .14), subpiied by Underwood, McLellan aﬁa\Associates, which shows

N\

Kakisa Lake water levels from 1962 to l9f2, Three separate water level

o

regimes, designated as lines A, B, and C, have been drawn on Fig 14.

SN

Line A indicates estimated naturally occurring water levels for tle

) / - . -
period of record. Lines B and C indicate water level regimes’ that would
L]

have occurred if the lake had been developed for 6 agd 8 ft (1.83 and

@

2:57?0 of live gtorage, respectively, during Lhe pgrfuq of rec@rd.

2

For purposes of brevity of description, the obtion of "no development"

will Fe designated as Scheme A, the option of development of 6 ft of

’

f ! . N ~
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storage" as Scheme B and the option of "development of 8§ ft of storage”

as Scheme C. The remainderrof this thesis will deal with the physical

S b
and biological differences among the three options. Predictions of

possible effects of deveiopment will be based on the writer's assessment

~

of what would have: happened with Schemes B and C over the period of

©

record.

The lines B and C on Fig 14 are based on the assumption that e

a firm flow of 1500 cfs would be passed downriverkfroT’May 1 té'Septem—
ber 1, and that a firm flow of 1250 cf§ would-be passed during the other
8 months of\the year. ReserVOir.Qater levels have b;en established by
uging a rating curve of ouéflp& vs. lake level in:conjunctipn with flow
records from the Watér Survey ;f Canada métériﬂg station on Kakisa

. . EA
River. The rating curve, upon which\estimates of lake levels are based,

was established for a narrow range of water levels and flows during the

. ) i»
summer of 1972, and could be substantiallv in error for high flows

- ‘ N . .
(C. Anderson, UMA,kPersonal Communication). Moreover, the rating cur

Y
\

prbbably varies from year t0 vear in response to annual di‘re&é in

. the pattern of weed growth in the outlet area.

The writer has no alternative but to assume that all information
I . .

A

éupplied'by otheﬁﬂyyurces is cor%ec;, and that reservoir operation wili
. Sé carried out exactly as described, Any changes in operation or éfro%s

in‘iﬁformation supplied could significantly alter predictions of’likely

“environmental effects. Therefore, any sucﬁ changes would require ‘

re-evalyation of the environmental effects of development,

In tﬁé_dféﬁuésioﬂ that follows and in the accompanying figures .
PR

o
’ 1)

and tables, use will be made of the coggepts of both mean and median

values to descripe water levels and water level differences. The mean

A .
. f !

- ‘ -
R )r; . . . N <

(‘" ' . A ¢

@ X _ O LY
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2

is simply the arithmetic average of all obig}vations for the period of

record. The median value is here defined as the fourth highest value
] - . '

of the 8 vear period of complete records (i.e. 4 out of "8 values are

less than or equal to the median).  Since means and medians convey slightly

different meariings, especially when the data are strongly biased in

- either the high or low direction, both statistics are used for the sake

of completeness.

>
-

¢

Differences among Hgter Level Regimes for

Schemes A, B and C

Fig 15 shows frequencies of occurrence of water levels for each
scheme for each month of the period of record. It can be seen tlat

. - . . el .
regulation results in an upward shift in a range of water levels rather

than a discrete change in water levels. The overlap of frequencies of ~

‘ o

occurrence of water levels is quité strong between Scheme A and Scheme B.
It is also quite strohg betweeh Scheme B arrd Scheme C. However, théré
is very littlé overlap between Scheme A and Scheme C.

Table 30 sﬁows that’thére are only very small digferences in

annual water lev fluctuation among SchemésAA, B and C. "~ Average annual

flucguations are 4.2, 4.1 and 4.3 ft (1.28, 1.25 and 1.31 m) and;méximum

J ;nthdl fluc;uatiohs are 5.5, 5.3 and 6.2 ft (1.68, 1.62 and 1.89 m) for

v

€s A, B and C, respectively.
R} . ..

4

However, timing of’water level fluctuation is substantially -

1 )

., different in unregulated and régulated schemes. In regulated schemes,

s Xhe raﬁp of water level drop in summer is reduced, whereas the aﬁount

of water drop in fall and winter is"incnea'sed.'wése relatioﬁships are
\ ' Y

-

shown in Tables 31 and 32.

S




Average drawdowns (Table 31) of 2.3, 3.3 apd 3.3 ft (0.71, 1.01
and 1.01 m) occur for Schemes A; B and (, respectively, for4the“period

between August 1 (time of makimum extent. of rooted aquatic vegetation)

r//

and the>sprihg low. Although the differencés in average drawdown among .
the three schemes arg quite small, differences in maximum-drawdown for
the period of record can Bevsomewhat.larger. Maximum drawdowns 7re

3.1, 4.8 and 5.2 ft (0.96, 1.46 and 1.59 m) for Schemes A, B and C;

respectively.

F

Average drawdowns (Table 32) of l.é,-B.l and 3.2 ft’(0.56, 0.96

and 0.98 m) occur for Schemcs'A, B nnd;C, réspectively, for the period
{
3 .
between October 1 (time of fall spawnlng) and < e spring low. Maximum
drawdowns are 2.6, 4.2 and 4.1 'ff '(0.79, 1.28 and 1.25 m) for Schemes A,

ﬁ and C, respecti&ely. ' - _ . \

The amount of fluctuatlon of water legfl th\t occurs and the
timing of fluctuatlon profoundly affect biological processes in the lake
®8f particular importance are the effeets'of waterﬁirvel fluctuations on
aquatic and terrestrial vegetation and'dpoa fish ;ﬁa wildlife which
wi\ll be discussed i: @ter sections.- SR

Actual water 1eVels that occuf are at least as important bio-

loglcally as. the ampunt of flﬂctuatlon in theSe levels. Duration for

\
o .

which wdater levels occur and the tlmlng of thelr ‘occurrences are- the

e

-most critical aspects ef water levels. Mid and later summer water 1evels

&
P

are especially 1mportant for both aquatic .and terrestrial vegetation..

¢ - ]

Spring minima and max1ma are important figheries and w1ld11fe considera-

tionsq . !

4 . P ?
. '

FigilG_and Table 33 show the differences in water levels among

the three schemes of develoﬁment. .In June Scheme B and C have water

°

8,
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Tevels which averase 0.6 and 200 tt (0.18 and 0.64 w) hi"h(‘r, respectively,

o
Pl

than the average for Scheme A In Julyv the figures are 1.7 5and 3.2 ft
(052 and 094 m) in Aupust 2.1 and 3.5 bt (0.64 and 1.07 m) and in

September 2.0 afad 3.5 te (0061 and 1.07 m) .  Thus, It cdn be scen that
/s . v .
the ditferences between revulated and unregulated schemes hecome larger
as the growing scason progresses, while differences between the two  #7
A

regulated schemes remain approximatelv constant throughout the yrowing

[l

“
—_—
sSeason. :

Table 34 shows the difforences in water levels among, Schemes A,
B and C.in arvear (1965) vhen dilferchees among the schemes were quite
.// \
pronounced.  Differences between reyulated and unregulated cases areg
~ . ) .
substant ial 1w higher than for the averase veary and the difference

A

between Schemes B oard € is oa condtant 2 {1t (0.61 m) throughout the

summer, A vilue whith approximates the maximum possible difference be-
. .

“tween these two schemes.

. S

Land to *u ';I‘l‘ld,?',‘j,

s ' it
Contour maps supplied by Underwood, Mcle I-'lanwand Associate 1nd1—
‘ ? . ' - A .
cate exténsive flooding of rigerbank and shorelina vewetation in the
o . T [ ; :

-

Wcste!}ri end of' tf]m) lake when lake water levet rnacheg 7')8 ft (”21 89 m) .

Fig 14, als\o supplied by Underwood, \1cl,ell‘and ‘and Associates, shoi\zs the

(A

-pe%k 1972 water‘lqvgl go be 728 f¢t. Thereforb3'aécprding to this graph ‘

thore Should have been noticeablo_flhoding in tbe west end at th time

of max1mum levels..,But the area QQE examined bv fleld partfes on Une 21

L. . N ’
~

when lake. level was at or near its 1972 peak aqcording to Jthe recordingl

3 - N

flow meter qn Kaklsa River,. and the wést end streams’were/found‘to be .

Celet - - v, foot

’

bank—full but not flooding. This dlsc;gpancv‘was broughﬁ tos the attent1on

L . ' . B ]
. P .
£, 1
\ . w oy, .
. T R | { . ' '
. oa, 14 -
. S v ~ { .
N o, )
N I
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of the above enpineerine firw, and the contour maps ¢f the west end were

checked for accuracy.  This check indicated that there were no signifi-

)

cant mapping errors, so it can onlv be concluded that the water levegl
.

vs. outflow graph (Fig 14) for Hakisa id significantly in error, and

that it gives values that overestimate maximum historical lake levels

bv at least a foot. Ingveiw of this, it would appear that the histori-

-

cal maximum lake level of 72904 to (222.32 m) is somewhat in error and
mavy give an overlv optimistic,.picture of the nbilify of the low-1lying
. .
terrestrial vvgctatiun@tm endure tlooding .
1

In anv ¢vent, there is no gvidence of damage to terrestrial

willow and aspen veevetation duc fo the high water lavels of 1962, Hay
. . : . ‘
River records indicate that 19648, a8 the lawest of four consecutive
. '
> "

years (1‘)60—6'3) ol high rnintilll (¢C. Anderson, U.M.A. Personal Communi-

cation) . Therefore, it is likelv that similar high7vnrly summer water

.
levels occurred in theé other three vears, although no record exists.
P :

It shﬁkﬂd Be noted, however, that high water levels occur for a longet

period of the growing season under Schemes B and € Lhan‘yndcr Scheme A.
]
k)

Under natural conditions, high water lovels Bre almost always followed

by a strong receding trend which allows the root svstem of flooded trees -
.

to recover from the adverse effects of spring flooding.

Table 35 gives a preahdown_éf the area ant location of lands  j

' .

- . = Y -
that would pe affected by ragsed wat ralevelsnunder Scheme C. Lands .

JON e t
- ~ R A b : .
below elevation 732 ft (223.11 m).@bpld'ﬁe subjected to the direct effects
. . ‘ » . 4 .

of;floodiﬁg and wave action. 3These'léﬁds amotint to 8.78 mi2 (22.74'km2)l

" Lands between 732 and 734 ft (223.11 and 223.72 m) would be subject to

- @‘ X oy,

varying amounts of wave action and: to fhe effeéts of raised water table.
; B ‘% L ‘;'.

. +* . : R . ) -

Total agzea of:land in thisicon;our %nterval,is 4.21 .mi2 (10.90 kyz);

y ’
. - :
- [N ] ..
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It should'bv notvd.ghat ﬂ?o,grvntcs} arca of . land dffectod by'
raised unlvr levels wéu?d BQ to the west of the iakc. The east shore
would b(: the second most ;{ffk‘ct(*d area. 1110 north shore would \{nd(*rgo
a mu(“.h smaller (mmun‘t of tlooding in terms 6f ui‘vn, .but in terms of
lincar mileg flooding effects would he suhstantia?ﬁﬁ‘The low—dfing river-
mo@th of Tathlina River would be hva?ilv flooded. The 10né south Shoxe’
of the lake would undergo negligible flooding because bf'its steeply
slbping shores.

The amount of direct tlooding with Scheme B would be proportion-

1
.

‘ B . /
ately legss than for Scheme . Actual tlooding of tcrrogarial habftat

-

would not start to occur unmtil some elevation between 726 and 728 ft
(221.28 and 221.89 m) wps reached. The zone subjected .to water table

and wave-action effoﬁt§'woulﬂ be at teast as large for Scheme 8 as for

.

Scheme C, since the,arca-be(wcfﬁ khé 7?6 and 731 .f¢ (272.19 and 222.89 m)
contours islﬁt 1eaSl‘agzlnfée as that betweéh ;%é 731 ghd 773 fr (222:80.~
and 223.42 %) épntouhs. Ex5v£‘figun;s ;rc‘;otvnyai¥ah1&, sinco,rhg map- '
ping is ;n ZR%t (0.61 m) inifcvalﬁ.‘

i , ..

. ' S \
S ©  <#opography ‘and Ceomorphology
L T - 3 \ ’

Shoreline Erosion

¢

‘\ Along the exposed norbhern shore, . it 1s reasvnab}e to~e§pect
H " i .

that ‘the effects of’ wave erosioh should extend to a least 2 ft (0.61 m)

- . .

» ‘ : 9 . '

“above fult supply level ‘ : e : .

Since maJor sqil develqpment Qtartq at the tree line at approxl-

v -
- M v

mately elevation 129. 5 ft (222 35 m), it follows that Scheme B, Vlth as ﬂ

.full supply level of . 729 2 ft (222 26 m) would have a minimum zone of

A

erosion of 1.7 ft (0. 52 HQ between*elevatlons 729 5 and 731.2 ft (222 15

-~ . P .. N i
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. ’» v
//// and 222.86 m) whereas Scheme €, with a full %supplv level of 731.2 ft

(222.86), would have a minimum zone of crosion of 3.7 ft (1.13 m) between
elevations 729.5 and 733.2 tt (222,35 and 2273.48 f).

The south shore, with its steep, boudlder shores and almost total

o

lack of soil development below e¢levation 733.2 ft, should experience
only negligible erosion.,, : : .

The west shore of the lake might be quite well-protected from

i

Wave Yrosion, in view of _Zhe fact that it 1s sheltéred by sandbars.
i

| . . R - '
. Moreoqor, the wide flat expanse of the arcas’ to be flooded might cffed-
‘ A
! , . :
tively dissipate wave actign, by producing considerable bottom drag on

incoming waves. In addition, aquatic and emergent vegetation might pro-

vide a further dampening effect on waves approaching. shore. Ice erosion

-

might prove a more significant erosive force than wave-action in the

west end of the lake. Areas which, under natural conditions, are never
. A ‘ ‘ .
flooded at the time of freeze-up, would usenerally be covered with a

% thick ice sheet in winter under Schemes B and €. As thé water level

¢ \ *'
was lowered during the winter, this ice sheet would come in contact

with the entire area of the flooded lamNy.. Soil ¢duld adhere to” the
. : A

loyer ~surface of the ice shéet and could be removed and'franspprted\into

the lake ﬁystem when the iee floated up in the spring. Thermokarst
. R ( : . _
subsidence would occur in the west end of the'lake.if the patterned

groupd- obsetrvable in the area to be flooded represents active permafrost

.

a manifestation of an earlier permafrost occutTence.

--and is not just
. . * v, @ ——' . L .
-Finally, there ig a.possibility that floating peat islands, fromkareas

. - e .
[ - . .

. '*ofwfiéating sédge bogs -and” muskegs, could break lqbse as the result of

. e . .
. - .

"~ . the Bouyant effect of raised water levels, - O -
’ . T " .('_ ’\,- I -
b A 1 .
B . hd R - . . .
. . ) Yoo R i R . .
: - . o i
. Ve PN . h .
; - ) ‘
kY ‘l :
I : ._ ey . .
. . - ¢ '- - ™
- l‘-‘ . .
\ . - . -
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It would appear that crosional effects in the west end would

be more severe under Scheme ¢ than under Scheme B, With the higher

water levels of Schemd €, sandbjrs, aquatic weedbeds, emergent weedbeds

<

and bottom drag would provide less protection from wave action to flooded .

! - 1N
Tands near the present shoreline than thev would with Scheme B, In P

addition Scheme C would expose a4 much greater area of land than Scheme B

to the special erosional effects previonsly ment ioned.
, !

.
.

The eastern shore of the lake would seem to present an erosional -

situation intermediate between that occurring alone the north, shore and .

that occurring in the west end.  Uftects of wave-action should be less
.

than thev would be along the north store because of “the dissipating

effects of a flatter-sloping shore.  ilowever wave-action should be con- .

‘.

siderablyv more scevert than in the protected west end. The effects of

ic%—erosion should be more severe than in thg west end because of greater

exposure to wave-action during breakup. )mere should be onlv Timited

possibilities for. thermokarst activity and the breaking lgose of peat,,

. » ) ‘ . y
. . )

~ floating is)ands, since areas susceptible to these types of prucessea. -

are uncommon on the castern shore of the lake. ‘ s o ‘
’ ] " '

) : : . . A
. y, In all parts of the lake, the effect of ice erosion may be ‘some-

’

- what Teduced if significant melting of shore ice dccurs prior to a major
L4 : -

P . -~
*

\ rise in lake®level.- Haowever, erosive effects of ice|push, caused by .
. ; S

-

*a

T

. S

thermal..expansion of ice prior to major thawing, Shﬁq&d occur in all .

-years. . , ’ "

1

L}

Morphodogical Changes -in Lake Basin g .
T . i - [ 3 - :
. " ‘. . - o

i
»
3
: e
' y . . A c Ty .
. - ' Rafised water levels would radically alter the rel&tiye egntribu--
‘ oL ST ; . woo

. tions of.the various depth~zones to the total lake.area. jReasons for.¥ﬂ

/. -
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N

A\

thisTch two-fold., The lake bottom near “the eastern shong\of the lake

is fairlv stceplv—shqwfsg«buVv clevation 722 ft (220.06 m) adnd is very
gently-sloping below thXt clevation.  As-a result, regions @pmediately

below elevation 722 represent a major portion qQf the total lake %}éé.

The situation is illustrated graphically in- Fig 17 and 18 in five typi-

.

cal profites of the castern shore of the lake (Sections AA to EE).  In

“‘transition zone nedr shore is quite narrow and is fgsignificant in
Y . * .

the west end of the lake virtually the entire lake bottom of the shallow
water area is at an elevation of approximately 720 ft (219.45 m). The
terms of percentage oﬂ the entire lake nroq‘ The situation in the west

end of the lake is.depicted graphically in Fig 18 in three tyﬁicay pro—

.
r

files (Sections FF to HH).
Along the north and south shores of the lake the transition from
shore to a depth of 4 m-(13.10 ft) is fairly abrupt. The contribution

pf these ageas fo- the shallow zones of the lake is small compared with

that made by the dastern and westerh ends of the lgke.

. . ' 3

)

also causes a decrease in th§ 3 - 4 m (9.75 - 13.10 ft) zone as the <=l

*i?esult of a large'gart of this zone becoming part of fhe_& - 5m

. _ ¢ . .
Changes in lake morphology resulting from Schemes B and C for
. , , . i '
the August 1 median water level are shown in Table 36. Fox Scheme B
R Y : .

’ ' . . N
ihere is a significant decrease in the arca of the 1 ¢ 2 m $3128 - 6.55
ft) zone, mostly becausé‘the entire Qeétern.part of the lake bepomes .
included in the-deeper 2 -~ 3 m (6.55.-'9.75 ft) zone. Part of the dé- ;

: L
crease is also acc0pntable to an upward shift onvthe more steeply- .

sloping part of the eastern shore. This upward shift in water levels

iod

B . ' .
S . : ]

-
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zone, as the entire zone in the cast end becomes confined to the steeply-
A} ‘ ' R

sloping part of the shore. There is a further decrease in the 2 - 3 m ) Py
and 3 - 4 m zones as a result ot the upward shift of depth zones on the
eastern shore. There is o signiticant increase in the 0 -~ 1 m (0 -

3723 fi)znnc as “the result of the flooding of largé arcas of terrestrial
habi L‘a t..

f; The morphological situation for the more extreme case Of 1965
is depicted in Table 37. IL“can he seen: that Scheme B in that year;would
have resulted iﬁ a situation similar to Scheme C in the median §car. Ic is

ot } .

also “dFéWUrthQ that the change of water level from 729.2 to 731.2 ft
(222.26 to 222.86 m) from Schcmé 3 to Scheme C in 1965 would cause con-
side;ably less additiougl morphological change Lhan‘does‘the change\from ‘.‘
728.0 L0‘729.9Aft (2é1.89 to 222.47 m)-%rom Scheme B FO Schéme € in

. .

the median vear.

—
{ ,_ = . : y

Morphologfcal Changes .in Streans —

o

~ -
- .

