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1. ABSTRACT

Li mol ogi cal paraneters and fishery
characteristics of 11 of the Okanagan headwater | akes were
exam ned in an attenpt to deduce and docunent a) basic factors
and rel ationships in biological productivity, b) inpacts of man-
made habitat alterations, and c) ultimate potentials for fish
production. Intrinsic factors relating particularly to altitude
and norphonetry were found to set the basis for productivity.
The greater precipitation associated with the higher altitudes
makes for nore dilute waters, while the concurrent | ower
tenperatures and shorter growi ng season further hinder
opportunities for biological activity. Shallower |akes wth
greater littoral developnment tend to be nore productive. Wthin
this basic framework of controlling factors, extrenmes of water
inflow (either high or low and of water |evel manipul ation
operate to reduce productive potentials.

| npoundnment and mani pul ation activities are nost
directly detrinental to the bottom fauna, and particularly to
t hose organi snms which are nost favored dietary itens for rai nbow
-trout. Certain organisns are enhanced by mani pul ati on, and
these may support good trout production in the period of
accel erated productivity imediately foll ow ng i npoundnent .
Attractive and useful rainbow trout populations can clearly be
mai ntained in reservoirs subjected to annual drawdown affecting
as nmuch as 33% of the area and 50% of the vol une, provided that
drawdown depths remain sufficient to prevent winter-kill.



St ocki ng of fish has played, and nmust continue to
play, a major and expanding role in the perpetuation of these
fisheries. Many of the | akes are w thout natural reproductive
opportunities and in any event could not sustain even present
expl oitation pressures without artificial enhancenment of stocks.
I ndi cations are that intensive managenent on the basis of fry
and yearling introductions can produce sport-fish yields of
about 15 I b/acre at the higher elevations, and up to tw ce that
amount bel ow + 4000 feet, provided that mani pul ati on of water
| evel s is not extreme and coarse fish are not present. On the
basis of fishing habits prevailing in 1971, the yields cited
correspond to 1:3 and 45 angling-days respectively of angling
participation per surface acre.
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2. SUMVARY
Sone 130 Ckanagan headwat er | akes contribute to current sport
fishing opportunities in the Valley. Factors influencing the
bi ol ogi cal productivity and fisheries of these waters were
exam ned on the basis of 11 "key" | akes selected for their broad
range of physiographic, physical, chem cal, and hydrol ogic
characteristics.
El evation is a predom nant factor in the |immol ogy-fisheries
of the headwater |akes. Eighty-three of them (64% |ie between
4000 and 5500 feet.
Seventy-nine of these headwater |akes, including eight of the
"key" nmenbers, have been devel oped as active reservoirs primarily
for irrigation storage. The operating schedule dictates that
| onest water |evels occur during autum-wi nter. The extent of
annual drawdown differs wth reservoir characteristics and water
demand. It may approach or equal 100% in sonme cases.
Al'l but nine of the 129 | akes are | ess than 200 acres. The
conbi ned surface area is 10,400 acres, of which a |arge com
ponent is shallow, littoral habitat.
The el even | akes specifically investigated undergo character-
istic summer tenperature stratification. This |asts |ongest
in the deepest |akes, particularly at the |ower altitudes.
Al'l but one of the | akes had severe bottom oxygen depl eti on.
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Turbidity and discol oration are increased by mani pul ati on of

wat er |l evels, nore so if inpoundnent activities have been
recent.

Total dissolved solids content in 10 of the | akes ranged from 48
to 122 ppm The over-riding determ ning factor for solute
content is precipitation, which in turnis primrily controlled
by altitude. Agur Lake, which has no surface outflow, has TDS
of 232 ppm The chem stry of Agur Lake is unique in many
respects, and it is the nost transparent, |east discolored of
the 11 | akes.

El evat ed phosphorus | evels occur in conjunction with recent

i npoundnent (Lanbly Lake). They al so coincide with the nost
severe instances of bottom oxygen depletion.

Phyt opl ankt on abundance and conposition reflect the trophic
status of the | ake. Chrysophyceans are absent or scarce in only
the richest | akes. The negative influence of altitude is
apparent in phytoplankton production as indicated by chlorophyll
concentrations. Mnipulation of |ake |evels (drawdown) seens to
enhance phytopl ankt on production but this is not carried through
to higher trophic |levels except anong the newest reservoirs
(Lanbly Lake).

The | owest popul ati on of bottom fauna was found in Hydraulic
Lake, which is the nost severely manipul ated. Bottom fauna
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bi omass producti on does not appear to be seriously jeopardi zed
until annual water fluctuations exceed 50%in terns of volune, or
33%in terns of area. However, serious changes in bottom fauna
conposition are wought by | esser degrees of nanipul ation.