Id - . -
.The normal variations in depth of streams just adjacent to the -

.
*

lake are Ahdwn in Fig 19. Ik the minor inflowing streams, the gradient

0y
-

A

neatr the lake iénhog}ow that lake levels influence river depths for

distances wh@éh asually exceed @lmile. Thus, lake gevel has a strong

. . L .
¥ ~ - . M

AR v

effect on river processe¢s in these reaches.

’

Schemes involving raised water levels would obviously haye the

effect of deepehing'redches.oﬁ streams within the zones influenced by %

* Y

raised water levels. 'Figs 20 and 21 give minimum, median ahd mi§imum Lo

T by ]
T

depths for all streams (nea; the lake) for June 15 and,August:ii? rgsﬁec&.

tively,fﬁér,the periadjdf record. It can be seen that the deepening

- L]

-

effect‘is leés mérked‘on June 15; when natural levels are high;'than_on'
. y . 4 ; , ‘ o

>

PR ,

" August 15 when natural 1evels.areAnormélly mhcﬁ_loWer than regulated levels. .,

N . ~ .
hd . . t .

, .
NN P - S

w— . » . . -~



The deepening of streams should bring about decreases in velocity

-

in the reaches adjacent to the lake. If it is assumed that the river
channels are roughly rectangular and that the flow would be contained
within existing river banks, the velocity after regulation would be

roughly equal to

depth without regulation
depth with regulatdion

. . L]

x velocity without regulation

The implication of lowered velocity is that finer particles than

ol - SN
are presently deposited, would scttle out on stream beds within the zone
. /

of influence of raised water levels.

0 N
There is no quantitative data on silt loads and stream flows

A

presently available ﬁhatvwould allow reasonably accurate predictions of ’
the siltation processes to be gxpected.s lNowever, qualitatively, it appears
that omnly Tathlina gkyor, Hdsko"kiver"and'possibly Little River carry .o

~appreciable quantities of suspended particles. Nothing is known of their

/ v
ped loads. .

With higher water levels deltaic deposition should occur further
' '
upstrédam in the rivermouth of Tathlina and Muskeg Rivers.

F ) ’ . . . ' .
Summer deposition of fine materials in Tathlina “nd Muskeg Rivers

'proper shculd ‘also increase. It Qduld still appear likely that much of .

the finest matetlal would E% scoured during hlgh sprlng flows, eveh with

fd » . s

-slightly ralsed water "levels.. Nevertheless, some con51derat10n of\eiltatlon

phenomena sh0u1d he made, especially for Muskeg River, a ma)o!lﬁpaWnlng

stream, where gravel su1tab111ty appears to he only marglnally ‘adequate and

&

qhere most spawnlng areas- fall within the sphere of lnfluénce of laka 1evefs.

3

- “q

Kaklsa leer would undergo the most s1gn1ficant changes of anx\of,

. L.

LN

ected by'raised water levels. %Pter depth Juscf bove the

b
. N B -
,4. - . . : .
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{
mean depth of approximately 4 ft (1.2 m). Such an increase in depth would

re

. S . . 2
result in velocitics above the dam being roughly one fifreenth of naturally-

occurring velocities. Lowercd velocities above the dam should result in
greatly clarified

relatively heavy siltation upstrean of the dam and a
This clarified flow would theoretically

river flow downstream of the dam.
have a high PUtL‘n\iul for accelerating downstream erosion. However, peak
- .

rates ugder regulation would be much lower than natural peaks. There-
-

flow
this erosive potential should not be realized under normal plant

fore
operation.
_ . vegettion
¢ ‘ .
AY
‘ [ 4
level fluctud

‘Aquatic Vegetation in Kakisa Lake

Morphology of the littoral zone, overwinter water
the chief factors

'

1

tions, sub%tratc type and wave ¢xposure are pestulated as

governing the distribution of aquatic vegetation in Kakisa Lake.
-,
R , \
Prioms, lake ice and drop of water level

. -
1

Fvenjunder fdatural cond
patt¢rn of growth of aquatic

. ‘5*,‘.\ PR
over winteftTﬂy significantly influence the
B ' o |
. o o
’

N
'

"vegetation..
: Quennerstedt (1958) has showa that the upper limit of aquatic
. . . .7; . . Aa ]
vegetation in;natural and*reguiated Sw%gish lakes corresponds very closely
. R ‘ o N
- ‘ ' D= .
with the lowest winter water level. TIn lakes with Varge overwinter drops

eliminaﬁ%d.

»

{
én lake 1?ve1, the zone is reduced or
In Kakysa Lakey the averééﬁ.drdwddwn for thé years of record from
\ - . s

.the peak of aqdatic vegetation aroupd August to the spring low is about
ce o 8% )

o

T 2.3 fe (oo my .
the- lake in winter. Thus an average of 5.3 ft «(1.62 m) of littoral ‘zone .
! .. ‘
. is normally subjected t®.severe conditions of cold and deSiccation..” .
Lo X - . . . . )
. ",v.";‘%&_if o . L. L »
. N . Oy ) A ‘ |
ot N .« ] ) s . ‘
. . . ) . ) ’
@ Ce REIE S .
S H Y . . '
+ .

In addition approximately 3 ft (0.92 m) <’;’Lce ‘férms on
' r
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McAtee (1939) attested to the ability of seedy of [?ii@?ﬂh‘fﬁﬁ

g, o

/,

to endure freezing and desiccation.  Sculthorpe (1967, p 346) stated P
that winter buds and tubers, while dornant, show a.certain resistance

to adverse conditions, which is endowed by their mucilaginous covering
. ¥
rd

or protective scale-like leaves, but since thev lack any hard, thick

v

impermeable coat, this resistance is undoubtedlv limited. It is, there-

fore, likely that only sceds yanld be able to survive in the zone above

.

the .lowest annual elevation of the bottom of the ice sheet. Since -

o . ‘ - : i
¢ winter buds and tubers arce a much nore vffjcicnt means of propagation
. . o

- . . A » -
than seeds, it is hypotherized that the major zane*of propagation of
AN . oo
- .

o .
Potaroucton species 1s below the minimum spring eleyation of the bottom

-

LY o ' ) - - . =
surface of the ice sheet. Growth of aquatics in shallow areay is prob-

. : . A -
ably more the result of gprowth from perenniating stock than of gro th

'~ P

,-

X c of new plants f‘mxsecd. ’ ¢ ‘ - : <
- .
The average 1u(rcaso in water level drop from Augusi 1 (the time
¢ 2 -
of maximum extent offaquatic vegetation) to the spring minimum is ondy ¢ .
. 5 o . 'C'. N )
one foot greater f6r the Schemes B and C than'fog Scheme A. An extra ’ ’
2 ) - N
foot of drop would decrease the pereﬂniatlng stock of rooted aquatlcs e

" e but would by no means ellmlna 1p AAqrodﬂhm&on in the area of peren—

= nlatlng stock coufa have the i/fegﬁ qﬁ slou&ig down the veneLatlve‘spread
. Jﬁ :
ﬁ ) . . ,

of Ypoted: aquatlfs into the. s)allow rones in the sufimer &

- * .

In certain’ years, quch as “1966-87, 1967- 68 and 1970 71, Schemes.}

N

¢ [ ‘ \ “
B, and C have partlcularly large water level drops over.w1nter of the. order ,
\ , . 4 .

, of 5 ft (1.53 m). Thev are qlgnlflcantlv larger lhan the maximum water ke

’ ‘ rlevel drog§ of @bout 3 ft (0.92 m) under natutql condltaons. A water | .

v -. 1evel drop of 5 ft®and a 3 ft ice cover would mean_that the refuge for ' £




. in years when over-wintef fluctuation is-smaller.

’

°‘sboreiiﬁe.‘ - -f, ,

overwintering plants would be reduced to a zone below 8 ft (2,44 m) in

depth. Since the lower limit of plant growth is only about 10 ft' (3.05 m)

the area of refug% would be quite small.- If a lhrge drop in lake level
L 4

were to occut in a dry vear, such as happened in 1969-70, and there was
hd . - \ -
high runoff the followimg~spring,?it is ¢onceivable that the overwintering

.stock of winter buds and tubtrs (ould eﬂéﬁypogpvgggd with 10 to 12 ft

I3

(3 05 to 3.66 m) of water the follow1ng summer . Tth would be a rdther
unfaVoTable growth situation and could result in failure of most of the
o *

v .

annual crop of aqua%ic vegetation. It could take several years for stock

of?perennial aquatic plants to recover from such a setback. If,.on Ghe .
. . : : ‘ - i ) ,
other hand, the year following the large winter water level fluctuation,
. ¢

~ . . T } ) .
is mormal or.dry, the main effect might be only g less abundgnt crop than
L ’ : ' , oo

~

This analysis of the efféct of over-winter £ ctuations in
level on aquatic vegetation has beeprbaséd on the assumption thag “the

level regime of Fig 14 would be strictiy adhered to. If use we
-+

. » ’ ) I . .. ‘ ' s ‘
made to farry-over ‘storage in the spring, the amount of over-widter fluc-

tuation would be 5ubstantially increas& and the worst case discussed
M /

in this section woald apply more frequently

-

Changes in morphology of the 11ttoral zone, resulting from raised .,

water levels uld have a greater effect on rooted aquatic vegetation
Wi . . s . n .

'than,g\er~winter water level f]uctuat1ons, WhenAhater levele are higher
. . ° Y %
during the growing season fdr rooted aquatics, potential growth zones
t

for aquatics are compressed onto the mo

steeply— loping part of ‘the
! -

'

/

[ ]
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‘ T%é large axductions that would take place in the 1 - 2 m and
. ' ’
2 - 3 m zone in the east end of the lake have already been discussed in

.

.the section on lakes morphology. Since virtually all growth of rooted

'aquatiuétakes place between 1 - 3 m, reductions of rooted-aquatics in the
s . ‘ ) -
-east end of the lake should be considerable: Table 38 demonstrates™the.

effect on rootad aquatics in the east end of the lake. It can be, seeh
. .o .

A -
St Scheme B inwvolves a 167 increase in the 1 - 2 mr zone in the median
. ‘ N - o A

N

.

Ye-r ;nd a 38% decrease in the 2 - 3 mﬁéone. Scheme C involves a 627 -
decfease in the 1 ~ 2 m zone and & 50% decrease in the 2 - 3 m zona. inr
a yéﬂr;such a§L1965, Seheme B &éu]d have po}cent decreases similar to -
S(*utn( ( ‘in t‘h(' HN-(H:m -yc-:nr.’ For, Sohoeme G in I‘)()')', ])L-Ir('(-nl r('(lm'l ion
inﬁthe depth zones sultable for aquatic vegetation would‘be sllghtly
‘greater than-in the median yéar.

o With a;gréatérldepth‘of\water over the shéllow, flat zone (pre-

santly 3 - 4 m) of the east“enq of the lake, bottom drag should be less

? 1

» - : - s .
effective in dissipating wave-action. In addition the narrowing of ‘the

zone suitable for rooted aquatic vegetation should increase. wave-exposure

for the-semaining beds of rooted aquatics. The resultant overall increase

in wave-action could bring about a, further reduttion in area and stem
-7 ’ P ' Y ’ ‘ ' ’ d to e
density of beds of aquat@cs. However the effect is hatd to quantify.

Iﬁ'the vest end. of the lake, the rise in wdrer level of Schemes

. (4

Co N [

B and C SH£VJ; .not be suff1c1ent to totiily prevent growth of rooted ,  - .

_ A_aquaths by reduction 1in 1ighn penetrati to the bottom: H0wever, con~

dicio“i;ff light on the bottom of'tﬁe bayxin the.wés; end should be just?
. »L- o ’ -l \‘\'- oo . ) . * i

marginal for growth, especially with Scheme C. Therefore, it is reason-

able to 'predict:a dec'reéée in stem density. o (N |

’ - .
> -
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The newly-flooded areas®of the east and west ends of the lake
Vo . -
‘should have-some potential for supporting new growths of aquatic vegeta-

tion. However, it should be remembered that these areas would normally

be subjected to winter drawdown which could impair their ability to sus-—

~

tain dense growths of rooted aquaticsa S

"

T

Rooted Aquatics in Rivers . e,

The extent of rooted aquatics in rivers is largely determined

.

by the degree of ‘penetration of light to the bottom and by substrate

suitability. ‘It can be deen from Tabl% 8- that turhidity»in the slow- -~
flo&ing rivers approximates that occurring in the lake proper. Color
in the slow-flowing rivers is appreclably higher. One would Ehe}efore'

expect maxlmum depths for aquatlc plhnts in the rlvers to he no greater

p - .
than those in the lake. This would 1@1y a*maximum d pth range betw&

3 and 4 m (9.75 to 13.10'ft). It can be seen from Fig 21 that Scheme B
heve an effect . on Little River and River -2, durin
the most extre;é\case, when maximum summer water levelg of 729.2 and L

731 2 would occur fog Seheme B and ¢, respectively, L1ttle Rlver and
\ \ .

} N .
v * . i . [ i

.. . o | L o,
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S

Riter' 2-.still appear to be the only streams that could be significantly

affected ' )
. ' -
. 5 .

v o

-

. ) ,
Emergent and Wetland Vegetation
ge -____,_jLwdﬂ_xu

B and C;, This should cause vegetatitonal shifts and should
. i \ . !

. K . N " R ‘\ . . .,
result }h/encroachment of Fquigetwn (horsetails) and Lcirpus (rushes)
< < . N \\ .

‘more complex questions. Quennerstedt (1958) Stéted;that,‘in-go{thi
+ . - g s . A ° I £

»a
Tables 36 and 37 show that Scheme B btings_;bout an increase in

the 0 and 1 m zone only during years when full storgié capacity is

G

realized (e.g. 1965). Scheme C brings about an approximate doubling in -
. . * .
area of the'N - 1 m zone. Much of the increase is the result of flood-

. ,
ing of low-relief terrain in the easterm and particularly\in the western
end of the lake. As:a result, it is reasonable to expectfb significant 2

expansion of areas of emergent vegetatian in those areas.
K \ L N

v

Existing sedge meadows which are largely above normal water

lqyél during the growing sead&g}would undergo flooddﬁa under both Sclemes

: _ , i ,
&

l

: ‘ RN ‘ ' : N
onto the sedgé meadows. This shift should be much less pronounced for

* ’ W ' v S §
Scheme B ‘than for Scheme C. : _ ' , ’ N .
’ . . S ° . / ) . .
Thgre is some p0531b111tv that ice er081og’1n the newly f1¢oded .

. [
’ 1

areas oould cause con31derab1e vegetation an8‘8611 dlsturbance infaewly- [

flooded areas add “could prevent the full pozential of th"r

.

'emergent vegesation from being real&;ed. - — ‘_ﬂ\f’ ’
B n ‘ . . . . ) . - . -
Terrestrial Vegetation ) . - : S | b

It goes w1thout saying that all tree spec1es consistently flooded X ) )
|

= —_—

«throughout the grow1ng "season would be certain to suffer mortality The

o '
b o v

effectsﬁof intermittenﬁ flooding ahd raised water table areésomewhat
o T ? BRI AR LT

.

. . . . o . '

-
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Swedish water systems suohtad'the.skétlefté River basin system, the

g

- - .o ¢ a3 ) ] > N -l ‘ V A ¢
+ littoral Salik bushes (s lepponwn and 5. glauca) were killed when water

. - 4
-level was held at the pre-exiSting natural high water mark for a longer

period gham is normal during'the vegetation period.’ Thus, any scheme +of
flow regulation for Kakisa-tﬂat has the potentjal to keep water levels
\:k or .aboye norma% ﬁigh,water levels for a mgjorvpart of the groving
t \ . X

‘season would almost cert®inly causc 1007 mortality of existing lakeshore

and rivetbank Qiilow vegetation. . ‘ : .

Mature aspen was generally fbund above elevatlon 729 ft (222 19

AR |

m) on the nonth shore of the 1dke apd above elevation 728 ‘e (221 89 m)

:mlghetweﬁx end of the lake' on weli dralned minexal 30115 in areas that
e

./« jnfwen@ not:, normally flooded, even durlng h1gh water.,wlmmaque asgen was o

.
. - O

found at elevations as low as 727 ft (221.58 m) but theggbsence of mature\/\

4

[
tree's 1nJLcated that adverse env1r0nmenta1 1nfluence§"such,as ice-~action,

- N -~ L
. . * -
. Y v Y .

'k’wave—acﬁ?quand‘geriodicalgy high water levéls eliminate them from these

. e\' B . s A > - o
.areaé; §éheme B should.flood some of the lower lyting aspen and(saturateT
. N , . N 2 ' ' B
' ; < . ' :
ge areas where aspeh.is growing. +In addition, aspen on .the
4 ,

soils id

' .
s

north shafe that is not flooded would be subJected Jto wave-acﬁuon. The

nfluences should cause 51gn1ficant mortality “With Scheme C this

4

: mortality would be more widespread and‘would éhcompass virtually aIl‘

aspen vegétation on the north, -east and west shores pf the lake, on the .

U

hanks of RiVers 1, 2 }?1d 3, on the banks of Little River and around the-

e €

“mouths of uskeg River and Tathlina River. Moréovar,xit coyld affect

- -

a significant part of the aspen vegetation of Muskeg River.« ». I

N A_. "

White spruce appears tqcyave more stringent requirements than , . .

. aspen and was seldoT foundfbelow elevation 730 ft (222 50 m), well above
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probable maximum spring flood level. .The major area of white SPruce

that would be affected by raised water levels occurs in a narrow, twenty-
. . . E . N // ‘
mile. strip along’ the north shore. Scheme B would likely cause signifi-

N v
.

cant but not total mportality to white spruce in .thatstrip. Scheme C %

& .- :
< ' ‘ N B
might cause almost total mortality. The white spruce strip is backed

- - : ,

A
.

by st?ﬁted black spruce muskeg vegetatidn. . ‘,_‘ - N
v ) :

[ v ~.

Phyeicai and Chemical
-~ . . -4

Spring Breakup

4 v
R T a

Obstruction of the Kakisa River WS:h an 1mp0unding structure | ‘ P

w0uld prevent the normal free downstream vement of river and lake ice; .

Consequently, virtue}ly'ali ice upstream of the dam (including gBe ice

on Kakisa Lake) would be forced to melt ip situ. With more ice on the -
lake during spring thaw, heating of éhe lake water.would .be less effic1ent,

e 7T

since ice abporbs much less énergy than yater. Moreover, total heat

[
am

input required to melt the ice would ig;rease,'since latent heat of

fusion required for melting would also have to be supplied to ice that I

normally would have passed downstrean.

‘\

-

‘Field records for Kakisa River shpw that the river was ice—free’i

Il

on May 6, 1972.. However, there is no record of the exact day ice Went

out of the river. Records of Water Suxvey of Canada (1922, raw data)*

S .

show virtuallx no change in gauge -height from April 28 to May 8, 1972

/
* at the’ Kakisa River gauging station. It can therefore be concluded that
! ~. .

. P

rise in river stage was not insttumental in the 1972 breakup, ‘and, that

breakup was the result of gradual deter&%ration of the ice. It is

Sy * Data sheets of daLly discharge "availéﬁle from water-"Survey-_ of Canada; T
Fort Smith N.W. T _ . o ' . | . o o

~

LY}

v
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- . . . _ ' ,
di{ficult tgjextrapolate toYpther years to find a relationship between
\,‘:‘9 , .

rising river levels anMbregkup, 'since records of exact breakup dates

are not available. 1In some years, rising river levels may have acceler-

L
ated breakup, but Judging from the 1972 situation, breakup probably would

not have been greatly delayed i river levels had not risen It seems.
likely that the fluctuating output of the proposed power planc, coupled
with the effect'of the additional compensatory flow over thl Falls;which
would start on May 1, should be adequate disturbanCe,to°hasten tne breakup

N4
v

of deteriorating river ice. ’)

No major problems associated with downstream’breakup are forseen.

Moreover, if ‘any delays were to occur,'they could be easily eliminated by

N
.

increa81ng rate of power generation to diSlodge the"ice.

Water Temperatures in Kakisa Lake
T ’

Sinqe ice would not escape downstream during brea up, and since
mogeJenergy would be expended in meltidg the larger quantity of ice, late

spring and early Summer water temperatures should be lower under regula-'

tion than under. unregulated conditions. The " time aronnd the summer sol—

stice is when the gr%htest amount of SOIar'energy is aVailable for‘organic-

¥

'production. Loss of much of this_energy in 1ate spring and €arly summer

k\could significantly reduce .annual production of the lake.

* -
\\\\The rate of’ heating Kakisa Lake’ should also be somewhat reduced T
. u!

, .

"in spring and. early summer by inereases in the volume to surface ratios

a2
- A%

\\ .

of kakisa Lgke, wﬁ)eh\could be Js great as ZSZ foraseheme B and 40% for

4/\;
-
= ‘

SchEme C. It. should be remsmheted however, that a large amount of the

< -

'-1water contributing to increased lake volume is spring runofé

.

u . . )
.

P . o -
av P e 1

-
N
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- which is already warmed._to summervor_near—summer temperatwes. For.

(9

erample, on May 28, Muskeg‘River‘was iS.SOC-(59;9°F) and on June 11,
/ Tathlina River was 16.0°C (60.8°F). Thus, there was a net heat f],‘
~into the lake as a result of runoff
The.larger volume of water in the 1ake should also cause slight
reductions in the amount-of daily fluctuation of “water temperatures>and
inthe ‘rate of coolidg of the lake water mass in the fall. These phenag—
: ena should contribute allghtlv to a. trend toward increased production

However, any production ggins wOuld be much less that the los% incurred

L)
a

. Because of backup of ice behind the dam, water-passing‘downstream

of the'Falla should’be very coid until ice accumulation is'melted. Thus,
o o warmup of the stream@ espec1a11y in the first few miles downstream of
NN | / i

- -the Falls, . should be appreciably retarded.

Delayed warmup of the stream could delay sprlng spawning and .
A
could tesult in some lLss of annual produ\tion of bottom organisms

Temperature fluctuations, after the ice is melted,,cou%d be s 0
>/“'A larger than . Ain the unregulated river, since summer flows of 1500 cfs are ‘//

. somewhat. lower tﬂan the normal flows in June, July and August (Underwood,

. ) ' .
3 LT -
. 2 - ?», B

’\.'”?' .: McLeIlan and Associates,rg972) HoweVer, tﬁ@y are ‘quite similar tp )

/
o
i

i
i

’° S [

.flows acaurring in low flow years, and actually higher than average ~ /

"5if ;p" snmmer f{ows in years of extreme 1ow flow, such as. 1971 and 1972 Theref

. . . .

fore, tt appears unlikely that flow regqlation wquld result ‘in’ temperat re

LT




A
'

extrgmes-or fluctuations exceeding the Timit of tolerance of the egist-

. - . ’ o
.ing” stream fauna. - : . i ‘Qﬁ
> . " > - f . "y B .

It is not clear whether Kakisa River, above the dam will s&ratlfy e

Depth is in the range of strat1flcd lakes and wind protection f(omxthe

EXd

riverbanks issgood. Therefore,: the basic conditions for stratification
» : ) .

exist. However, since water is still cenfined tq a narrow river channel,

-

‘ . _
turbulefft currents might .be sufficient to promote mixing. . The question

- N
. . .
should be further investigated. " el } ‘
B S S ) &

3wt T

Stratification s?oﬂld-have’little'effect on downs;}%am tempera-

~ .

tures, since the power plant draws water from near the sﬂTface of. che

)
.

o w
. reservoir wher@ water temoeratureq are close to amblent*tbmperatures.

However, stratifibation often resultg in concentgdtion of nutrients in o

' b bl

: %
the hypolimnipn (belvw=the level of the intake for*thé turbines) "which

’

¥ -

could cause nutrient impoverishment0do(§fﬁteam (Neel, 1963).

N § o :
Fall Freeze-Up ) : o

‘l 8 L ”‘7}

P

Freeze-up can take place Aﬁy?t’,‘ after water temperature reaJhes' T
zr\h—'\ »

» . a uniform 4°C (39.2°F), providcd suff'cnently calnhnffeezfne weather

oCCUTS. - Since the lake becomes 1sotk

. ?(see P 15); it %F unllkely that the sl1ght1y delayed coeling of Kakfsa
: q % - .
- Lake, resulting from 1arger lake volume, would have any’ effect on freeze-t'

v . . . &

up. . - i : .

- - S . . . P

s Dissblved Oxygen' . ' o .

- ( .~ Most of the water cdvering nery-flooded dreas in lat ’October?'

would be 1ess than 3 ft (0 ? ™) deep and would 1ikely freeze té the

e R s \

botton;. As°the lake is d//aWn down duﬁmg the winter, £ ooded ageas that )

B
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s > ?f , . ’ V( ) : ; o
are not frozen to the bottom should become S80.° Since it seems almost

°

certain that most newly flooded areas would be fro7en solid throughout

~¢ - e
‘most of the winter, and therefdre isolated frem the rest of the lake,

,

it is unlikely that winter oxygen demand in flpoded areas would have an

J 4

appreciable effect on the lake proper. In general, the locations of
. ‘ \

anaerobic areas and aerobic ‘areas should change little after 4impound- *
«-é"~ ment and regulation. Anaerobic condltions Should bé confined to areas

. . that have aquatlo vegetation in Ssummer and that have only a few ; x

centimeters of water between the bottom of the ice cover and’ the lake

Al
¢
3

¢ bottom }n winter. Experience samplilg through the ice 1n the spring of

1972 indicated that such: areas occur only near the eastern and western

2 Yy

shores, and that the boundany between anaerobic and aerobic areas of
v .

..the lake is very sharp. Anaerobic areas did_not seem to affect,dis-

s, - -
solved oxygen levels in the lake proper. Theref is no reason to believe
‘that the'winter_dissolvedhoxygen situation shbuld worsen'after'regulation,

since potential anaerobic .areas would be virtually identical ' Moreover,
P‘

the greater volume of water should actually increase the absolute amount

o . -

. of dissolved oxygen availabla over winter.

.
., )

. A
? X B

. l'ﬂ‘ . Decay of vegetation and organic ‘soil mav make appreciablo summer

}‘. oxygen demands. However, areas effected should be broad and shalloy.

and therefore shsceptfhle to oxygenation hy'wind-action. Rooted aqu;t~

4

ics and phytoplankton should also make a substantial contribntion to

£

oxygenation of the water during the long summer days. }n tﬁe late

v i t\irsnmmer and early‘fall when the annual crop of aquatic vegetation and a
; - planktoo;ii sub{eCE torﬁfi&xdecomposition, the cdmbined decomno;ition

;,'v?>~ of this mate:ial and Pre-existing organic material‘coald cauge localized {.f{,u
> o E lowering of oxygen levels in thentlooded areas. It is unlikely, however, '“°,i‘

PR
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. 1 3 ) N .' e
that the lowering ofﬁgissolved oxygbn there would have @ significant

effect on &issolved'dxygen in the lake proper, as these waters, in

the most extreme pOSsiblefcese, contribute less than 1% to total lake

-

volume. o ‘ : y l
! E ' F

pH

Agtive decomp031t10n could sllghtly lower pH in the west end

4

of the lake, but the small volume of water involved and the huge buf-

)

fering capacity pf the lake should ensure that any pH changes in the,

‘ >
lake are 1insignificant. °

Turbiditgkin Kakisa Lake

. - i
As discussed in the s€ction.on erosion, higher Water levels

should increase the absolute amount of silt-sized particles derived

e 4.

from sboreline evosion. However, this would not necessarily cause an..

increase in turbidity, because Kigher water levels could cause at least

two compensating effects.."Firsa, here is a greater dilution effect due

. .

.70 the larger volume of water in the lake, Second higher water levels,

N v

especially in late summer should reduce the amount of IESuspension o?

. ~

eediment from the presentlyiextensive J-4m silt—bottomed part of the

1ake. This ‘area will_be,reduced s1gnificant1y by Scheme B and quite

. . R . 4 . \‘-~ o
markeély by Scheme C._"c o l R R ,@”

4
v

o “»fj Since areas containing erodable materials are Small relative tbi{'

(. - Y . F (‘,

%otal lake>area, since the areas posseSSing the largest amount of erode

'@able ?d/erials are prOtected to\éome extent from ane-action,wand since\;

o <

‘higher water 1evels also appear to have some c0un:erapting effg;cs : i

5

;‘against &nereased turbidicy, it appears uhlikely that significant in— ’

RAFe

'creeees in turbidity wouldttake place with either Scheme B or Scheme C.

.. : SUCI UL I S -
. RSN SR T R Dy o

C fe
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| A corollary.to thechypothesis that there would be no major in-
creas®, and possibly a decrease in turbidity, with increased sediment
load, ie that there éﬁould be some increase in the rate of sedimentation
on the;iakeubottom.' In ;ddition,'fiher sedioents should be‘deposited at
r’{ - higher. bottom, elevations becauee of depth increases. 'Such subtle changes -

3
in the nature.of bottom sedimepts could bring about some faunal readjusg-

ments.

Turbidity in }he Kakisa River

. 7 .
N
LE—. N
NN

During the first year of constructioh, no darmis would'be built, and there

" would be no regulatlon of flow of the KaLisa River (UMA Kakisa Hydro7

.

Electric Feasibility Study, May 1972) ' There would be excavation of

e .
river banks for intake structures and penstocks as well as dam foundation

" . preparation. These ope\etions could potentially cause hea&y siltatioﬁ
. | x'
of the river. However, with stricb spec1fications for construction pro- ‘

“ , . .
~ ® —

. cedures it. should be possible to effect sOme}reduction in the severity

R

>H, o of r}yer siltationr ' T , o PR
. - - - . . ' | i

«  The second year of constructlon wouldSinvolve a major reduction

"~ in streamflow and the\dumping of large quantities of lel into the river—-

L

\ - ’ o

,from May '1 to October'l. Such proc:zjres should result in major silta-~ .

‘ o tion of the stream bed. After constfuction is completed, provision of

e

high flows, comparable to normally-occurring high spring flows, should R -

N .

remove most accumulated silt. v t

- . -

b . \\In’the long term, turbidity in Kakiga River should be reduced.,,‘

& g

Sedimentation behind the dam should cause the.river, aewnstream of the : : o

[}

- L

dam, to bec&me clearer than 1t is predently.f ‘.h, .t". P




Color i ’ - L -
— s .
Decomp051tion of organic soil, especially in the west . end of the .

lake, could- bri about 1ocalized color increases, but runoff from poorly'

drained areas is very snall compared to that from, the upper watershed R

v s -

(i e }Tathlina River flow)\\\Therefore, any increase in color should bé

" very slight P o ﬂ\\\\\\" t N |
. . ‘ ’ . . » . ' N

Water Chemistry

[]

These nutrient releases could eonceivably cause short-term changes in

. water chemistry in locaiized parts- of the lake, but) in the long teru,'the
” o L .

water‘chemistry‘should continue to reflect the-edap,ic characteristics

of the Kakisa River watershed. It should be remembered that "flushing <

- 4 -

time" for Kakisa Lake. is only 1. 1 yr and that the lake is constantly

»

o mixed. Consequently, the laké is in essence a very large widening of
o v e . '
- _ Kakisa River. Since both the water }hxibthe/gediments which detetmine P

- the- water chemistry of Kakisa Lake ‘are principally derived from -

)
N <
: < - 3

: water chemistry, could develop

X -'h‘i e It does appear, however that impoundment could cause sqme altera-'

tion in the dynamics of phosphorus in Kakisa Lake, because thq bulk %f
_ V'id‘# the phothorus in a lake system in either fixed in sediments (Lee, 1970,»‘,\'

».;;‘i,e pp 35- ) or stored by Phytoplahkton, litrorel macrophytes and EVen . e ;i K

.,q




Phosphate released from erosion and leaching of.niperal soils

and from decomposition of vegetation would likely be taken up inmediately‘

.

by plant organisms and could cause a short-term burst of high produc-

’ .tivity. This type of 1nit1a1 flush of high productivity has been noted

»

by mOSt researchers in the initial flooding stage of reser irs (Neel,

1963). Whether or not this would happen in Kakisa depébds o whether

1

or not productivity at present is being limitedrby anyaparticular nutrient
L e . a/’\

¢ et

. in short_supply. » ““v,}r“leu . ‘ ;——/;%;

'Ultimately'much of the in1tial{gposphate flush™wWould find its

o2
>

way into the sediments, where it woufd’gnter into the cbmplex dynamics

of phosphorus tra‘pker hetween sediments and the overlying water. An
i

overview of research into these dynam;ds is’ contained in Lee (1970)° :
' Knowledge of the intricacies of mud-water nutrient transfers is at a . ‘
primitive Stage, and the development_pf predlctiVe‘nodels'is not yet .-
possible. o i' . - . , @. A '

.~ . . e

ﬁarge amounts of phosphates'absorbed‘to soil particles eroded P

o’

Jfrom the new shores of the lake would also be carried into the sediments..

) Since’ phosphorus 1s strongly aBsorbed to partioulate matter, this would

AN L, e
likely be the major mechanism by which phosphorus £rom<the terrestrial
"‘ W&." L . vJ
'-‘environment w0u1d be transferred to the aquatic environment. S ¥ 'f

A o T . »’ Do O L e e N -

Q@

"3' Ihe most subtle and perhaps the most }maortant change in the

@ Ky

-the outflow.‘ With greatly reduc‘




- - ) ) ‘ [
high. Since ghis effect would occur over the life of the project it
' Y °

likely overshadows the short-term effects of decay of terrestrial vege- y :
. < D .

- tation and erosion of terrestrial soils. )

: . Although‘phosphorus acgnmulatioh is éenerally-consigered the -~
L N N -’ / ‘ B - .
.major contributing factor to the ptocess of eutrophication, it is not _

L]

- * “clear that productiv1tx is limlted by phosphorus 4in' all 1akes. In ,

* Q

°Kakisa, there is. at least some circumstantial evidence thét producti%ity

-

.

may be limited by physical factors Uowever, this has/not been verified,
- e , " | ~‘ . . ~
and verification would requdre a major research effort

“
3 . . 3

o . -~ ;.,. { . 7/4 ;: » Planhton 1 o e. ’ "j 'v‘; @‘.,
. C Productivity pf plankton in Kakisa Lake could be influenced by ‘
ﬁw. such factors as the light absorption properties of the water c¢olumn, N
- rnutrient conﬁitio S, and‘rates‘of loss of'nutrients and plankton in the - ‘,.
A'uoutflowing wateﬁzﬂ | G i},’ ‘3_ - M;:i , ‘,. . ‘i
’J‘;'~ A minfr short-term increase in eolor and a slight compej;?ting "-; f

longbterm d-crease 1n turbidity from noF—living ‘sources has been pre-

_dieted fo a regulated Kakisa Lake and,@hﬁs~it seems unlikely that major..
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Thus, ' there is reason to<helieve‘that impoundment and fi.w regula- .

. tion could actually increase annual production of plankton, and copld also

. .
, , - B

increéﬁe the percentage of th1s productlon retained in the/lake system.
Decreasing summer flows_should.have an effect-very "similar to that ;
‘of a decreasedlannual flushing rate. The importance of the effect of
,i"fluehing tinevhas heen,reported by-Rawson;(1960b, 196i) gnd has been dis-

: cussed earliEr in this’paper in the section on Lake Productivity.i

v

Improved conditiosg for plankton could increase the frequency and ' o.

B ; inﬁe éity of plankton blooms. The biological significance of inéreased

',f' plafkton blooms in a constantly agltated lake such as Kakisa is not clear.;

I “"No aﬁverse-piological effects were observed ‘during the widespread light . -

» .

_ ;72 - ‘%loom* conditions'that occurred‘under-natural conditionS-in August of 1972. ‘
. . oo Bottom'OrganiSmsn& A o U7 .!g% S e
o , BottOm Organisms of Rocky, Gravelly and Sanéy”ﬂittoral Areasv ' fﬁ ‘ %
R & . ‘ o —_— . . -

- ‘ . LY
. el

N o Since the Iake shzrld not .be drawn dowﬁ any 1ower under regulation

'than under natural ccmdit ons, winter drawdown shOuld have no adverse I T
LR A PR

' ,.:*i':m effects on the present tocky 1ittora1 _ Higher summer levels may result

in soﬁc-increase in deposition of silt and orgﬁhlc material in,th"presentn“f

- X iy

rocky li.ttoral which could cause some faunal ’éﬁifc but would 1{ more! . o i

O . . e

i l 1ike1y to raise rather than to\ lower productivity in those areas. ' _*‘j




o ’ 4 . s - } . . .
winter drawdown,'whichwould freeze overwintering organisms. Griﬁesg(lﬂ6l)

- Afound that there'was a reduction of;ZOZ in the regulated zone of Lake
4 ° : y , N L. -
' ) Blasjon:inﬂnorthern Sweden. He founaéihat all mejor groubs»were'gre' ly -
. reduced in numher by Ehe effects of'oin;er dpnawdown. ,any'rhe chironomid
A AR . e : .
tribe Tanytarsiniecontained species bapahle'of-q;erqinrering in the ex-
': B léreme conditions'of the‘frozen littoral, aﬁd, of rhis tribe,‘only theu Gi’tf

B

'species Parakiefferzella bathophzﬂ&a was syccessful in the drawdown zone.’

- -8 i o

S ) ~‘I‘he ability of all other groups, includin° large aquatic insects, crus-
4 ‘ M - . ’ * " ©
’ ' taceans, molluscs and oligodhaeues! to endure frozeh-conpltiOns,in‘the

M i

littoral was low to non-extstent. ‘ - N . D

-~ Y

would have the ah"ity to overwinter in, the vegeta; 'ﬂlittoral. Most

N Lx.. Qe

LY "‘ .. .
” her possible colonizers would iikely perish duting the OVerwintering o,
s L period It is also likely that mobile animals such as crustaceans and
f'vj‘f!; '*some of the large inséct larvae may m{gréte 1nto newly flooded areas
L. ._during:summer. 80wever, netﬁrel‘propa"'ﬁ ’
g ) St cause of“dinter'drawdowﬂ angﬁe newﬂwawé-qﬁrcolonization would heve to . C
T Y
; S voacqr each year. AL (T S s T R o
s. g £ ' B : ‘g ) T ’ ! ) ..T:—# 5 .
MO

fﬁl:g‘; Tf_?; f It is unlikely thdi floode& shoreline afeas of glacial tdll will o

fremaingproducbdve summer habita_h,

for indefinite periods of time._ Wave

e_the fine mineral an& organic

A *

,and ice enoﬁion shoﬁld sventually remov

1

llfiparticlesu;rreagipg rocky and sandy shore areas as unproductive—as those o

.

,-.‘f-:_:-'presently ex;isting. i
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that the vegetated littoral is responsible for a level of production of

aquatic invertebrates out of propprtion to its contributign\to total lake

)

area. 1In Kakisa Lake, this region produces a great abundance of amphi-

€

pods, caddisfly larvae, small mayflv nymphs, beetle, drﬁgonfly and mayfly

‘

larvae, water bugs, cladocergns and copepods. Many sp|k1es are not com-

-~ @

monlﬁ:found\outside the vegetated zones; others are found ‘outside the

“vegetated zones, but in ‘grea{ly-reduced numbers.

The discussion on the effects of hvdro development on aquatic

vegetation\indfcated higﬁ probabilitie% of ‘both reduction in areal extent

.

and stem depsity of aquatic vegetation. Organisms found ih the vegetated

littoral -are efther totally dependent on vegetation or else derive major

]

beriefits from it. Eaéh loss of ‘an aquatic plant is, in effect, a loss

M

of a certain definite area of available substrate for the organisms

N

associated with the plant. The relationship between available substrate

and number of animals is fairly direct, soiit is not a gross oversimpli-

-

fication td state that the percent reduction in the total number of

R ., o gt " . AN . i
artima¥s of the vegetatéd,littora! woluld very closely correspond with the
v o .
percent reduction in the number of aquatic plant stems..
qum the previous discussion’ on the effect of hydro development
g ‘ . \

on aquatic vegetation, it would not be unreasonable to expect a SOA&ree
v

duction in ‘areas occupied by aquatic vegetation and a 507% reductlon in

” S

stem density fn the remaining area for Scheme € in the médian year. This

w

situation would r25u1t in a’75% decrease in the total number of‘aquatic' )

plant stems and likely a similar reduction in the organisms associated

e
* o
o <

vwith them. This analysis does, not even take into account the possibility

.ﬂ';
of a total crop failure of aquatic vegetation which could happen from_

t L

‘timefto,time with Schemes B and'C.' Such an event could cause instability

*

.,

e
<

ey,

e

-
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e

O

in both aquatic plant and aquatic invertebrate communities for several

Ed ° .
. . .

years; and would likely cause further decreases in ﬁroductivity;

Although:Schemé C would creéte»a considerable increase in shallow

°

\
‘water areas in the 0 - 1 m range, harsh winter conditions of freezing and

drawdown wéuld likely liqit summer productivj?y in those,areés;.especiallyi

when distances f;om unfrozen winter refuges_are great. RN

[ 4 I « -~
In summary, fairly cOnservative predictive-assumptions indicate ‘

N 3

strong likelihood of ma}or reductions in the vegetated llttoral fduna of

+
» " ¢ .
. . o
\ ~ |
* ! K

Kakisa Lake. Sk v - (
/

hi‘BQttOm Organisms of Silt-Bottomed Areas

.