A i gochaet es and chironom ds are enhanced by reservoir devel opnent
and operation, whereas anphi pods, nolluscs, and insects other than
Di ptera are curtail ed.

At least 126 of the 129 Ckanagan headwat er | akes have rai nbow
trout popul ations deriving fromearlier, often continuing intro-
ductions. Brook trout, yellow perch, and bass occur in a few
headwat er | akes, but rai nbow are the nmain angling species.

The highest gillnet catches of trout were made in Lanbly Lake,
the lowest in Hydraulic and Headwaters. Lightly exploited | akes
wi th natural reproduction (Fish Hawk, Al ex) also yielded relatively
| ar ge cat ches.

Gowth of trout is generally much slower than in, for exanple,
kanagan Lake. Gowmh is inversely related to altitude, presence
of conpetitor species, reservoir manipulation, and opportunities
for natural reproduction

Trout appear in relatively emaciated condition in heavily nmani -
pul ated | akes, and in | akes where conpetition for food, either
anong thensel ves or with other species, is particularly heavy.
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Trout produce relatively nore eggs in | akes such as Lanbly,
Jackpi ne, Oyama. These | akes have especially favorabl e feeding
opportunities.

Amphi pods are typically eaten in proportions exceeding their
abundance in the fauna, indicating that trout actively select
them Anphi pods are anong the organi sns nost sensitive to
reservoir mani pul ation. Invertebrate organi snms which react
positively to inpoundnent and mani pul ati on are not efficiently
utilized for food except in new reservoirs. Reservoir operation
tends to interfere with utilization of Zoopl ankton because of

i nduced turbidity. Trout in heavily mani pul ated | akes feed
extensively on surface foods in sumrer.

bserved | evel s of nercury, copper, |ead, and zinc; and of DDT
and its derivatives, are well below tol erance standards anong
rai nbow trout in the seven | akes sanpled. DDT derivatives are
nore concentrated in |akes in the northeast area of the basin.
The el even | akes were ranked according to various physical,
chem cal and bi ol ogi cal characteristics. "Scores" of physical-
chem cal, bio-productivity, and trout popul ation indices were
derived fromthese rankings. The primary basis of productivity
is clearly set by factors relating to altitude (tenperature, ion
concentrations, grow ng season), and norphonetry (extent of
littoral area, shoreline, etc.). Conparison of the various
scores
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i ndicates that extrene water inflow (both high and | ow), and
extrenme reservoir manipul ation, are the main factors contributing
to "non-conformty” in the altitude-norphonetry: productivity
relationship. 1In addition, trout popul ations are seen to be

hi ghly susceptible to conpetition fromcoarse fish species.

Al t hough absolute tolerance limts are not readily identifiable
or nmeaningful, it is clear that attractive and useful rainbow
trout popul ations can be maintained in reservoirs subjected to
annual drawdown affecting as much as 33% of the area and 50% of
the volune. An inportant qualifier is that sufficient depth be
mai nt ai ned over winter to ensure an adequate oxygen reserve. Lakes
and reservoirs with maxi num depths |l ess than 25 feet tend to
winter-kill if |ocated below + 4000 feet elevation.

Most of the headwater | akes | ack adequate spawni ng opportunities
for the natural maintenance of attractive rainbow trout popu-

| ations. An active stocking programis accordingly conducted and
pl ays a key role in perpetuating the Okanagan headwater fisheries.
Heavy stocking in conjunction with heavy exploitation currently
produces annual sport-fish (rainbow trout) yields up to 14 | b per
acre fromthe nore nutrient-deprived | akes characteristic of the
hi gher altitudes, and up to 37 Ib per acre fromthe richer | akes
bel ow £ 4000 feet. These 1971 peak rates of



harvest resulted from and accordingly provided, 13 and 45
angl i ng-days respectively of fishing participation per acre
in the two | akes where they occurred (Swalwell and Pi naus).



3. | NTRODUCTI ON
3.1 Purpose and rational e.

This investigation of the |Iimology of selected
headwat er | akes in the Okanagan Basi n was undertaken as part of
the Canada-British Col unbi a Ckanagan Basi n Agreenent. | npetus
for the investigation was a grow ng awareness of the role of
tributary systens in water managenent in the Okanagan, and al so
the realization that these systens support considerabl e water-
based recreation. Sonme 129 kanagan headwat er | akes have been
identified as currently contributing to sport fishing
opportunities; of these at |east 79 are subject to artificial
hydr ol ogi ¢ mani pul ati on.