.2 .t . v iR
. .Impoundment is likely to cause a shoreward shift of the presently-

. . 1
existing pattern of sedimentation, and an incréased rate of sedimentation
’ “

that could, in turn, cause a slight decrease in dissolved oxygén at the

mud-water interface, but would be unlikelf to cause significant changes e

N

‘ 14
in dissolved oxygen in the water column. It appears very unlikely that’

changes in the s1lt—bottomed areas would exceed the enVironmental toler—

ances ofﬁeither b the dominant Hexagendo and Chironomus species. Two "~
species of‘Hexagenid (H. limbata and d-'bilineata) flourished in Lewis - .
and Clerk Reservoir under'conditiohs oféheevier siltatlon and greater
-oxygen fluctuation than in Kakisa (Swanson, 1966) The tube-buildi;g '

° ,Chironominae are. reported to be able tb\\ithstand very 1ow levels of dis-
| solved,ogygen (Ollver, 1921) T It is highly unlikely that they would be
adviisely affeeted,by tﬁe‘sgmll envitenmenﬁal»changes iﬁ the bottom‘sedi-'

) ERI

4

me caused by tmpoundment and regulation.

If substrate conditions control the competitive ositions of

Hexagenza and Chzronomus; a shoreward;shift in" the existing pattern of
T . , s -,

)
¢
¢
.
e

(34
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¥

_siltation might allow Chironomus to expand into areas formerly ocet ied
: . ‘ o o _ . e
by Hexagenia and might force /lexagenin into a/smaller area of suitable

"substrate @fables 39 and 37). If on the other hand,/the higher densities
. » .

of Hexagenia in the shallows are relafed to ovipositing habits of emerged .

- A
adults (Swanson, 1967), impoundment would have no foreseeable effect on
Hexagenia. .

-~ Impoundment could conceivably benefit production in the lake

L d

system since greater retention of plankton could increase the detritus .

food source for both Hexagenia and Chironomus. . In the very long term,

7 . .\ - B

of course, this tybe of productivity increase would also hasten the rate

of eutrophication of the lake.

A

e . / B

Bottom Organisms of Slow-Flowing Rivers -

Since it appears unlikely that the depth added to'ghe slow-

‘flowing rivers would be sufficient to ‘eliminate aquatic‘éegetation it s

equally unlikely that there.would be a major qualitative change ingthe ,
rivét’fauna. Howeverf a reduction.in stem density of rooted aquatics .
could bring about a corresponding-éecrease in biomass bé the associated
fauna, In streams with dense aqu;tlc vegetatlon, such as those found

in the Kakisa area, river plants pfo;ide a-much greater area of available. )

] -,
substrate than does the actual streambed Therefore, thinning out of

the vegetation constitutes a reduction in available substrate. L

W
. nl
The probabillty of substanbially thinnlng out the rooted aquatic A~

Ly

—
. vegetation appears . relatively high for Scheme C: where depths of rooted
“aquatics would be close to their maklmum depth tolerance of 3 to 4 ft Lz

9. 75 to-13.10 m) The thinn@ng out ‘effiect of Scheme B might,be,muéh

4 -
-
-

,.
g
&




rd

. N s

. less, and 1if so that scheme'youid constitute much smaller disturbance
- . v e Q ’ . - +
« than Scheme C. - B

. RN &

- g » SR ST -

- ’Bottom Organisms of Tathlin4 River

ey

An upstream shif;linkthe £6ne of sediment deposition in the
moutn pf Tathlina Riwver copldnpause SOme faunal shifts in the area of
the river influenced byxlake léVels The area involved is not great and
the existing invertebrate fauph appear meager on the basis of‘analyeis

g ‘V“.

‘of stomach contents of fish caught in the area and on the basis of

caaual”collection; :Therefore, effects of changes to ‘the Tathlina River

. ' o ~
bottom fauna should have only a slight effect on the total lake eco-
. * . X v e . ) -
system: . o
Bottom Organisms of,Kakisa River Upstream of Dam ~  ” .

Settling of silt and plankton overflow from Kdkisa Lake in the
reach of the Kakisa River above the dam should bring about radical changes
,Y . in the‘properties of this part of the stream. Conditions should deteri-

-

orate for the fa§!’hater, rock—inhabiting forms presently tn' the stream

As silt*

while conditions for filter-feeding clams could improve considerably.

) /
and organic detritus start t accumulate, there should be*a major xpan—

_r
.

sion of the chironomid fau a. - Once the present rock bottoﬁFbec mes S

coated with an adequate amounb of silt, it is highly likely that the

P .

. burrowing mayfly Hexagenia could establdsh itself and gradually increase

3

to a very high gensity ovet 'a number of years. Swanson (1967) documented

-
. -

an expansion of Hexayenia to a very high number in Lewis and Clark Reper-'

VOir. He concluded that small, relatively-shallow impoundments locyted | -

-
e Y
v Tea

on silt-ladem river systems appear to provide excellent habitat for

burrowing,mayflieSs- v,

by A
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The major factor limiting establishment and expansion of
4 .

. N N Vi
Hexagenia above the dam is the possibility of thermal stratification and

a

attendant low dissolved okf%en at ‘the mud-water interface:
Development of high populations of chironomids, clams and bur-

rowing mayflies could provide good feeding opportunities for fish from
; . . . B :
‘the lake. At the same time, development of high bottom populations of

L4

chironogids and burrowing mayflies could result in swarmsfof emerging

;. adults which might annoy visitors to the Lady Evelyn Falls area. Swarms

4 . : , - 4

of Hexagenia are a major problem in the,Mfssissippi River region (Frem-
, . J
ling, 1964). Stber (1954)-and Fremling (1960) found that impoundments

increased Ehe'available habitat for Hexagenid. e

< ! . St . . ! » ’ i K

/

Bottom Organisms of Kakiga River Downstream of ma,

'”‘ < Inhthe'second year,‘construction should resqu‘in low flows, high

turbidity and heavy sedimentation Lowgflows and high\\urbidity might

t

‘also~result in elevated river tempe;atures. The present stregm fauna is ,
.f adapted to cgnditions of swift flow, moderate temperature, and ciZEh

, ~ - =
~-—gravel and rock substrdte. Thus, the fauna appears to be highly suscepf m

. tible to the types of disturbances that should occuf.ﬂ A number of species .

‘might be unable to survive those disturbances.f L

Y

. - B R It is likely that recolonization would ta%’.pi§ce in ‘the river

: ;tﬁ;a,below the dam, once the silt accumulate¢ on the river bottom is flushed a
S T s s

.

out, &fter project completion“ Recolonization might be a rather

L)

e “', slow process, hdwever, sfpée\the continUity of the fauna of the Kakisa
. 4

’

”;y 1Liver drainage system is interrupted by Kakisa Lake., The 1ej7 likely

provides a formi&able barrier which discourages the feuna o; Tathlina .

¢

River from colonizing Kakisa Riyer. * . : . f)rH ¢
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It is also possible that even sensitive specied’might not suffer -

» ° ’

. ’ [ - ’
total mortality, and small pockets might survivetto recolonize the stream.

[

A'final'possibility is that*effects of siltation on the bottom fauna

5 Spring¥8pawning,in Inflowing Streams'°

“f; eggs of. spring spawners would occur / 0wer spring stream velocities ,

Jcontinually colonize upstream environments to offset the effects of

L3 . T s
might decrease with distance downstrEam from the construction site. -

o

. 4

Since stream invertebrates with both flying and non-flying adtlt phases

/

K

B

¢ F

downstream drift (Hynes, 1970,-pp 155 and 268), this type of recoloniza-

s

tion is very. probable. . oL v, . s

. X
L R . B M -
1 - I . -~

Once the faung»is reestablished, it appears unlikEJy that the*
P . o * ‘

_— »

'nutritive losses would occur because of settlement of organic material

' béhind the dam and reduction of plankton and detritus overflow from the

)

lake,_and consequent loss of both a direct soucm.of food and a source
. . ey
of nutriedts. Lowered productivity of bottom organisms in the river,

- /"
caused by reduced plankton supply, is the corollary of increased producP

tivity in the lake caused by‘increased plankton reﬁention thEre. o

Fisheries

. B . )
} . - -

- -

M .
~ o _ N
U v

Even with slightlv reduced stream velocities in spring, 1t seems '

N

A
- ' \

coulg\reduce the amount of scour that takes place, however. In addition,

- .
-

~ reduced stream velpcities, especially during mid and 1ate summer, should’

voat Jes

~promote greater silt accumulation.» As a result a‘greater accumulation

<

. and reduced séoér of silt, certain spring spawning areas,rwhich arg Chly

E

:,- marginallf suitable under natural cohditions and which depend uan

N

: . ' e o Lo . PR o : | 3
3 . : « h . : . <
i e & : ’ : A » : .
. . - PR
-

“w,-.‘lbl.‘ " ) R - X ."' v Q B

}.. L L o Tl

] former level of productivity would be sustained, since considerable ¢
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spring scour for maintenance,dcould conceivébly become unsuitable under

_+ lake level regulation. It is difficult to ptedict how widespread That-— _

occurrence might be because there are no quantitative data awairable on
3 . ’ ' ) . i‘ . :

flow and sediment transport. - ' : '

In most of the slow-flowing streams, there should be adequate

{

vegetation for successful pike spawning; Flpoding of emergent vegetation

may create some new spawning areas. . R .

o4 LA 4

.'/' ' ’:1Stickleback, nhich also have a vegetation requirement .for suc~.

Q

cessful spawning, shquld also be able to maintain‘spawning areas.

o

Spring Spaﬁning“in“Kakise-Riverv - ) . R L jn

- . - a

Higher water levels and curtailment of ‘high spring(fiows'may .

Kl

accéleratehsiltation in the outlet area.- At present; largé*areas undergo

siltation. It is reasonable to expect that with lower velocities and »

’ ’

¢
less fluctuatiOn in velocity, this phenomenon will become more widespread.

r

It appears that - the outletj;rea i6 used as a spawning area for white

‘ suckers and” spottail shiners, and 11ke1y for other species as well.

¢

—

Siltation should have some detrimental effept on spawning of those species°'g{

a

s
13

in that area.n

e

/

/" The projeot could cause spawning problems downstream of the pro-'

posed.dam site, During the- firstxyear of . construction excavation along

a{»*.,

. .

the river banks could cause siltation, but it may be I}pcassible to prevent

.e" < Ci e

“'total mortality of eggs if extreme care is tgken to avoid unnecessary

.
s .
€

.removeﬁﬁof vegetation,_unnecesgary road constructicn»and.careless excava- _

IV, - 4 . -

3 tion and dumping _ Flow cutbacks and construction in ghe river channel
T R
in the second.year of construction wonld seriOusly threaten the surVival’

.lr
-

of eggs and fry. It may be possible to taka some steps to reduce the
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- impactlof siltation, but it would'nevertheless appear that the combina-

-

~——<——" tion of low flow and high turbidity and sedimentation might causé heavy

and perhaps even total mortality of eggs and fry during the second year

¢ .
‘of construction. Spawning problems during'the’second year of‘construction

s '

should be particularly acute for arct}c grayling which are characten15r

)

tically found in clear water (McPhail and Lindsey, 1970, p 127) voe

Once tHe project is completed -it should’ be possible to maintain
/ i -
spring spawning in Kakisa River Since the plant is to be designed for

continuous mrather than peaking, power,’ adequate flows would usually be

B e

:provided under normal ating conditions. As long as downstream flows '

are managed to prevent exposure of riffles and to prevent tempetature

o fluctuations exceeding maximum naturally occurring;fluctuations, it

n

v . _should be possible to avoid m jon problems. This would require provi-"
sion of compensatory flows during shutdowns or major cutbacks.

The success of future spring spaWning might be affected by the

v

: idegree of damagg cadsed to the adult pdpulations of fishes duriqg the
AN . }
construction périod. There is reason to suspect that waileye and pike”

: form permanent resident populations in the stream in view of the rather '

form able barrier that fast water ‘at the river ford prevents to upstream ‘

U /
‘*‘-',‘,migration. Longnose,suckers were just barely able to pass this barrier :
o T % L
',in spring, largely because they could hold on to rgtks with their mouths. ‘
'{;1,_h,>:uA pike found near shore in the ford area, when frightened from its Te-
£ - e e

' ”ﬂfuge into the«current, was iﬁstantly swept downstream. Walleye wbuld

Ijﬁpfbbably fare only sl

: there ts. a resident population of sub-aduft (1ess than. 6 year old) arctic

7

:4grayling in Kakisa River, aﬂd that leck of éatch success after late June

is caused by a change #n feeding habits which makea the 1ures used hQL

utly better. Bishop (1967) also sussests that f‘;;.*fL*
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fishermen unattractive to;the_fish Thus it is seen that there is '

considerable potential for damage to stocks of adult and sub-adult fish

3

dov

- iof all maJor species, includlng the much-sought grayitnéy during the =

et

- second year of construction. R

Spring delay in warmup of Kakisa River could cause some delay in
spring spaWning Alternatively, spring spawning might be reduced just
>
downstream of the pqwer plant discharge and might gradually become more

<
prevaIent downstream as river temperature rises because of heat exchange

I

with the. air, Spawning delays could. resulr in poorer fish growth in the
first summer of lite and could thus contribute to poorer overwinter

surwival However, there is no question of delayed warmup of the river

causing catastrophic changes in fish populations because all the major

spring-spawning species have distributionsextending to and beyond the Teo

¥

Arctic Circle where breakup occurs very late. . -

Fall SBawning in Kakisa Lake . - _

-
.

2 has’ been seen that for the period of record, Scheme B causes

‘

“an average of 1. 3 ft (0 40 m) and Scheme c causes an average of 1.4 ft
(0 43 m) more drawdown than Scheme A. Maximum difference in drawdqwn -

(Table 37) is 2 3 ft (p 70 m) between Scheme B and Scheme A (L967-68)

‘and 3 3 ft (1. 01 m) between Scheme ¢ and Scheme A (1969 70). Average f, "f{

limit of drawdpwn 14 723.9. 61 (zzo 66 m) for Scheme A, 72.7 Er (220 60 m)
~

for Scheme B. and 726 1 ft (221 31 m) for Scheme C. In the confirmed

\ spawnin& areas that were examined suitable spawning substrate did not

E Ok
'st below elevation‘7l6 ft (218 23 m) However, along the

south shore, towards the weét end of the lake, pbssible spawning areas

as low as, elevation 712 ft (217 01 m) were found, but spawning»was not B

confirmed. . ';'_pajf R ;.v S -ﬁ S,~ «’v“f”¢- e '
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Assuming that the lower 1limit of spawning- remains fixed, Schémes

Y4 | | e e

< T 105 ;

B and C increase the average vertical extent of available spawning areas

by . 0£§ ft (0 24 m) and 2.1 ft (0.64 m), respectively, by raising the

Fl

© upper limit of spawning: However with higher average water level, sedi~

2

mentation could _occur on parfts of the existing hard bottom and gould

‘raise the lower limit of spawning. Lf this occurs, ‘spavhing areas might

h

actually be reduced, because the shallow zones of the lake would shrink

v
in area (Table 36 and 37) after water levels were raised. ’ Qﬂ?

Precise information on the depth distribution of spawning produc

-~

J lake whitefish and ciscoes 1is not contained in the biological litera-

g

@

ts

fture Most descriptions of whitefish spawning are anecdotal and generally

“

indicate spawning on rochx oY gravelly shoals. Indirect evidence of the
f
'probable distribution of whiteﬁish and cisco spawning products can be

infertred from incubation studies,on the two species., Price (1940) found

/ "..

that normal incubation of whitefish eggs required a temperature raqpe of
X A%
; . DC.

0. 5 C (32 9°F) to 6 O c( °F), with an optimum temperature of §
hebis’ h o

vThus“there,is» ;rong evideqxe.that optimum conditions fos survivdtuoc

"\

: ice sheet in shallows of lakes or. in streems‘g Lengé&*g@

ad ,‘qn

g time of 50% hatch decreased from 99 14 days ar 0 5°C to 73 95 days at

2°c (35 6 F) to so 03 days at 4°c (39 3 F) nms, it'1 #} seen that verf

.i;small changes in temperature caused marked shortening of egg development \‘

o X

; o : R T IR o v
T e - . . 3 . . . .o
. time. . . P ' . . PN o g "”‘-.v’ ] . ) o "

Bidgood (1973) specufated that selection favors those whitefish

'apthat spawn in shallow water. because incubation”temperatures 1ess than E

£

;9

“3
(N

':&*«

e v

RS

d72 qrare required to prevent whitefisﬂ from hatching under the ice (at a, =

»Qitime of zooplankton scarcity) in the Alberta lakes (Buck and PiEEon) he -

PR
.

%

6 -

-
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studied. The temperature situation could be even more critical in

' Kakisa Lake, becéuse ice coverlasts about 6 weeks longer, If whitefish

in Kakisa have similar temperaturk-incubation period characteristics as -
those of Pigeon and Buck Lakes, temperatures of approximately 1.5°C
7 .

o might be redbired for suCcessful reproduction. With an under-ice the£;~1

gradien

of approximately 0.8°C/m (0.44°F/ft) (Fig 5), the viable zone, -

ing to the crite:ie of, Bidgood, would extend-down approximately

™

2m (6.56 ft) below the bottom_ surface of the ice sheet, ASince winter

)

) .drewdown under natural cgnditions everages 1.8 ft (0.55 m), it can be
. seen that each additional foot of drawdown could freeze'out a substantial
_ propoftion of viable-Vhitefish‘eggs:; Hoﬁever,oeVen‘the largest antiti-'

pated drawdown of 4.2 ft (1 28 m) is unlikely to freeze all viable eggs.

. 7 ' - . - - B
It should be noted, hough, that drawdownd much larget than tbose antici-‘ éi

pated could occur in future if deliberate attempts are made to use up

’

/carry-over storage when runoff predirtions for the spring are favorable.
) If this were to be done, all eggs in the viable zone could be frozen _
. and Killed. BREEIRE SRR
N f‘ &blby aﬁd Brboke (1973) found that'ciscoes developed normally
| within a. temperatute range of 2°C to 8°C (35 6°F t9 4@ 4 F), with optimum :":

S development at 5. 6°C (42 1PF).. The study also showed :ha:-90z mor:ality'?-{’”

CE e

quently might not be greatly affected by slight increases in overwinter ol
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» Fall Spawning bglow Ladf Evelyn Falls. . . - _

Lt t

downst¥eam whitefish spawning areas near Beaver Lake. If'the main silt-

producing operatiobé/were terminated by early September, and if large ‘
‘ . b . .
flows were passed downstream at that time, it might be possible to remove

/ accumulated sedihents prior to spawning (ﬁid September. Field obServa- A

é tions of thé ;oggition of. spawning beds might be desirable before -such . L

R ]Aeasures were t;ken. o A : . - L
Once the project is completed, norm;l operation of the. turbines .

N .
-
* "\

should resultfin more than adequate flows to- preserve incubating eggs

[

near the rivér mouth. In the event of extended winter shutdowns, freez- u“@T
‘ V ’ . 4 . ., Lo
~ ing of spawni gtevels might occur.’ It should be. possible'to combat “Q

B
S this situation\by providing a small compensatory flow approximating those '

I N

o winter flows natﬁrally ocqurring under unregulated conditions in an aver- S,
g age year. Lf\ ,:J"f: e !
B 3‘ L : o -." . ‘ \ '): "b_‘is ’ ' -

-‘c
i

v'SErvival and Growth of Fish In Kakisa Lake 1 ‘ C
.!- . .:.‘ X - .:‘ ‘, »’A\}.‘A “.'- 1 /}S\t L Vo Lo, BN ’ k] _;‘.".

i) Genera1.~tQuantitative prediction of changes in fish populations- v
e \‘ ‘ ST SR S
'"1fcauged by hydro devélopment is a problem of ovetwhelming complexity. ‘_;fv,_.f,t

o.

’Teéhn&gues for the tnalysia of phenomen of* population dynamics, asso-‘»ff, ' ;;ﬁ
S A Ty / T
_:»:ciated&with gubt}e changes in the et ¥ DR




T ey

 a vety general way, how these changes might affect other _‘compone'nte of -

PR

the system.- J"}ﬁhﬁ’f o o ' R Sl
~The writer has concluded that impoimdment and regula,tion could “’, '
) ¢ . .
ﬁause two significant changes to the lake ecosystem. First, there is . \

u’
strong evidence for a significant reduction of aquatic vegeﬁation.

B l
*”"Secéhd tﬁﬁ?& is the possibility of causing seme [isruption to success-

Pl

ful spawning;, especially to fall-—spawning vhitefish and ciscoes. Of the ! -
fall—spawning speties, the cisco is likely one of the most important C
;sbecies of the food chains of thé 4dake, since it is anfefficient convet— T

‘ , te: ‘of energy, being a plankton feeder, and 1s also the principal prey

species of wafleye., and pike. ¢

\ o\.e\ . :
¢ ' . . . . S

; oy ii) Survival of Fry, Subaduﬂt and . Fora&e Fi.sh : ln?the desci'ipt'ive'

- E ,. firet section of thie paper, it vas pointed out that there is a strong
aseociation of\ _']uvenile walleye. pike, Awhitish and white suckers with ,.f -
"the vegetated 1ittora1 of the. 1dke., It wo%ld also seem likely that the

,. o vegetated littoral areas are important habitats for fry and f.orage fiah,

7

g a]:though systematic collection of data to prove t‘h 8 lﬁﬁ not: been made. )

of the vegetated littoral should signif antly reduce the f'ood

':.j '-‘.eupply for fl‘Y. suhadult and forase fishes.'_ L
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"standard gang , weight of bottom organisms pef‘unit area: and'weight of

: plankton per unit area. Therefore, lowered recruitment could- conceivably

improve growth rates, resulting in fewer but heavier marketable fish,

o

pnovided food supply is maintained

ST Of the forage. fish, the stickleback is likely the most heavily }
S e L

’ dependent o’ aquatic vegetatigp particularly during the reproductive

S .phase. Ciscoes on tﬂe other hand have virtuaILy nd obligatory dependence .

, on the vegetated littoral‘ being gravel spawners ‘and mainly planktonic

&

N ;' !ﬁeders. Chub and’ spottail shiners are also gravel spawners, but appear
R | to derive significant nutritional benefits from the vegetated 1ittoral,
and are somewhat intermediate between sticklebacks ‘and ciscoes, as far as

‘f"~, requirements for aquatic vegetation are concerned.

S ’ The cisco, the chief prey. species of walleye and pike, could on'

L8

NS the onE hand suffer reproductive problems from increased water leVel N
m ;fluctuation and on. the other hand could benefit if zooplankton in the S {\

- ,:Iake increasas, caused by restriction of outflow in early and mid summer. gi
Y o 13;t,Since the magnitudes of both the possible detrimental and possible bene- ::.

{3i;ﬁ¢¢:f fafitial effects of development on ciscoes are extremely difficult to pre- “‘g

'! e

o ',dict.it is very hard to say wh.ether the detrimental or, beneficial effects

~°‘ / . 3 : : ‘-:f'l..__‘,:ﬁ‘ s < e i ) . EY
P uould predominate.,-, f oo e l .f‘j"ﬁ{. LOERI .‘",'r&;‘f v'iggg B

5:;gglf_?";' 111) Sprvival and'crawch of Walleye and Pike.. During the figpt

e : R

‘;i':fyear or two_ ..f ife, walleye in Kakisa Lake appear ¢ '?remain in offshore
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¢

al durlng that phase (approk 2 - 6 yrs) may be strongly 11nked with .

t:j,propertles of the vegetated littoral. Shrinkage of that zone could

CA

L

caQ%; veduction in growth rate and/or reduction in recruitment to the = 7

: )
addlt populatlon As pointed out carlier, a numerical reduction of the

~
radult population need not imply a decrease in the value of the comﬁerc1al

.fi§hery, since growth rates of.survivor§‘could anrease ‘to supply as many
. : ‘

sp .

or more kg/ha. . . N

i

‘ ' o A b
D Adult walleye deem-to have vsry 1ittle dependency on aquatic vege-—
\
~ tation. They ‘range the lake freely, usaally éeeklng out the pelagic cisco.

Annual’ productlon of marketable walleye might thus be’ ‘strangly tied to the |
[ ]

continued success of the clsco, which could potentially -be either benefi-

cially or adversely affected by the development. - ]

Both fry and subadult pike seem to be much‘more strongly stied to

P e

the littoral than walleye. The presence of extensive.shallcws in Kakisa

may explain the exceptionally good growth rate of‘ﬁike in their first few
yl . v, "’a"
years of life. Reduction of vegetated areas should airl,‘ome effect on

’

plke recruitmentm Young pike might be more adversely g%fected than young

walléye by reﬁuation,of the vegetated 11ttqra1, This could cofficeivably
‘improve the competitive positlon of walleye ¥ 12 some eXtent: .

e A V‘ 4‘

Adult pike, like adult walleye, raﬁgéa throughout the lake in
search qf ciscoes as evidenced by catéh recbrds and food analysis. They
- 5 "
‘should not be as strongly affected as 9ubadults.by reductio? 1in the vege-

x

lation changes of ciscoes. 8

o

N '

o

changgg 1n growth rates and/or population sizes of other brey species, ‘ .

%t - S D -
4+ 3
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such as troutperch, sticklebacks and chub. Since these prey species ’

seem to derive at least some benefits from the vegetated littoral, it
. i . .

2

is not unreasonable toisuspect that reduction of the littoral could affect
them and in turn affect piscivorous walleye and pike that feed upon them.
A simultaneous decline in ciscoes; troutperchy sticklebacks and lake chub

o

would almost certainly'reduce production of walleye and pike.

~ /\\ .
iv) Survival and Growth of Whitefish and White Suckers. Lawler

kl965) stated that whitefish are usually found in the deep areas of lakes,

. (G B
and that there is generally a migratory movement away from shore in spring

and towards shore in fall. It_would apoearq?bat, in such cases, whitefish ,

are following a favorable temperature:zone. Reckahn (1970) claimed- that

[ e

whitefish fry in lake Huron follow the 17°C (64. AOF) isotherm throughout

summer-. - . o : R

In Kakisa Lake, there wds no concentration of whitefish in

deeper areas of the lake. Sone of the largest specimeng taken in mid-

4

.~

summer -were in very shallow vegetated areas, especially in the west end

of the lake. It is possible that, in the isothermal Kakisa Lake,. white~
- \ :

ey ' e T o ; ,
fish have no opportunity to exercise temperature preferences, and there-

fore show no depth—selectionz Feeding data ‘(Fig 11; Appendix VI)
'indicate that organisms from the vegetated 11ttora1 and from «
. ) T
vegeta;ed ‘river areas constitute an important part of their‘giet Re-
. t

duction in the.vegetated littoral and thinning of aquatic vegetation, .

“could rgsuit in some reduction in total annuak whitefish production.

°
~

There was a definite‘concentration of subadult whitefish in

- L . “
river and vegetated littoral areas.. These areas appear to be the major'

«

‘rearing areas and reductiom in extent and dénsity of ’ o

LR
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rooted aquatics could & M'ﬁi’f ;-,&gyi/or recruitment into the adult

i

3

population. ’; ﬂ'f;, p Moy
. f’“ l,‘h . L3 .L.-"
. s ‘,“ ‘ B 3°
Greater ; Pa@ﬁipg success caused by increased
v, iy ‘ 'y\
OVerwinter fluctuatlons ‘i also tiave an effect on recruitment.

F

Both subadiilt and adult white suckers were found almost exclu- -

Y

sively in vegetated areas. Fry were also heavily concentrated in those

areas, although they were also found along tocky shores. The diet of
X y

, sﬁbadult and adult white suckers consisted mostly of forms inhabiting .

the vegetated river and lakeghore arkas. Only very lapge adults were

found feeding outside the vggeiated zone. Thus, it can be geen that '

white suckers show a general affinity for the vegetated areas of the lake,

~and it is possible that they would be adversely affected ﬁy reduction

of those areas.

'~ siltation of the outlet area could cause a.substantial loss of

wspawning area for white %uckers'lfhat could conceivably affect adult

i
Damage to white sucker population c0uld conceivably .benefit white-'

fish populatien because both species are competing for similar food _re~

v . . J

sources .

o

¥

Syrvival and Growth of Fish Dothtréém of Dam

Reduced flow and heavy siltation,  caused by construc-

7ti0n in .the second year, éould put severe stress on adult fish as well

_'ag on fry an& eggs. It ig quite pdssible that heavy mortality of adult

-

fish-could occhr.'-Adults may be capable of tolerating'high turbidity for
one season, but the combination of high turbidity and low flow could T

prove lethal .Qrovision of the highest possible flows during construction
R . ) . E v ‘d ) o ' f
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could alleviate the problem to some extent by diluting the ‘turbid flows,

by prebenting temperature excesses and by providing high—leﬁ%}s of dts-

solved oxygen. ’ ' . O o : <:;

s

Serious damage to adplt.population in the river Qould retard

recgvgry of .the fishery after the project wasofinished. Rééident popu-,.

" lations of wallgye, pike and possibly subadult g?ayling-wodlé appear
more susceptible to damage than longnose 5u€ker_and lake whitefish which
qnly use ghe Kakisa during spawning.

Restfiction in flow and heavyrsilta;ioq of the second year of .
construction could have adverse effects on the natural bottom fauna. It
might_take a number'of yeafs for the bottom fauna to recover‘from Fhe
shock of the construction period. During the period of recovery, She
supply‘ofifish foodccould be\sggsiderably reducéd.

S;nce‘the downstream supply of plankton is apt to be restricted
by impoun&qent, the difégt supply 9f~thi$ ﬁéterial to ffy'fiéh, thé_supply
tq-bottom.inVertebrates and thence to’larger fish, and the nutrients; |

supplied throdgh decompﬁéition are likeiy to be reduced. 'Thus, there
. .\m ‘ N .

N

Py - -

. 2 o _
could be some long-term decrease in fish productivity in the Kakisa River,

" downstream of the dam.
If .care is taken to prevent downstream environmental éhocks, it
 should be possible to restore, qdélitatively at least, the natursl fish |

B ‘
and invertebrate fauna.. _ i - P .

Waterfowl and Shorebirds

Early Sptin oo ';~  ¥‘ - ’ . g
. Ice blockages in»thé outlet areé, caused by obstruccion of the L e

L4 Al .

normal free<f10§.of wéter,and.ige.floes, couild greatly "hjthe utility

LRSI’
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of the outlet area as a feeding zone for ducks and shorebirds in spring.
Impoundment of Kakisa River to the level of KakRisa Lake would make most.
of the stretch of river between the lake and the dam too deep for feed-

ing docks.

Summer Breeding Season _ -

Munro (1967) attributes abundante of/nesting sites for ground-
=.nesting ducks to the numbér of areas created og interspersion of emergent
f%égetation and small bodies of water. Munro'; descriotion of excellent
duck nesting habitat coineides quite closely with a description of
'terrain to the‘west oi the lake. The chief limiting:factor op the utility
of that.area for duck nesting is'the possibility of high early summer

‘lake levels,‘which can cause flooding of already established nesting sites,

:.'even under. natural conditions Impoundment of Kakisa Lake should\whuse

‘ \this type -of floodingito become a certainty rathex\tban,a possibility. ‘

. There could be some nesting activity along tne newly estab*
411shed western shoreline'bﬁ the lake. However, available naoitat appears
to be much. less than under natural conditions; 'qoreGVer, nesfing sites !b‘
“in tnose‘areas would be sery'susceptible to small variations in water

‘~leve1.

The eastern shore of the lake is not as suitable for ground ‘

-

nestets ‘as the western,shorg. Most potential sites occur along river
banks and on rivermonth islands. Litsle River, with low banks, could ‘,
experience extensive flooding of nesting sites. Sites ‘on the islands,
in the mouths of Muskeg and Tathlina River should suffer total .inun-

dation, although those sites do not appear to have nesting populations

of auy great significance. Along Muskes River only nes #i
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located in the low-lying willow vegetation on the inside of mednders
. B H - - ,
would be affected. '

Treefnesting sites close to rivers cbuLd also suffer from the
effects of impoundment. However, if a few of the large trees killed
by impoundment are 1eft'standing it might be possible to preserve nggt-
ing areas for goldeneyes, at 1east on a short-term basis. There is also

‘evidence (Cowardin et. al., 1967) that mallards are capable of using

tree and stump-nesting sites in areas of flooded forest. ' y,
: i ¢

From the wéterfowl point of view, it might be worthwhile to set
agide small areas of mature dead trees for nesting sites. However, this
may be. aesthetically objectionable to some, and conld cause. othér problems \<’~

later on, such as floating logs in the lake.

C
¥
/

Late Summer and Fall ) ‘ . <

. . . . : ,

High water levels in late summer andkfall would totally inﬁndate

the two points in the west end of the lake used as resting areas for

~

migrating geese. They, were observed to be the only areas. near the 1ake

”heavily utilized by Canada geese. o
'Reduction in-aquatic vegetation throughout the lake would not

'1ike1y affect waterfowl use because even uﬂ%}r conditions of reduced
I

aquatic qggetation, there-would likely be a Surplus._ Even if a total B
' < -

.crop failure of ‘rooted aquatics occurred in the 1ake, there would likely
. .
. be fairly subétanbial-amounts of rooted aquatics in rivermqpths and in

-

thé'outlét'aréa. i' - T SR L.  ' - <Z>~
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Rare Predgtory Birds

r

‘Some of the tall nesting trees near shore, .ugsed by bald eagles

' and ospreys, could be killed by the inpoundment scheme. It is not
‘ 1

known whether this would have any 1mmed1ate short ~term effect.. Birds

4

would probably continue to occupy the nesting trees for several years

after the trees died, 1f they were left standing Eventually,
[ 4

‘the birds would .be forced to move _some distance away from the water in
to new nesting trees It is not known what eﬁfect these typeS'of dis-

turbances have on eagles and ospreys.

bl

o Furbearers
S~ —————— —

T . .
P N -

Peavers - _ , L r

e

All of the good-beaver habitat west of the lake, which is capable
of suﬁporting at least’ six.germanent colonies would be flooded Most
willow vegetation along Little River would be. killed by higher‘sdstainedfy N

. .water levels. On Muskeg River most of the willow on the inside of

meanders should be killed but substantial areas of aspen should remain

intact..‘ N : o

Beaver colonies in the west end of the lake Would be subjected

St to severe conditiOns of water Ievel fluctuation. Their bank lodges or:

bank burraws would be flooded throughout the spring and summer.' Beavers

oo - invtittle Biver and in the mouth of Muskeg River should be Subjected

o

to similar problems. Only the beaver houses located Well upstream on j ._ :

tbe Mutkeg River’ would be unaffected. - ..,1;* u‘ 'r'*, ; ’15f~; Ly
. . In. view>of the certain event of extensive habitat destruction"'=

@

and the likely event of nnfavourable water level fluctuations, it is ,‘

I . . - P A . e
e l“. Ly o LR S . S A
S, L el . SR o ., .
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i FON

’

quite Poseibde that beavers wduld be eliminated from the west end

/ ’ o - s - v - T
N

gtreams and at least from the lower reaches of the east end streams.

Ce T Otﬁér Furbearers and Small Game .. . S _ ‘;7
- i N : &8 .

‘The areas immediately adjoin{ng’the lake have highet species

_abundance of plants and éreater production than the black spruce muskeg
:' @ —- R L .
which dominates the 1arger area. - Cohsequently, productivity of small

herbiVores, such -as snowshoe hares, spruce grouse, red squirrels, ndce .

-

+ -and voles should be greéter in those areas than in thqdblack spruce mus-

keé, Populations of predatory furbearers, such as lynx, mink, marten

- and weasel, should be correspondingly'high. "Elimination of many of the

> " 5
§ - . M ‘ . . . K -

. j more diverse habitats-found around the lake and deterioration ig the
quality of much of the'remainder should have some adverse effect on

tbe'populations of furbearers.

-

- The.moskrat is not exceptionally common around Kakisa Lake, | ,
- *" :“; . * ) 3 .

7 - fossibly because of scarcity of protected shallow water areas with exten-

A

' > . .
sive emergent vegetation. Uader impoundment, shallow water areas may

{.

increase, as the low lying areas in the west and along Little River are
flooﬁed * Thus potential habitat could increase. However, sites’ suit—
‘able for houses or bank burrows might not increase accordingly., in ’

,Aaddition, winter drawdown should adversely affect survival in newly-

flodded areés. Therefore, there may be no increase in the muskrat

N\

population, and decreases are even possible. T ,.fﬁ'_
y X s / T e LR " . . -

. “Moose "
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As a result, the ability ef the area to supnort moose should be impaired.

’ .
Flow regulation could prevent spring flooding of low willow

area ' around the mouthﬁof Kakisa River and could,Conceivably
allow succession to aspen ahd white .spruce to take place. That stretch of '
Kakisa River is suitable for overwintering moose, and succession to more’

mesic species would reduce its suitability over time. The,dynamics of

3. '
~ £

the area’ are not clearly understood  however, since they. have been inves-

tigated primarily by aerial reconnaissance.

Wblves\and Bears ; { : o e

Damage to productive areéas near the lake should cause at least
some reduction to the food supply of bears and wolves, and could have

some adveqﬁe affect on those species. However, total destruction of wolf

and bear habitat would not oecur, in contrast to the case of such animals
. T
as beavers. . ‘ ’ ' ' «

4

Aesthetic Considerations

§
»

Damage to Vegetation
o
The most severe aesthetic impact on' the area would be damage to

”terrestrial vegetation, whichcwpuld be particularly unappealing if dead o
e - B
trees and. brush were- left standing. R -

‘ . ; The 10w-lying wetlands in the west énd of the Iake ate particu-

1
- .

larly attractive, in the writer 8 opinion. The nature of ‘the:area would

‘be radically altered by raised water levels. Streams would be drowned

_out and widened to become extensions of - the lake, riverhank and lakeshore

'"'ttee communities would be killed and sedge meadows would be flooded.-
o , R _ _

-
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The pleasing vegetation along Muskeg RiVer and Little River
would suffer significant mortality as would tree veg*tion in low-lying
rivermouth areas of Muskeg'River and Tathlina River. Trees on deltaic
”islands on Muskeg and Tathlina River would be very heavily damaged.

g T Manyiiarge mature trees of,the north shore and of parts of the
east shore would be killed, in many cases back to the bound‘%§of the -
'nuskeg.
| The net effect of damage to terrestrial vegetation would be a
.general deterioration of the scenic appeal of the area. °"If trees were @
» ot removed, the effect would be particularly dismal.
Scheme B_results'in significantly less area.of vegetation damage.

However, the"aesthetic impact of the damage would be as serious as that
,of Scheme C, when viewed from the water, if dead trees were not cleared

_away. If clearing were practiced Scheme B could have significantly

less aesthetic impact than Scheme C.

s

f_:’_

Flooding of.Geomorpholdgical Features

-The impoundment scheme would also result in the- l6ss of some

assthetically-pleasing geomorphological features. The scheme would in-

. e

‘undate the Kakisa River valley above the ‘falls.. ‘The river valley it~

self is very attractive and in addition, a picturesque set of cascades

P

is found just a short distance above the falls. Although a

less imposing geomorphological feature than Lady hvelyn Fslls, the

cascades would be considered by some people to be equally appealing.