"Li mol ogy", for the purposes of this investi-
gation, was considered in the broadest ternms to include the
direct fishery inplications. Fisheries, in fact, delimted the
scope of the study in that only headwater |akes (and/or
reservoirs) with known fish popul ations and proven | ong-term
fishery capability were dealt with. Small ponds with inter-
mttent fishery potential were not considered. Also
specifically excluded were the six main | akes of the valley
fl oor, these having been investigated through a series of other
tasks. Aspects of stream ecol ogy have, |ikew se, been descri bed
el sewhere.

Fragnentary |imol ogi cal observati ons have been
conpil ed for sonme of the Ckanagan headwat er | akes as a result of
a continuing program of sport fish managenent by the British
Columbia Fish and Wldlife Branch. Certain relevant hydrol ogic
and norphonetric data have al so been generated by the B.C. Water
Resources Service. However, no general assessnent of the



i mol ogy of these particular | akes was avail abl e, nor had

t here been any integrated consideration of their potential to
produce fish. The present study undertook, in part, to esta-
blish such a framework. The express purpose was to define the
range of |imol ogical paranmeters operating in these | akes and
to fornul ate an understandi ng of how these factors function
and interact to delimt fish production opportunities. This
information is required as a baseline for Task 18, purpose of
which is to evaluate fishery potentials and opportunities
under sel ected water managenent alternatives.

A rel ated and secondary objective, and one
whi ch has energed as bei ng of considerabl e inportance, was
sinmply to gain overall famliarity wth the headwater | akes
here represented, and with how they are |inked to Okanagan
wat er managenent practices. These practices have direct and
i nportant fishery managenment inplications which involve the
majority of the | akes.

3.2 Scope and schedul e of investigation.

It was obviously not possible to investigate 129
| akes with the tinme and resources avail able. The approach
adopted was to select a few key | akes exhibiting a variety of
gross characteristics, and to exam ne as many aspects as
possi bl e of their |imology-fisheries. Eleven |akes were
incorporated in this itinerary, and di scontinuous observations
were al so made on several others as tinme permtted. The ulti-
mat e obj ective was to characterize | akes and their associ ated



fishery resources rather than to deduce conpl ex |imol ogica
mechani snms. To this effect, seasonal trends in biological and
physi cal -chem cal paraneters were enployed strictly as aids to
this characterization

Wth the exception of two | akes which were not
included in the first series, the eleven key | akes were each
visited on three occasions in 1971. The first visit was nmade
bet ween June 9 and 16, the second between July 19 and August
26, and the third between Septenber 25 and Cctober 26. The
schedul i ng was intended to coincide with onset of thernma
stratification (first visit), with height of stratification
(second visit), and with conplete autumm turnover (third
visit). These criteria were generally net except that the
deepest | akes had not fully circulated by the tinme of the final
visit.

In the followi ng account the el even | akes are
consistently treated in their order of clockw se occurrence,
commenci ng fromthe southwest, in the Ckanagan Basin.

3.3 Conversion of netric units.

Certain data contained in this report are given in
metric units. Equivalent English unit values are given
si mul t aneously when convenient. Conversions can be achi eved by
reference to the followng list:

1 neter = 100 centineters = 3.281 feet
1 square kil oneter = 0.386 square mles
1 1liter = 1000 cubic centinmeters = 0. 88
| np. quart
1 kil ogram = 1000 grams = 2. 205 pounds

1 kil ogram per hectare = 0.892 pounds per acre
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5. THE GEOGRAPHI C BACKGROUND

The inherent biota and productive capacities of
| akes are largely the product of their geological history, the
devel opnent of soils and vegetation in the watershed, and climte
(Rawson 1960). As an aid to understanding the |Iimol ogy of the
headwat er | akes, the physiography of the area is briefly
summari zed bel ow.

Latitude and | ongi tude co-ordi nates and drai nage
connections for the 129 Ckanagan headwater | akes are given in
Appendi x Table A and are shown in general format in Fig. 1
Locations are summarized in Table 1 for the el even | akes sel ected
for detail ed observation under Task 66. Many of the | akes,

i ncludi ng eight of the present series, have been devel oped as
storage for irrigation and/or nunicipal purposes. Mst of the

| akes lie in sub-basins tributary to Lake Ckanagan. O the
present series, Swalwell Lake drains first into Wod Lake via
Ellison Lake, while Oyama Lake drains first into Kalamal ka. Agur
Lake has no surface outfl ow

The Ckanagan Basin lies in that |inmmol ogical
regi on designated the Southern Interior Plateau (Northcote and
Larkin 1956). This is an area of nostly sedinentary and vol canic
rock, extensively glaciated, and with a mantle of |acustrine
silts in many places (Schofield 1943; Mathews 1944). Lakes in
this zone characteristically have total dissolved solids in
excess of 100 parts per mllion, high standing crops of plankton
and bottom fauna, and variable fish quantities (Northcote and
Larkin 1956).