’ Other geomorphological features which are less imposing, but nevertheless

'vf attractive, are the deltaic islands of Muskeg River and Particularly

Toge
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V Cog;truction Dama g L {.‘:' . ‘: o R

.Much of the damgge crested during conatruction could be semi-permanent

L . | i 120

Schemg¢ C and rather heavily flooded by Scheme B. Similarly, the sandbar
points of the west end-of the ‘lake would be totally flooded by elther

scheme. . ’ - ) ‘ -
The three streams in the west end of the lake would be drowned.

out by raised water levels and would lose most of their stream-like

qualities. They would become, for all intents and purposes, arm-like _
o . . e , /
‘extensions of the western-part 8 the lake.qy Little River would also be

similarly affected, but not quite to the same extent as the western

rivers.
: e ‘ : v - '

Finally, beach areas, which normally become exposed along the
north shore and parts of the sduth shore during suumer, would remain

inundated throughout summer. This may be oﬁly a small
aesthetic consideration for many people, but may be valued somewhat more

i

by others. e .

The’ project would definitely downgrade Kakisa Lake as a wildlife

-

3

/

eree Such. a disturbance can be though of as a serious aesthetic impact.

Because of the distutbances caused by raised water levels and

';.

:because of ‘the présence of hydro-electric structures and power lines in

- " . -

tbe Kakisa River area, the appeal of the Kakisa region as an area of

semi—wildernese would be considerably reduced. ’

L4

The project eould require extensive excavation for fill,‘clearing

'.-Vv‘tf .

of timberﬁand Bhilding of constructioﬂ roads in the Kakisa River area..}i

-

r._./.‘:! R
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If water levels ‘of the 125é were not ade;EZtely controlled during o

the beeond year of construction, flooding ofiland above design full
3

supply level eould occur. Such flooding could cause unnecessary/damage .
to tree communities and w1ldlife It should be possible to avoid such

damage by’making provisions in the contract specifications for special .
construction procedures in the event of a wet year. N

Human Ecology

-Since hunting, fishing and treoping constitute a way of life

a for the gfople of the Kakisa\Lake area, it is obwlous that changes

g
involvi :‘fish and wildlife or accese to thes 'reSOurces could affect - ’
‘local residen ‘ ‘\ .. - . N
‘ﬁIce;; larea couldzlnterfere with spring waterfowl
hunting, whie; f-speaking illegal, but which is generally
; . recogniiediessi f{l right and an important source. of dietary A
. variety; Ioe.ci_ ‘;o delay boat access to fishing areas duﬁiﬁg the ';
R 5 mejér‘fishing’se; Kakisa Lake. Higher water levels should cause\ o 2
f»a generalsdetergf fn id. hunting and trapping in,the immediate . F\\\\
:ﬁ' | vicinity of the\f | a A: 1 n |
;- ' . f"_:: Impairme-yniﬁ hunting around the’lake fiy be an‘important con§' '
“ ; aiderttion for native peoplq. Impairment of trjpping may also have‘ vi C
\\L some effect, but this effect may be damped by the fact that most furs R

D I ,
Hl‘are taken in areas quite distant from the lake.

v‘\

: ;_ After impoundment, the fishery uill ba subjected to more unstable 5~a*

“environme

.m}_fishery. HOWever
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'_itheir immediate environment'if'visible damage“occurs. Y o

*_\?ment of the hydro potential of the garea could haVe some adverse effect

\vé-*on-touriém, because of the aesthetic impect and possibly because of the

]fimpact on the sport fiahery.

' P SRR 122

- . YT ' \.-'_ .-Q_,' -
the level of impairment that miﬁhtﬁbe suffered would be felt'by local

people at the preSEnt,level of expldéitation of the fishery. However,

the effects could come -into play at.a possible future hipher level of

-exploitation, under more intense management Thus, damage to the fish13

' <
ery is unlikely to cause losses of standard of living under present

conditions, but could gpncelvably affect the u timate potential income
/ -\

“

1

derived from the fishery o s

4Apartffrom purely economic ' considerdtions, local-residgnts,

~ whose Entire 1ifestyle centers 'on pursuits closely linked with their

BN

‘natural environment, could suffer a rather acute loss,ofhenjoyment of

+

<

Perhaps most Significantly, disturb%nce caused by cons-

o

truction personnel and by a sudden and shdét-term.increase in avail-*
f‘

-

4

f‘The local residents would enjoy no lasting benefits from employment on

3

. the project. Sucﬁ short-term employment at fairly high salarr rates

may only make it more difficul; to returnuto the previouSQWaY of life. 4 ¢

o, Inm, the long-term, tourism may benefit 1ocal residents more than

N L I ‘x!‘;.h‘. '

"fe-short—term gains ﬁn income resulting from development.; However, develop-

[ ¢

L o0 P

L

The sport fishery ln the Kaﬁisa Riv' ;

.able incoma,'coulu be very upsettlng t0’}he social arder of the village. -

. .
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o Raising the water level of the lake should cause at 1east three

recreational benefits. Raised water’ levels would make access ‘to the lake

simpler and less ﬁazardous, by deepéning the'channel out to the lake and

Simil

by reducing the density of aquatic vegetation in the channel.

havigation near shore would be easier. . Finally, deeper water in Tathlina

) /.
v

River would. provide much better boat access to a very attract1v§ area of

-
t) N &

rock formations and rapids about a mile up the. river. : o

S ‘e -



s,
;centrated in the 6ast and west ends of the lake in water less than 3 m

.deep,

6.

©

"chironomid, Chzronomus (probably plumosus)

8'

R

.2,

7.

v‘specie§>1n the lake.
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: SUMMARY

-~

General Description of Kakisa Ecosystem

¢4

1. Kakisa Lake is shallow (mean depth 3.8 m), warm (18 - 20°¢C in summer) ,

- v

isothermal, near-eutroéhie and high in dissolved oxygen «neat saturation

{
year round).

Except for the high escarpment, along the, south share, the land sur-
1
rounding the lake™is generélly low in rellef and the lake is subject to

strong wind-action. . i' ©
¢ , oo ) . .
Tdrbidity,ef the.lake is high and color is moderate. Of the streams

¢

3.

'associﬁted with the lake, only Tath11na River is markedly turbld

4%¥ Shores are generally rocky, sendy, gravelly and are noti@eably un-

productive. Most of the lake ®B5%) is'silt—bottomed. S

Aquatic vegetation cavers approximately 13% of the lake éndlis con-

L)

Aquatic vegetation is dense in all streams other than Tathlina

River, dhere it is totally absent.

The fauna of silt—bottomed areds of the )ake is dominated by

4

1arge burrowing mayfly, Hexagenza Zzﬁﬂata and the large tube-buildJﬁg

Hexagenza cominétes in

shallow areas, whereas Chtronomﬂs domiﬂhtes in deeper parts of the lake.

‘Both genera are found in all silt-bottomed areas ofuthe lake.,

;. .

The fauna of vegetated regions, especially rivetrs, is much more.

diVerégaand abundant" than the fauna of silt-bOttomed are’s

Standing crop of plankton is nmderate.
1] ‘ R
9. Walleye, pike whitefish and white suckers are the major 1a£!5 fish
Ciscoes are by far the most importanx prey, Species -

’ /“ e o . : ) .

¢

ﬁﬁ@uga

~
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in the lake. Troutperch are important prey species during thefir spawning

runs near Tathlina River in spring. Nine-spine stickleback are consis—

tently consumed througheut the summer.

10. Whitefish and clscoes are heavily parasitized by the cestode Triaeno-

phorus crassug. ) - .
? v - . 0
11. Subadult fish of the four major large fish species are concentrated

in areas of rooted aquatic vegetation.

3

. . [ ‘ B
12. -Whitefish.and white suckers derive significant nutrition from inver-

?
-

tebrate organisms from vegetated areas.

<

13. * Major spawning of walleye was observea in tne Muskeg River, and this
‘atream appears to ne their major spawning stream whereas pikelspawned in
all vegetated streams. white suckers appear to épawn heavily in Kakisa
River‘near ghe~lake,.in Tathlina River and possibly in Little River.
Muskeg River seems to be a niner spawning'stream for white suckers.

: Tathlina River is an ingertant spawning stream fer treutperch and is
likely inportant for spottagl'shine?a ahd lake chub.

14. Major spawning areas ror fafalspawning whltefish and‘ciscoes are ;
along the rocky sheres“pf the 1lake. ~Tathlinaf§1ner;is the only infloﬁing
streamvused by fadl spawners. R //‘

%
15. - Large walleye and pike are almost. exclusively piscivorous and range

3. \

throughout the entire lake at all depths. Smaller walleye and pike have

~a larger invertebrate component in their diet.

t

16. Large white s‘kers are found mostlg near river mout'hs' in vegetated

L8

areas." Large whitefish are frequently found in those areas but are also

[ . c

, foundfregularly in deeper areas. i

'176_ The downstream fishery consists of arctic grayling, wayleye, pike

and longnose suckers. Walleye and pike probably have resident popula.tions. -

i
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Grayling and longnose suckers mlgrate up Kakisa River to spawn There

are indications that a population of subadult grayling is resident in

-

va the river. « ) . .

e

18. Spawning of grayling downstream of the Falls seemed to occur ,between

May 15 and june 1. Spawning of ;alleye; pikerand whitebsuckers occurs

- mainly after June 1. Ssawning of those‘species in Kakisa River was one
to two weeks later than in tﬁébrivets flowing into Kakisa Lake, probably».
because.of lower water tempefat@te. |
19. Growth rates‘of walleye and whitefish are~m—rthe 16w to middle range
of those of the Saskatchewan lakes stugied by Rawson, but are higher than
growth rates for Great Slave Lake. Growth rates of pike are very good,
especially in "the first tvo years of life, when they exceeded those in
every Saskatchewan Lake studied by Rawson. :

. 87.4 for 29 net sets. This "standard gang" catch is higher than those

of all but one of the Saskatchewan lakes stUQied by Rawson. -

¢ - -

»

 21. Kakisa Lake i{s as productive as the mesotrophic lakes on- the margin
. . ~— . '

of tha Shield‘in Saskatchewan (La‘ponge, Amisk) studied by Raqsdhl .
22. The most productive wildlife habltats are found at‘the east and west
. ends of the lake in the sicinity of the slow, inflowing streams. They"
~ are tae only available ﬁabitats-for beavers and waterfowl in the general,

vicinity of the lake and. they also conta¥3 virtuallx all available moose

habitat Productivity of hgnbivorous animals in the low-lying habitats

R

at the east and west ends of the lake is prohably of significance to lynx,

P ' .

marten, mink and weasel and of marginal importance to bears .and wolves.

n\\

20. Standing crop of fish eas measured by "standard gang" catch, averaged -

v

L™
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‘cnntly great:er with- Scheme )\ than 'with Scheme B. ,'
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Probable Environmental Effects of Hydro Development

< . Raised water levels would create extensive areas of dead willow,

aspen and wﬁite spruce, whicﬁ'would constitute at best an aesthetic loss,
if the dead yegetation were removed, and at worst a major eyesore and
fire hazard (trees killed by water table effects), if dead vegetation‘

were left standing. Damage to lekeshore and riparian trees, in terms of

linear.miles, would be extensive. Thirty—fi&e to 40 mi ( 64 km) of lake~- -

.shore trees and at least 20 mi (32 km) of mainstem riverbank trees (40

miles if both banks are counted) could siuffer mortality.
2. Most good wildlife habitat in the Kakisa Lake ared occurs in areas

that would gexhdversely affected by raised water levels and damaging'7

water level fluctuations. Wildlife would be affected both by destruction

of vegetation and byithe direct adverse impact of flooding and water

level fluctuations at critical times of the year, such as the overwinter-

g
. . .t

ing and reproducéive periods. Most affected wogld be beavers waterfowl,

moose, snowshoe hares, and small mammals. Predators, including all.

\_ . -

" major furbdarers, should also be affected. - t
. 3. Use of the Kakisa area by ‘migrating waterfowl would be affected by

. deepening of the Kakisa River spring-feeding area for ducks and by inun-
\

dation of the‘fall-staging area for Canada geese on the points 1n the

P

west end of the lake.

4. As v;lewed fr07 the ater, aesthetic impact of Schemes B and C would

be about equal, if no clé?ring were practiced. With clearing, Scheme B

would have less adverse a thetic 1mpact than Scheme(L

5. .Areal extent of damage to Vegetation and wildlife would be signifi-

o

- v
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e

6. Reduction of high spring flows could reduce the extent of spring

r

floods on Kakisa River, making co?ﬂitions less favorable for willow and
more favorable for aspen and white spruce in the lowest reaches of ~

Kakisa River near Beaver Lake. This could eventually eliminaté an area

e | . K

of winter browse for moose.

7. Blockage of the downstream passage of lake ice by impounding struc-

tures could, delay lake breakup. Obstruction of the outlet area with

x

ice could reduce its utility to spring waterfowl. Delay in breakup.of

» : . .
the lake could reduﬁi?annual production in the lake. Percent reduction

could be as much as 10 = 15 % per week delay in the optimal produptive
period around summer golstice. In years of early (May) lake breaéﬁp,
. percent reduction in annual production would be substantially less.

8. Higher water levels would reduce the area ofvthe-littoral, shallow

.

enough to sdﬁbort aquéticrvegépation. In the med?uL}ear of récord, th%s
reduction would have:Been approximately 30 - 407% for Scheme B‘;nd 50 -

" 60% for Scheme C. In a year when makimum storage potential is realized,
. . such as would have‘occurréd-in'l965, reduéfiqn in area of vegetatiqn Qoﬁrﬂ

ﬁave been 50 - 60% for Scheme B and only slightly more for Scheme C.
.Incfeased wintér drawdowns should also decrease the areal extent

. - . . R \ N . . . ‘v
and density of roofed aquatics. Total crqﬁ‘failures.appear possible

+ el

when a year of maximum drawdown is foilowed by water'ievels, near full

supply 1eve1,~in thé.foIibwing season.
9.. Inereases in water levels should not be sufficient to prevent growth
of rooted aquat;és-in'reébhes of streams affected by lake levels, with'

. .__;‘,: SR . .

the;poésible exﬁeptiEns of thtle»River'and River 2, but they could cause

_thinning out of aqtiati% vegetation.

2
~ - . . R :
@;"z‘lhm""' ) - a
. . . . - .
wo o . i - C

.4
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10. Reduction in density and extent of rooted aquatics should cause a

corresponding reduttion in the associated rich and aBundant invertebrate

»

A
fauna.

11° Reduction in organisms in .vegetated areas could reduce annual

production of fish such as whitefish and white suckers, which derive

.significant nutrition from that food source. R
- 12. Reduction in organisms fTom the vegetated areas could affect annual

production of troutperch,- sticklebacks, spottail shiners and lake chub
‘ ’ ]
which probably derive a significant portion of their nutrition from those

.

areas. Those species are in turn utilized by piscivorous walleye dhd

" plke. - ’ » 2

13. . Rate of grthh'and/or recruitment into the adult population‘ef sub~-

-

adult walleye, pike, whitefish and white euckers could be retarded by

shrinkage in vegetated littoral habltat.

L}

14. Annual production of large, marketable walleye and pike, which do

not dependlgh any zoneepf the‘qake, and which ;range the lake freely in
pursuit of-c}scoes and other forage fish, cauld be affected if declines
oo iﬂ‘eisc?es occurred in the lake. |
Declines in othe%‘ferage fish, partieuiarly\troutperéh'and stickle~ '

*  backs, could also-affect annual production of walleye andipike, though
. . . ? B . - . . . ) ) L ) '
not’ to the same extent as ‘declines in ciscoes. Simultaneous. declines in

- Y

ciscoes, troutperch and sticklebagks would very likely have an adverse

effect‘on*broductivity of ﬁalleye‘and pike.

-

15. -Reduced summer flows could decreaSe losses of plankton from theulake

< B .

and thus increase ptoductivity. This could counteract to some extent

»

,other,tendencies toward reduction in prbductivity. This effect could
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A

¢

also accelerate the process of eutrophication. however, such phenomena
are difficult to quantify. |
16. Spring spawning of. gravel-spawners in Muskeg and'Littie Rivers may
‘be affecfed by higher water'levels, resulting in heavier sedimentation

and less scour. Some presently marginal areas may become unsuitable for
i . .
gravel spawners. A'major reduction in gravel spawning areas by this

-

mechanism is not an{iéipated, as spring flows should undergo velocity

N

reductionsyof only 15 - 20% in most cases. Drowning out of "the mouth
of Little River may affect spring spawning in the area.
17. Increased overwinter water level fluctuations should cause greater

'exposure of beach spawning areas t& freezing and desiccation. However.

e

‘ -generally higher water levels should increase the vertical range of suit-
-

'abie'areas'available in,the.fall. This may offset to some extent the -

effects .of greater drawdown.: However, the lowest elevation of suitable

L]

substrate may rise with raised water levels. Prediction of the effect

of greater drawdown on fall spawners is made difficult by the fact -that

no quantitative data on the depth distribution of spawning products of

+

'whitefish~and ciscoes is available in the literature. ‘At present it

appears unlikely that the ‘small amounts of additional.ﬂrawdown proposed

-

;3 to be little difference between Schéle B and Scheme C. Scheme C could

«

v conceivably cause 1ess damage than Scheme. B, because mininum winter
o R

-~

d./

water levels would be higher, while the amount ef overwint

fluctuation Qvould be the same as for Schenie B.

Ri |

water level L

‘.

N would cause total spawning failures, but they cOuid conceivably increase v
theovariation in yéar to year. spawning success. o . - o} g
| /;_\*ff " From the point of view of damage to fall spawning, there appeats J
; . ey

®.
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18. Use of carry-over storage to generate.additional power, when high
spring runoffs are anticipared, could greatly increase damage to eggs

of fall-spawners and to winter buds and tubers of rooted aquatic vegeta-

/

tion.

.

19.- Restriction of flow and heavy siltation of Kakisa River during the

seconid year of construction would be almost certain to cause heavy. mor-

tality of eggs and young-of-the-year of spring-spawning grayling, walleye,

’ \ . , - .
pike and white suckers. Mortality of adult stocks and bottom fauna

-

would also be a definite possibility Damage to subadult and adult stocks

of resident‘Tish would persist for a number of years, as would

damage to the present invertebrate fauna. Although adult grayling migrate

" - upstream to'spaWn, and‘thus probably do not -form a resident population,

::expended in the inmediatebarea.of Kakisa Lake.

there is evidence that subadult grayling form a segrated population,

t,’

‘resident in Kakisa River.v Therefore, damage\to grayling, caused by flow

'irestriction and turbidity, could adversely affect not only the young-of—

Q.

. the-year class but also a subadult grayling population up to 6 years old.

20. Under carefui flow managemqnt, it is likely that the downstream
/ C _ . T S
fishery. would eventyally recover after the project ds completed. Pro-.
- . € , : [} ’ ' o ’
ductivity‘of the fishery might be reduced somewhat, because of reguced -

summer outflow of plankton from the lake.: ;

o, " <"

21, Local residents, whose economy is centered ‘on fishing, hunting and

trapping, would- suffer some loss of hunting and trapping, and would

flikely suffer loss of enjoyment of theif . immediate environment.4 Because

-

trapping activities are 8o wide—ranging, the hydro scheme would affeet

;less than 202 of productive trapping areas. Loss o£ hunting could

» *

be a more serious consideration, since considerable hunting effort is

- ; Y

G
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.

Démage to the fishery would not likely be felt at the present
level of explpitation, but should be felt if the fishery were more in-

tensively managed and exploited. N

22.  Aesthétics, wildlife and fisheries damage could adversely affect

uée“of Kakisa Lake region by aréq residents and tourists.

23. Predictions of environmentalygffects g;ve been. based on the assump-

tion that water levels can be controlled both during conétruction and

after the project is coﬁpleted. If full supply level cannot be controlled

under all possible circumstances, damage to_Geéetétion and wildlife could

be more severe tﬁaniiﬁdicated in this paper.

24? Table 29 Summarizes prdﬁagle magnithdes of environmental impacts of
" Scheme. C. This assessment is based/bn the assumption that all feasible

stepg would be fﬁkén to avoid unnecessary ggyironﬁental damége{

Magﬁitude of impact reférs to the effect of development on the

barticular/resource being considered, regardless of maghitudé pf that

resource. Thus a serious impact on the -resource of minor octurrence is’

¢ -

tated asAséfious:l A éomment is/made in such cases as to the magnitude
or importance of the f;90urce #b put the.;ating given‘ingo ﬁroﬁeflpgr-v
,.spéctive, Iﬁ should bequintéd‘out that moderate of°even’light_imb9cts

on the commercial-fishery>§;h1be4significant invtermﬁ of dollar value. '’

.
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.small areas of standing deae timber for waterfbwl nesting sites. In
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- (T
RECOMMENDAT IONS

-

1. écheme B is recommended over Scheme € on the basis that it would

c

cause less damage to terrestrial vegetatjon, wildlife and aquatic vegeta-

tion. It should be noted, however, that fsll-spa ing conditions may
ever : Wi

v

be slightly better under Scheme C than under Scheme B. , "#

lakeshore and riparian tree communities, should be considered as a develop-

2. An upper storage limit, whichxwould not cause permanent damage to

ment alternative. Such a scheme would involve approximately'&;ft (1.22 m)'
of nsable storage,and would be less economical from the power production
point of view. However, it would be more°compatible With’other uses
presently being made of the lake. Such a scheme would be more,aestheti-
cally pleasing and would minimize damage to wildlife habitat.
. / . .
A more careful evaluation of this soheme would necessitate a - .

. 1 ] y
detailed vegetation and soils survey, involving precise levelling and

LY

mapping, and perhaps a more careful consideration of the requirements of
fall sp'awners . . e

3. In general, the aesthet%c, navigational and'fishing drawbaéis of

leaving dead brush and timber standing in flooded areas seem to outweigh

~ the biological advantages It may be desirable, however, to 1eave aside

,.

-
° !
-

’general. trees will‘have to be cut flush With the ground in flooded areas

d"

to prevent them from being hit by boats and motors,/since the water in®

most fiooded areas containing trees will be less than three feet deep.

. g
4m Care should be taken to avoid excessive disturbance of plant cover

W

‘and\root systems of trees, especially in areas of organic peat soil’ to

'minimize the rate of soil erosion and to minimize dislddgement of floating
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peat debris. This can be best achieved by carrying out tree-clearing

- : €
operations in winter, when the soil is frozen.

-,

3. It is not désirable to cut trees above full supply level until it is

-

certain that they are being killed by raised water table.. It is not - °

[o} .
known how far back the effects of raised water tablefyould.extend. Trees

that are killed could be removed by local people as the need arises. . ,
Such an approach would provide some ‘degree §long—term employment and

would be instructive in demonstrating, the effect of raised~water tables
» .
in northern Canadian environments, a subject about which little is known.

. 6. Measurks should be taken to ensure ‘that the design full supply level -

is not exceeded, either dﬁring construction or during operation of the

o

reservoir; so that udﬁ'&essary damage to terrestrial habitats is avoided.
This would imply a design provisioﬁgjor passage of larger than antici-
pated flows in the second year of construction,’ if it became evident that
the lake was' about to back up above design full supply level It would

also imply that design of spillway structures should be sufficiently )

. ® .
conservative to ensure that flooding above full Supply level was extremely-

4

rare and of very short duration.
7._ Adequate downstream flows should be provided to allow continued suc-'

cess of the™ downstream fishery in Kakisa River. This would'involve

ﬂiasures to’ protect eggs and f.;‘as well ‘as the adult residenc,and tran-

A

;,:‘; ' ‘sient populationi Gravel bars should not be exposed by prolonged shut~ _‘:‘

downs. Adequate)flows should be. provided to prevent rapid rise in tem-’
o peratures and resultant temperature shock to all life stages of fish in—

e ,.-: ‘;f'- cluding,;fgys and fry., Care shouldvalso be taken to prevent sudden re- SRICRNE

lease of cool water if downstream ater were to become warmed during a.

e : e i

; C«gt powes cuthack A temperature maxi' “ for water downstream oi the turbines .5;51

-

shouldialso be imposed.




seas of Kakisa River in the near future, be

~__.would probably be a safe and conservative

for an operating rule for winter flows. A more accurate .asse

The natu e of construction in t‘! secOnd year (1 e.v

\
flow cutback dum ing of fill directly into the. river, and ox

riverbed materi ‘) s & make it very difficult to entirely

'g.damage to the luwna ‘ea vfisheries.  However, some protective

| _"éfg;'ppééjiﬁb‘lje to 'redua:é"fth:é tmpact ‘of the

fore the

flowsgoccurring in a normal flow year,

criterion

ssment of

drastic
cavation of
prevent '

measures

S
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q * . *

possible to carry out the more” damaging. phase of:;;&p dam construction,

which involves dumpinjy

A'"earix_May. »inad&{tion, xcavation work in the'cutlet region co ld)be

carried out almost any time in late winter or eavrly spring, since the

outlet remains open year round. Scheduling of the more damaging con-

struction procedures earlier in the season would cause the greatest

-

siltation effects to occur before, instead of during the pring spawning

.

:season, as - would happen under the ex1stld§ construction s hedule

Another measure,.that might'be effective in combat ing_the.ad—

verse effects of siltation would be to pass the IArgest f ‘sible down~-
\ 5

“§tream flow during the second summer f»construction. ‘This|is recom~

o

mended because ‘higher flows would dilute the sikt 1oad prevent settle-

mént of suspended particles, increase oxygen supply and redu érdangerous

te ‘ggature fluctuations. ’ o N

v . . !
. \ p . “

411 directly into the river, in late April~and .

10.. It w0uld betadvantageous to allow high fiows as :bOn as the project

\
2 \ o

is completed . This would flush accumulated sedrments from the stream

u”

and- would allow the stream system to return to its\n\:ural state as quick-

ly ‘as, poSsible. It is possible that .some bottom org iéms, adaPted to
©

swift—flowing conditions and much of the fish fauna ﬁ&ght surv ve the -
\ \

severg conditions placed upon them during the summer per d of eavy con-

Lt

struction activity. A quick return to'more normal conditions mﬁy im-t.

°“fgpd hasten the OVerrll re-

;prove'the recovery°chances of such Surviyq
- & A . ] aQ

.4

covery of the stream system. v’

" , -0
R c"

‘llif Construction proceaures to ﬁinimize siltation, erOSion, dan ‘
. T
flow cutbacks and general environmental damage to both river -and 1

]

. environments should be written into the contract specifications to minte

ndze conflicts and confrontations during thEWactual construction peried.~
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12. A qualified environmental inspector shouldw‘on site dur1ng con7

’

struction to ensure that environmental stipulations in the construction
contract are adhere to, and that minimum dist'.urbance to the terrestrial,

- lacustrine and fluv"ial environments occurs. Thls inspector sh-buld re-
port to an agency, 1ndependent of the principals involved in completion
o) s oA
of the project. ‘He should have "on the spot" authority to stop work if \

o

procedures contrary to contract environmental stipulations odcur. ' '?

ot 13 . A study of possible changes in ice dynamics upstream and downstream

L3 )

of the dam should be. carr'led out to clarify the implications of i.mpac 8 re- ,o,
lated to ice phenomena. 'l‘his study shOuld include a statement on the pos-
/ sibl‘e extent of ice cover upstream and downstream of t‘tre dam, the possibil-

ity of ice blocka,ges in the outlet area during 1ate April May and’early _
Juﬁe, and the probable n‘ggnitude of delay in breakup of the lake as-the ref-

-

- 2

‘ ) ’szrft n,f flow reérictions on ‘the outlet river. A study to determi:ne the -
e probability of stratification in Kakisa R%r ~upst:ream of the proposed dam " v' ~
. should also bgv'.‘undertaken. ‘ e o po ; 4

e

affect»)zd by lake levels would require add _i@mal data on, st;am velocities, . /

: - 3 s . - il
’ L cross-sections,_suspended particle loads, s%bstrate compoeif’ﬁn‘\ 'and ;bed'.l‘oad_.é‘

l‘rediction of possible upward shit‘t in the silt—bdttom re

L e

ta' . .

o ; Prediction of siltat:ion rate in t‘ne stretch {f Kakisa River up- -
a ;‘ol..‘_ . ! . g G
T a&eam of the dam wou],d also reqwire rather cdmpréh nsive dat ?i_on flow

ﬁowevar, :




.~y

v

[
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ﬁhe desirability of‘furthor work to obtain such information
depends op the value placed on:the biofogical resources affected by

.

* siltatfdon phenomena. Therefore, if more reliahle predictions of the

4
effects of the .Project on sprlng and fall spawnlng and on faunal develop-
p% (
‘m$nt upstream of the dam are requlrod,_flow—turbldlty - sedlmentatlon
-~ |
4 ~
\udles are recommended. o RN .

. o - ‘ 7
15& /If greater certainty is required concerning the effects of winter

. drawdowns on fall spawning success, it/is recommended that a diving study

o
Y

be undertaken. This appears to-be the only feasible way of obtaining

\ ’ - - BY . .
reliable information as. to the depth distribution ¢f spawning products -
and sﬁ}vival of'eggs on v&rious.substra?es. ) A

! . )
;16. A program of regular” mon1tor1ng ofL&aklsa‘Eake and surroundings-

\should be instituted in’ order that an adequate record of the’ variability
\

ﬁf oiologica1>and physical parameters of‘the ecosystem can be obtained

prior<to impoundment. Such a program could include temperature, turbid-
Vo * 4 . L ©
%ﬁy and sedimedtation measurements, and the securing of water, plankton .

aﬁd bottom éaMplés ffom fixed sampling.stations. Stations could be set

\ ‘
up in’ such a- way that a sampllng run could be accomp 1shed in one day.

oot
¥ I's ——

. It should be possible:to hire“a }local pérson to carry out ;he'samplipg

-

pqg;edare on a regulafﬁbasis (say twice a month in% e® ice~free period
/l‘ ‘ b 2l & 0 . &
and once a month in the iced—over period).
It would also‘be advanbageous to start systematically recording
'b

date of bYeakyp on the lake and its inf10wing and outflow1ng stréams.

Annual mapping of the maximum extent and stem den81ty of rooted aquatics

.

;yould also.provtde 1nformat£on vhich would be 1nva19ab1e ir follow-up -

aasesrm;ﬁts. _ e , S . ) - r"'».“.

2V
.
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17. Environmentaf impact studies have little value if predictions made

&

af&;not tested after the project is completed. A major goal of environ-

& *

mental impact studies should be to learn from mistakes, so that such R
mistakes can be avoided in future projects. Therefore, if the proposed
project is carried out, post-impoundment monitoring, to check the valid-

ity of predictions made in the present study, is strongly reéommended.

Such phenomena as the effects of small water levei fluctuationé on ter-
i ' |

. :

restrial and aquatic ‘vegetation and on spawning success of spring and

fall-spawners are not weli—documented for northern Canadian environments.
Since post—impOundment readjustment is a long-term-proceSS, a

long—term, 1ow-inten51ty monitoring program should give a greater 1nfor—

mation retutn per dollar than’a high 1ntensity, short term program. - o "//

However, it should be drawn to the reader's attention that the small

size of the hydfo project couid aleo’make’it an ideal pilot teseerch pro-

jeot for both intensive and long-term study. Sueh intensive research

has been carried out. for several small lake reservoirs in Sweden and the

results have been fruitful.

-

18. A follow-up economic assessment of the project alsd seems desirnﬁle.
This point has beeh forceiully expounded by Day (1972) who critically .

’examined the costs and economic benefits of three small water resource
K
projects in Ontario, several years after completion. He found in all . J

cages that predicted benefits had been greatly overstated and predicted >

costs had been greatly underrated to the extent that highly favorable

predicted. benefit-cost ratios ‘proved grossly inaccurate, and actual

benefit-cost ratios were in fact considerably less than one. )

K] ' ‘ ¢
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Table 14 Aoounubtmmv o . R T -
Common name Class . Order . Famfly -’ Gerius o mrmnwwm‘
rmavmnw Gastropoda " Pulmonata ) - Ancylidae . < . . . . - .‘ ! R
Clams Pelecypoda _— Sphaeriidae  Pisidium - . .
, . . *  Sphaerium _ _—
Mucilium ,
,. Anodontinae " Anodonta . . .
' \ . ' : a .
Scuds, Amphipoda Amphipoda J, WmBSmmemm Gammarus - L .
Sideswimmers . ! Talitidae Hyalella T ST
‘ , . 3 . . o . .
Leeches Hirudinea - Arhychobdellica .» _‘Hirudidae Macrobpdella . decora - A
. - ~ Erpobdéllidae- ¢ / o T S o
Aquatic Oligochaeta Plesiopora . Naididae . , Stylaria fossularis ) .
earthworms - . _ oo e : ? :
Roundworms Nematoda Rhabdita Heteroderidae § umwwnwmmwwwm. - . -
Ostracods ‘Ostracoda ’ ) . Ilyoeypris .
Bryozoans ‘Phylactolaemata Plvmatellina Plumatellidae wNmaawwNNu . amvw:m :
Cristatellidae  Cristatella weedo
Total. :asvmn4om,mvmnwmm.l 68+
. o
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Tabté'ZQ. Social apd economic information related to land use by
residents pf Kakisa Village. ,Basic statistics a for’
. gummer of 1972, Estimates of ifishing and hunting levels
A are for an avérage year. - Fishing and trapping income and

dollar value of ‘lqcally—consumed animal resources. are
baséd on 1972 prices.
\ - . . 5 - . .
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’ o _ : . ‘ . .
. . . . .
’ . ' .
) PR R , f
.. . . o . ¥,
—_—

A. Nativé Population . - e - /
I. Basic statistics ) d
‘Number of residents’ X Lo e é‘ 43
N Number of inhabited cabins - . -7 8
Number-of Yamily units. = ) - v 7
. “Wumber of men under €3> Aﬁ' i o < 1X
Number of women under 65 ;i - . : 8
Number of men over 65 ¥ " S T ./ 4
Number of women over 63 ’ : e 4
>« Number of.children L 1 L V.
- . T ‘
Number of dog teams h s, n" approx. 10
. Number of sled doges - L ¢ approx. 1Q -
Number of -small snow vehicles (Skidoos) ‘ it
» Number canoes and Epats o o . approx. 10
fumber W outboard motors |, ( = * " approx. 10
Number®of cars and trucks o \ ° 0
) . - N R
. 5 Lo -
Area of watershed utilized (sq mi) "V approx. 3000
° . . w0 * ¢ > ] ; \ .
II. -Gross annual earned income* from‘animél resources at
1. Kakisa Lake (Kakisa watershed belpw. mouth .
* of Tathlina River’ : | : .
°+ -~ fishing (apﬁrox. 32,055\}Q @ $0.38/1b) . ) $12,160
- trapping (approx. 30% of annual harvest) : 900
/ o Total ., 513,060
it. Tathlinh Lake (Kakisa watershed abové mouth
0 : of Tathlina River ' ' s
» A R Te . < .
. - tishing. (approx. 20,000 1b @ $0.38/1b) - . $° 7,600
— - trappfng "(approx, 70% of annual»haryesi : 2,100
STl : a A , . - " Tota oo $95700
- r ) - . <
Total of II '$22;760
' * . : : R J —_
P , ' . W '
R - ' . ~ . s .- b < .
r - . g .
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~ .Table 29 (continued) o X -
- T . P ————— e T
CIII. Gross equivalent, value¥% of animal resources copsumed locdlly R
. i.- Kakisa Lake v - .
* 1 4 ’ ' k\ : '
. O pog food (56 dogs @ $9U/dog/year) $ 5,040 ]
N Moose meat*{2 moosefyear @ $300/carcass) 40 S ot
~. \ Fish for human consumption (4000 1b @ $l OO/lb) 4,000
+ Ducks (}00 @ $1.00/bird) . - © 100
) * Geese (25 @ SZbOO/blrd) ' o 100
. Hares (200 @ $2.00/hare) +400
Spruce grouse (50 @ $2. OO/blrd) » 100,
- _— . “Toeal " $10, 32.0 ..
o / - ' »
o ) i1 Tathlina Lake ‘i
Ny FRNT " 3 " Dog food .(}4 dogs @ $90/‘dog/year") $ 1,260
EL‘, . j’ T ¥ Moose meat (18 moose/year @ $300/carca§s) 5,400
['ﬁ"’{{ » + _ . Fish-for human consumption €1000 Ib @ $l 00/lb) : _1,009‘
Moo Pe = 7o Dultks «600 ¢ $1.00)bixd) e L 4p0
. “Geese (100 @ $4. 00/bird) ~ ‘ -t 400 .
e’ Lo Hares' (200 @ $2.00/hare) - 200
-l ; S Spruce grouse (25 @ $2. OO/bird) ' L~ 50
. . _ . . [ * - o
’f; Tptal> . T § 8,710
: 2 Total of IIT - $19,050 .
o , ]
) ; Total of I7 and TII $41,810 ‘
' rd .
Co L B
v -3 y
- ' B. ‘ ﬁ | * -
A .“ 1] ~'
* ‘
Number of residents - T 5
Number of inhabited cabins - S 3- R
: Number of family units ' ‘ * 3 :
: . Number of men under 65 2 _
" Numder of women undere 65 2
Number of men over 65 , 1
. "Number of women over 65 °  ° S < 0
NumBer of childrén = ' e 0
‘ N )
., - Number -of dog teams’ o 0
» 4 . Number of small snow vehicIes 1doos) 2.
. Number of 1 ge enclosed snov ve hicles (Bombardiers) ‘ 2
] | ‘ Number of ts o . approx. 5 o -
e + .« Number of’ ors‘ o . * * approx: S
o Number of c rs and trucks : | . /3 :
& . : ; ) I“ L
T at |
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N
. Table 29 (continuedj
R II. Gross annual earned income* from eniméf resources -
i. pKakisa Lake
Fishing (9000 1b @ $0.38/1b) ) .S 3,420
/ : Total $ 3,420
i, Tathlina Lake K -
Fishing (50,000 1b @ $0.38/1b) - . $19,000 .
_ ks AAad _ »
Total . $19,000
Total of I1 $22,420
III. Gross equivalent value of animdl’ resources
(consumed locally per- year) =
Miscellaneous fish and’ game - ' $ 300 <

Tot%l of I1I aﬁé;gll 522.720

. 3
3 v

—da

———

v . *Net income substantially lower than gross income. Costs of
transporting fish by surface from Kakisa Lake are 5¢ per lb. Air trans-
portion costs from Tathlina Lake are 10¢ pexslb for a full plaﬂe load
and much higher for a partial plane load. In future, income £rom fishing
should rise dramatically because of world shortages of animal protein.

-Pike. aré now (in 1973) economically exploitable. White and longnose
‘suckqrs should become economically exploitable within one or two years.
‘Fur pkices have risen slightly since 1972 and the qarket appears strong
into the indefinite future. Price-rises, however, 'should- not be as

 dramatic as for animal protein. .

. N
’ N [

**Equivalent valye calculated from purchase price (1972) of an
equivalent protsin supply from local retail stores. Quantities of
. animals' congumed are subjective estimates based on observation of hunt-
i ing and f&shing aetivity over a seven-month period. 1t should be
emphasized that estimatés of the values of fish and wildlife consumed
locally is only approximate, and is presented only for the geﬁgral
orﬁ:ntation of therEeader. These estimates should not be construed as

a detailed or accuriate account of the valme of these resources. }t
should, be pointed out that.the extremeély rapid imflation in meat prices e
sinte 1972 is quickly pushing up the value of locally. consumed.animal ' :
resQutces of the area,

- ° e

i .
P | < ~ ) N
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Summéry of Envirommental Impacts
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" to tmvc 8ilt ucmh—

.Table 39.
. » "
. . . . \
Environmental Asteqta under Magnitude
Consideration ' Cause of Impact of Impact .
) o ’ A . « ’
- . B 2 ) .

1L = Light impact 8’ .