! ()
/{ {
1 \‘7
Pinaus oo '\""L_‘_’_/ |
/. Y-
e jy )
=

”~
/ Oyama
df Alex

[ - - Swalwell

o —
- ——

o~

—
/
Lambly C | p )
XS ' v ’ ‘y {
A ‘ Vil ’/V( Fish Hawk
Jackpine .' IS w
‘-"\__J ‘ ’_//
< 8 N/
‘ _
Headwaters #I\ ,"/ ' Hydraulic
) - //\
SN (
Munro \/ » \
% =)
(0 \

H (4 —Scale -

| 1] 20 miles
A\ %

~
——— e e e P ES S _Colrbiz ) \T e N\SEEEA

wassrzgron UdS 4

Y

Fig.1 Locations and drai nages of 129 headwat er | akes contai ni ng sport
fish popul ations in the Ckanagan Basin. The el even | akes sel ect ed
for detailed study in 1971 are indicated separately.



TABLE 1

Some geographic features of el even sel ected headwaters | akes in the

Okanagan Basin, 1971.
Altifude Location Drainage Area Drainage

Feet Meters Latitude Longitude Miles? Km® Course
AGUR 3800 1158 49°35100" 119°49150" 0.7 1.81 No drainage
MUNRO 5200 1585 49°%42150" 119°55110" 1.0 2.59 Trout Creek
HEADWATERS #1 4200 1280 49°481 40" 120°00 20" 10.5 27.20 Trout Creek
JACKPINE 4300 1311 49°s54150" 119°48110" 2.2 5.70 Powers Creek
LAMBLY 3800 1158 49°57130m 119%42130" 11.1 28.75 Lambly Creek®
PINAUS 3300 1006 50925140 119°35150™ 16.0 41.44 Equesis Creek
OYAMA 4400 1341 50°06110" 119°16110" 9.2 23.83 Oyama Creek
ALEX 4800 1463 50°06110" 119°12140" 4.5 11.66 Vernon Creek
SWALWELL 4500 1372 509031 10" 119°13'50" 24,3 62.94 Vernon Creek
FISH HAWK 6000 1829 50°01 140" 118951 130" 2.1 5.44 Mission Creek
HYDRAULIC 4000 1219 49046'10" 119011'10" 19.3 49,99 Mission Creek

a

Di verted from nat ural

Lanbly Creek drainage to Powers Creek



The Ckanagan Valley itself is rinmed by two
nount ai n ranges which reach altitudes in excess of those
general ly encountered in the Interior Plateau. These constitute
the East and West (Okanagan Hi ghl ands of Brink and Farstad (1949),
and are designated |limologically as the Southern Interior
Hi ghl and by Northcote and Larkin (1956). Precipitation here is
hi gher, summers are cooler, and winters are | onger and nore
severe than on the adjacent plateau and in the valleys. Lakes in
this limol ogical region tend to have | ower TDS, brown-stai ned
wat er, and | ow val ues of plankton, bottom fauna, and fish
(Northcote and Larkin 1956).

The vast majority of the Okanagan headwat er | akes,
including all 11 selected for detailed study, lie in the Southern
Interior Hi ghlands region by virtue of being above 3000 feet
el evation. However, three of these | akes, |ying between 3000 and
4000 feet, show characteristics internedi ate between those
suggested by Northcote and Larkin as distinguishing | akes on the
pl ateau per se fromthose of the highland region. It is thus
apparent that a Iimol ogical gradient in fact separates these two
regions; and it would appear that altitude, or sone function of
altitude, is the primary determ ning factor

Al titude anmong the Okanagan headwat er | akes has
profound effects on tenperature, length of grow ng season, and
precipitation. |sohyets of annual precipitation have been
drawn for the entire Basin under Task 53, incorporating a grid-
square technique on the basis of altitude and latitude (W Obed-
koff, pers. comm). Annual precipitation at each of the 11 key
| akes was interpolated fromthis plot and shows nore than a 2-
fold variation. The values are as foll ows:



Agur 19 inches

Munr o 25 "
Headwat ers No. 1 24 "
Jackpi ne 22 "
Lanbl y 22 "
Pi naus 24 "
Oyama 27 "
Al ex 30 "
Swal wel | 28 "
Fi sh Hawk 40 "
Hydraul i c 26 "

The positive relation between precipitation and
altitude is readily seen by conparing these data with Table 1.
An inmportant qualification is that precipitation also
i ncreases fromsouth to north, and fromwest to east in the
basi n.