M = Moderate impact 5 e 2 Comments
S = Severe lmpact e - 23 s
LM = Light to Moderate impact s M e o <% 3
MS8 < Moderate to Severe impact T § s 3 £ 59
? = Impact an.no‘-n 28 vo w2d 8 e we U
P = Positive effect §3 o4 8% 5,3 oy ¥y« o Y
0 = Neutral effect o o> £ ® 0O 00 ° a9 o

- ! g8 Essicd 2FEEER ~
. / \ .
. To'rgea:rig’l' Vegetation b '
Willow Dapege . ~
West End . ‘ X s s § v
East End ' X s .8 8 " Virtually all available .
Aspen Damage wildlife habitat; also
vest End ‘ X - s s aesthetic consideration
East End .’ o X S S s . .

. orth SHoré ) X : L s L ' ) : C

Spruce Damage ' : Primarily an aesth.at{c/ 4
North Shore X L s L cdnsideration .

Aguatic Vegetation N
Reduction Lake Aquatic. 0y, o Reduces lake produ'\ction.; . v
,v-l(eu End e . X X M reduces food and lshitat LI 4

“East Egd -, | i X X M5 for sub-adult and forage »
: - fish; depends on migni-
Reduction vavor Aqucticu‘ . X M tude of storage and K

Ice * ot . amount of drawdown

. A4 & : ’ .
Delay of Lake Breakup - . <, X ¥y M M5 Affects lake productiv~ . .
) T ity and human activity.
" Ice Jming_ Outlet - . X MS M M5 Affects waterfowl and,
Ve : ‘ . ! human activitv. -

' 4 . - ’ .

Vater Tgerlture : : | d
~ Less Daily 'fempcucurc Fluctuation \

1p Lake = ¢ ) . X P 0 P ' ’

* slgwet Freering of Lake > S ‘P 0 P , } ‘ . o
81’.: Spring Warming of hkiu P.iver . o X o M ] Lowers aqnull production; .
Gu?ccr Temperature Fluctuation of : . IR P T,

ukiu ver . X X L. L 0 Provided tdcqmu:e ummer” .
. B toe R flows. | - .

. ) A . - ‘ \\, 7
Ero-;og zg;g;d;tx“hdmngion / . - ST L .
. Shoreline Erosion ' ’ R S IM M WM o -
" ‘Long. 'fcrn Dccuuc in Turbl.dity X -~ P P P May 1ncnue ghytophnk-‘ :
. _ - . U . ton slightly.: . .

lncruud Sodlmntatton ol uko . e X- X 73 ? Could inctease 'aniual - ) :
: SO : T C s production, but could . g e v,
T : “ o e " hasten eutrophicatien, - . -
- suuuon of livcr spmung cnv,h' o X - M 07 M Effact proportinal to R
. . T . #11t losd of strsam. o
Suntion of FAll-Spmtng Araas X ¥ -0 MS oo e .
v'sut!uon;}.llkiu Mvct Up‘truﬂ A e S e
.of Dam Valt 3 ) Lo X I A * Faunal shift; possible . :
T Lo S AR B S _ - ‘ghtreased production;  T:. . . ..
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" Figure 2.
v
.
‘ B S0

)

Environmental map of’KéngQ Lake area. -‘Soundings taken in

mid-August, 1972, when water level was approximately 726
feet abové Mean Sea Level. Map shows 'net ork of 30 summer
lake sampling stations which should not be confused with
seven winter sampling stations shown in Figure 1. Inflow-
ing rivers wére also sampled near mouths but stations 'are
not shown 6n map. -Station 3 was the most frequéntly sampled
station.. Only summer fishing locations used to calculate
average "standard gang catch" are shown. Depths to s{It\;

bottom were measured in late Sepiemb r and early October el
~.

when water level was approximately 725 feet above Mean Sea
Level. ¢ . :
, , -
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. Temperdtuve profiles undef fce, May 7, 1972,
- Locationg of stations are ghown on Figure 1.. "
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White suckers
‘Burbot

Unidentified fish
Fish eggs ‘
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Figure 10. ‘Stomach contents of lake ciscoes.
.~ CLAp Cladocera .
N COPE - Copepoda : ) '
ZOOoP Zooplankton totdl B
OTHE Other (non-planktonic) invertebrates "
[ ] s . A
1, No. of fish containing organism X100
i Total No. of fish examined
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Figure 1l. Stomach contents of lake whitefish (caught in lake).

MAYF Mayflies (Ephemeroptera) % N
GCADD Caddisflies (Trichoptera)
CHIR . Chironomids (Chironomidae) A 3 L
"~ DIPT Other Dipteran Flies (Diptera)
DAMS > Damselflies (Zygoptera)
' WBUG Water bugs (Hemiptera):
BEET . Beetles (Coleoptera)
TERR Terrestrial insects .
UNID  Unidentified insects

SCUD Scuds (Amphipoda)
MYSI Mysis "(Mysidacea)

CLAD Cladocerans (Cladocera)
COPE Copepods (Copepoda)
- OSTR . Ostracods (Ostracoda)
MITE Mites {(Hydracarina)
LEEC . Leeches (Hirudinea) ' A
SNAI Snails (Gastropoda) : ;
= CIAM Clams (Pelecypoda)
: INVE Invertebrate total
0 g UNFI Unidentified fish
- FEGG "Fish eggs
. o ) FISH Fish
N - Nymphs -
L Larvae o . o , )
A, Adults | | |
(4  large e '
‘ SM Small . '
- o 1 - No. of fish containing organism X 100
G f. o ‘ ‘ Total No. of ‘fish examdned ’
2 ) Total Wt of item ip all stomachs

s X 100
Tot wt. of all food 1temB in all stomachs S
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Figure 12. - Stomach contents of white suckers (caught in streams).

P

MAYF . Mayflies (Ephemeroptera)
CADD . €addisflies (Trichoptera) °
STON Stoneflies (Plecoptera)

.. CHIR Chironomids (Chironomitae) .
DIPT Other dipterans (Diptera)
DRAG Dragonflies (Anizoptera)
DAMS Damselflies (Zygoptefa) -

. WBUG Water bugs (Hemiptera) )

oo BEET - Beetles (Coleoptera)

TERR '- Terrestrial insects
UNID . Unidentified insects
SCUD Scuds (Amphipoda)
CLAD .Cladocerans (Cladogera)
MITE .Mites (Hydracarina)

. SNATL Snails (Gastropoda) )

/ CLAM Clams (Pelecypoda) .
FEGG = Fish eggs .
. . 4 . -
N . Nymphs ~
L ) Larvae
A’ Adults
- LG ~ Large
., SM Small
~ . E ’ . . ’ ' v :
, - . - . » ,

1 No. of fish cpntafnip_g_organism X 100

" Total No. of fish examined '
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Weight age relationships for walleye, pike, lake:
whitefish and white suckers.. Source:. unpublished
data of Fisheries Research Board study of Kakisa -
Lake fishery (August 13-28, 1968).
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' .
Figure 15 Frequency distributions of middle-of-the-month water
levels (in one-foot intervals) for the period of record.
Note that class sizes.are not all equal because of the
incompleteness -of the record. Schemes A, B and C refer

to the water level reglmes indicated by Lines A, B and
.C in Figure 1&.
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Figure 16. Middle-of-the-month water levels from Jume 15 to Septémber 15
for thé period of record. :

vl Scheme A (natural water 1eve1)

2 Increase in water level caused by hypothetical
. Scheme B (6 feet of live storage)
.
3 Additional increase in water 1eve1eover‘?ﬁa§£?f
Scheme B caused by hypothetical Scheme C (8 \eet

of live storage)
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Figure 17. Location map of cross-sections shown.in Figure 18.
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APPENDIX I. Water chemistry analysis
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APPENDIX II

TEMPERATURE AND DISSOLVED OXYGEN REGIMES

! IN KAKISA LAKE, N.W.T.

by .u

W.A. Fuller and R.J. Lamoureux } o

ABSTRACT

An environmental study of broad scope was undertaken on Kakisa
Lake, N.W.T. It was found that the _total water column responded very
ragidly to physical factors in the enV1ronment. Dissolved oxygen levels
remained near saturation throughout the year.® Oxygen consumption by
- bacteria, bottom organisms and fish during the 8-month winter period
appeared extremely low. o

Dissolved oxygen levels dnd temperatures were very uniform
throughout ‘the water column on most days. This was mostly attributed

L, to physical chardcteristics of the 1ake which promote wind agitation of

the entire water column. .
. » o ° . .
Phytoplankton was considered as gﬁssibly important in maintainipg
‘high oxygen levels in the lake. -Decay of orgamie material was. the principle
reagon put forward for several observed deviations from the normal super- .
saturated conditions in the lake. . '

E

Winter temperature profiles indicated a simple temperature
gradient of 0.8°C per meter from top to bottom. There was no evidence
for the- -existence in w1nter of a large stable 4°C water mass.- Strong
temperatute gradients were associated with rapid warming from cooler :
temperatures: These gradlents were easily broken down by wind action.
_ Water temperatures quickly followed ambient temperatuv*s. Wind—
mixing was postulated as a mechanism of heat transfer. High turbidity .
and long summer days were also likely causes for the’rapid temperature
changes with season and the, high summer temperatures.

o " =

Y

1 Deparrment of Zoology, University.qj Alberta, Edmonton. i : L
e . .o
o ’A'él ', ¢ .
PR v . -
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INTRODUCTION
. \ )
Early this year we were asked by Northern Canada Power Commission
to undertake an environmental study of Kakisa Lake, NWT. This study was

part of an overall feasiblllty study concerning possible future develop-
ment of hydro-electrjc potential on the outlet river from Kakisa Lake.

'+ We would like to thank Mr. Lowe of N.C.P.C. for allowimg us to
present a paper at this seminar prior to the release of the final
environmental report.

DESCRIPTION AND LOCATION OF KAKISA LAKE

Kakisa Lake (Fig. 1) interrupts the flow of the Kakisa Rlver
about 15 miles south of its discharge point in a broad part of the’
"Mackenzie Rive} known as Beaver Lake. It is a large, shallow lake, with
a maximum length of 24 miles, a maximum width of 8 miles, a maximim
depth of 20 feet, and an average depth of 12-14 feet. .

+

The lake is somewhat sausage-shaped and the shoreline is very
regular. The long axis of the lake is oriented in a southeast-northwest
direction, which will henceforth be called east-west to avoid confusion. P
The only major relief is provided by an escarpment which follows the )
south shore of the lake. The remainder of the terrain surrounding the
lake is flat and poorly drained. Beach-ridges, 4 to 20 feet high, were -
found around most of the lake. However, the western end of the lake ‘ \
merges into a sedge bog, and there are no beach-ridges. Rooted aquatics W
are Jlocally abundant, but are not found on more than 15 percent-of ‘the :
areal surface of the“ake. There are six major irlet streams and one
outlet stream. : J, '

‘ _ h

METHODS AND MATERIALS

s

-

It was possibie to carry out a four-season study in Shven months,
by commencing in mid-March (2 1/2 months before spring breakup) and
‘finishing at freezeup in mid-October. The study was very br?ad in scope,
since all aspects of the environment both aquatic and ter:estrial
required careful considération. ‘ J

To avoid the comp%ications of developing new techniques, only
very basic, time-tested techniques were employed. Limnologlcal and o
fisheries work was carried out with ‘'standard equipment, such as Ekman .
dredge, Wisconsin plankton net and nylom~gillnets, Sonar was used to.
goed advantage for sounding. Temperaturds were taken with & Applied
Research ET100 Telethermometer. Dissolved bxygen was determined by the
Alsterbqu (azide) modification of the Winkler-method. A great ‘deal of e

» D S
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general environmental data was gathered by direct observation, collection
and air photo interpretation.,

.

Limnologic¢al information was gathered at stations distributed
around the lake during four major sampling periods: pre-breakup, early
summer , mid-summer and pre-freezeup. In addition, data was gathered at
more frequént intervals at Station P (Fig. 1).

Data presented in Figs. 2, 3, 4 and 6 are synthesized from data
from widespread statidns sampled infrequently as well as from station P
which was sampled frequently. This is justified by the fact that data
collected on a given day at widely separated locations were always quite
homogeneous. ' ’ '

o

RESULTS .

- . Dissolved Oxygen

Dissolved oxygen measurements were made in two of the inlet
streams and in the lake prope¢ prior to spring breakup. .At the locations
}tested,_both streams were anaé¢tobic, with HpS levels of from 3-5 ppm.

Late winter dissolved oxygen levels in the lake proper, however,
ranged from 11.0 to 14.2 ppm. Percent saturation ranged-from 78 percent
to 105 percent. . .. - )

Dissolved oxygen levels (Fig. 2) at various times of the year
.ranged from 14.2 under the ice to 8.1 in late July. Percent saturation
(Fig. 3) ranged from 87 percent to 122 pércent. It should be noted that
maximum levels of ‘dissolved oxygen expressed as ppm do not necessarily
coincide with maximum levels expressed as percent saturation, since
saturation levels are temperature dependent. i

Saturation levels were above 100 percent most of the yéar, except
during a brief period just after breakup, during the latter part of July,
and during the fall cooling-off period. . ‘

~ Only on August 11 was there a significant difference,in dissolved
oxygen (l.1'ppm) between top and bottom of the water column. *This was
“during. a period of ambient temperature fluctyation, which caused an .
.’ abnormally strong thermal gradient in the water columns At all other
times, differences between top and bottom dissolved oxygen levels (in ppm)
werg well within the limits of error of the Winkler method. .
L] . ' N

Temperatures

.Fig. 4 reveals that Kakisa Lake warmed up very rapidly im the
gpring, reached high (17°C = 19°C) and stable summer "temperatures, ‘and
" cooled off very quickly im the fall. Water temperatures followed ambient -
_ temperatures with very little lag. o ' e, :

e
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Change from full ice cover to summer conditions of 17°C took

approximately three weeks. The summer period lasted about 2 1/2 months
until:September ‘1. Rapid cooling of the water then took place, so that
the total water column was at maximum density at 4°C by September 26.

"~ After that date, it was theoretically. possible for an ice sheet to form
over night. Actual freezeup occurred on October 10. This ice sheet
was‘stfia,;nfﬁct when the project was abandoned October. 14. Local
resideats told us that permanent ice sheets normally did not form until

the end'

\<

of the month.

a

Stable temperature gradients occurred only during winter (Fig. 5).

There is no strong evidence for the existence of large stable masses of

dense 4°

Station

C water. The only evidence for such a water mass occurred at
5, where temperature stabilized at 4°C from 3.5 m to the bottom

at 4.3 my, In more typical cases, there is a steady gradient of about.
0.8°C per meter from top to bottom. '

Marked differences in temperature from top to bottom of the water.

column were principally associated with spring breakup (Fig, 6). Even
during this time, however, the strong thermal gradients that developed
were frequently broken down as the temperature of the water increased.
During the remainder of the ice-free period, temperatures were very

uniform

temperature difference from top to bottom was 2.1°C.

throughout the water column, except on August 11 when the

DISCUSSION

-

The winter anaerobic conditioﬁs found in the two streéms investi-

gated appear to be the result of low gradient, low flow, high summer '

organic
Streams,

production and total winter ice cover. It appears that all inlet
excluding the Kakisa River are similarly winter anaerobic, the

Properties on these other streams being even more conducive to anaerobic

conditions.

<

A large proportion. of the temperature and dissolved oxygen

phenomena reported for the lake proper could be attributed to five

physical

sides of the lake.

factors which dominate this particular-environment’,

1. The .lake is shallow for its size.

2. High wind exposure results from the very low relief on three

3. The long axis of the lake is oriented in a northWESt~soutﬁeast

direction. Hence, the lake receives maximum exposure to the most frequently
. ocecurring winds. ' : , ‘ S . S

’

* and inf1

4. The large aré{;igxtent of the lake increases wind exposure’
uences local weather patterns by causing onshore-offshore winds. °
5. SolartyéaiatiOn_is very igtenée and of long durétion'during‘the
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long summer days.

It appears that factors 1 to 4 result in very thorough agitation

of the entire water column throughout the ice-free period. This is .
likely the principle cause -of the very high and uniform dissolved oxygen
levels throughout the water columa. In addition, it appears that phyto-
plankton could play an important role in keeping dissolved oxygen levels
high. Because of the long summer days, the period of active photosyn-
thesis is approximately three times longer than the period of night
respiration at the time of the summer solstice. It is quite possible
that the high degrees of supersaturation occurring in early and late
summer could be due to plankton blooms. The mid-summer low could be
due to a phytoplankton die-off. These speculations have not as yet
been verified although a phytoplankton bloom was observed in mid-August.

~ The sharp drop and slow rate of recovery of dissolved eoxygen
levels- after mid-August is very likely due to very intense bacterial
decomposition of dead plant material, Organic material is uniformly
spread through the water column by wave action, resulting in probable
high rates of decomposition and little organic buildup in the sediments.

Freezeup occurred this year at approximately® 95 percent oxygen
saturation. It does not seem unreasonable that supersaturdtion would
have been quite possible, had the lake frozen over three weeks later, .
as it did the previous year. Nevertheless, the high dissolved oxygen
Jdetels recorded in the late winter under the ice seem to indicate
virtually zero consumption of oxygen by bacteria, bottom organisms and
fish. It is possible that the temperature gradients as shown in Fig. 6
are somewhat steeper in the very cold winter months resulting in water
temperatures approaching 0°C and very depressed metabolic rates.

by , .

<

The five factors proﬁosed‘as the causes of high‘and‘uniform
 dissolved oxygen levels also appear to have a major effect on ‘tempera- .
ture regimes in thé‘lake,\ T )

Wind-mixing-of the total water column appears to break down
-temperature- gradients within a short period after their .formation
(Fig. 7). Strong temperature gradients are found only during periods
of rapid warming from cooler temperatures, as happened in June and mid-
August. Even these strong gradients are susceptible to wind action,
as evidenced by the June data in Fig. 7. It would®also appear that the
rapid turnover of thermal gradients is a major contributing factor to
the rapid rates of heat transfer obgerved to take place between the air .~

and the water.

. An, incidental effect of constant agitatjon of the water column
1s the high turbdidity and resultant low albedo of the water. This
‘could greatly assist the rate of increase of water temperature’ in the.
spring. By the#same token, it should reduce the r§;e'of cooling in

the fall. .

' Finally, we should ndffﬁn&ereStimalelthe effect of the long
summer days 1in the north,:causing rapid warming of the lake in’spring
and comstant high temperatures during the summex, - ’ '

: ' ' B %
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In concluding, we should point out that the dominant character-

istic of Kakisa Lake is the extremely rgpid response of the total water
column to physical factors in the enviggﬁment. This results in high

and uniform oxygen saturation levels throughout the year, high summer
water temperatures, low winter water temperatures and very rapid changes
in water temperatures with changes in season. Thus, the Kakisa Lake
environment appears to be somewhat severe from the point of view of
temperature but quite moderate from the point of view of dissolved '

0xygen. . . ) v

-

OPEN DISCUSSION WITH QUESTIONS AND COMMENTS FROM THE FLOOR

Dean D. M. Ross, Chairman o
* k %
! ¢ . . \

Chaitman: Are there plans for development in this lake?

-

o
*~

R. Lamoureux: Yes, that was the premise for this study in the first place. .

D.M./;oss: Are they going ahead with anything?
. : ’!\
R. Lamouréux Well, it's uncertain right now. These are basically data

which we provided to help in making the decision. I really gon't'have
any comment to make about that, . -

J.R. Nursall:* My question really follows on what Dr. Ross just said. ,\>
This is a pre-impoundment study that you have done. It is known where

the impoundment might be mzde where an actual dam might be bullt, is

it known what® variatien might follow in lake levels?

) 6 . , ‘a
L. %

R. Lamoureux: Yes, the idea is to put\ the impoundment and the storage
for the power project on Kakisa Lake itself.‘.The actual regulation
point would be about 3 miles downstream at. the outlet, Actually, this
three-mile stretch of the river would be at the same level as the level
of 'the lake. It appears at present that the fluctuations would not be
particularly great, because of the topography of the region._

-
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Figure 1. Kakisa Lake Study Area. Coordinates are given in
. top left hand corner. Station numbers indicate
‘locations of winter sampling locations. ST P
Benotes_ location of most frequently sampled
' summer 1ake station,
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