The size and nature of a drainage basin act in
conjunction with precipitation to determ ne the avail able run-
off to alake. This in turn influences the nature and anounts
of nutrient materials transported to the |ake, and the rate at
which materials are flushed out (Patalas 1960; Voll enwei der
1968). Drainage basin areas for each of the 11 sel ected | akes
are given in Table 1. As an exanple of the inpact it mght be
noted again that Agur Lake, with the small est drainage area
and the | east precipitation, has no surface outflow.

O the 11 key | akes specifically studied, al
but Al ex are accessible by notor vehicle (see Table 2 for
access tinmes and distances). Alex Lake requires a 45-m nute
hi ke from Dee Lake. None of these |akes lies nore than 30
mles from H ghway 97, which runs north to south through the
val | ey.



TABLE 2 . Description of access,

in the Ckanagan Basin, 1971

11 sel ect ed headwat er

| akes

Distance (miles)

from Hwy. 97 (or Condition Access

other paved road) of time,
Lake to lake Access minutes
AGUR 13 Fair 30
MUNRO 17 Poor 60
HEADWATERS #1 16 Good 45
JACKPINE 26 Fair 75
LAMBLY 18 Good 45
PINAUS 6 Good 30
OYAMA 10 Poor 70
ALEX 17 Hike 90
SWALWELL 9 Good 40
FISH HAWK 35 Fair 90
HYDRAULIC 30 Good 45




6. SELECTI ON OF KEY LAKES

A considerabl e dil emma was posed by the nunber of
vari abl es known to be involved in the fishery potentials of
t hese | akes, and the time and resource constraints avail-able
to conduct the investigation. It was necessary to rely
conpletely on the accumul ated know edge and opi ni ons of | ocal
personnel of the B.C. Fish and WIldlife Branch, particularly
Fi shery Biol ogi st S. MacDonal d, for the selection of represent-
ative |l akes exhibiting a range of variables for study of their
conparative inpacts. Since so many of the | akes are inpounded,
artificial manipulation played a key role in this selection.
Ei ght of the 11 lakes finally chosen for study are inpounded (a
simlar ratio as in the overall basin). Besides its obvious
i npact on fish food organi sns, inpoundnent al so has ot her
i mportant managenent inplications for fisheries. Anobng these
inplications are optimzation of stocking rates relative to
mani pul at ed habi tat dinmensions; and depth-survival relations,
particularly under ice cover in winter. The annual operating
schedul e for the Ckanagan reservoirs dictates that |owest water
| evel s occur during the critical autum-w nter period.

The variabl es considered in the selection of key
| akes, and the resulting choices are summarized in the matrix
of characteristics, Table 3.



TABLE 3. Matrix of variables considered in the selection of
key headwater |akes in the Ckanagan Basin for study
of |imol ogy-fisheries interactions.

Altitude High - Moderate Low
Fish Hawk 5 lakes Pinaus
Munro Agur
Alex Lambly
Side of Basin West East
6 lakes 5 lakes
Area Small Large
Alex Swalwell
Agur Oyama
Depth Shallow Deep
Agur Pinaus
Fish Hawk
TDS Low Moderate
Alex Agur
Impoundment very recent Mod. recent Long ago
Lambly Headwaters Jackpine
Manipulation None Minor Extensive
Alex Pinaus Hydraulic
Headwaters
Jackpine
Lambly
Coarse fish Absent Present
’ Lambly Headwaters
Hydraulic
Stocked None Moderate Heavy
Alex Munro Pinaus
Access, accommodation Poor Excellent
Munro Pinaus



7. METHODS

Tenperature, dissolved oxygen, pH, specific
conduct ance, transparency, and water |evel data were obtai ned
during all visits to the 11 | akes. The second and third trips
provided information on nutrients and di ssol ved ions, plankton,
bottom fauna, and fish. Each visit was of 1 to 3 days'
dur ati on.

Bat hynetric maps were already avail able for eight
of the | akes. The remmining three (Agur, Al ex, and Fi sh Hawk)
wer e sounded by handline. Sonme suppl enentary handl i ne soundi ngs
were al so done on Headwaters Lake No. 1. Soundings were tined
along charted transects and were plotted on maps enlarged from
t opographi c series or aerial nosaics. Depth contours were
plotted at 2-meter intervals. Depth zone areas were determ ned
by pl ani neter, and vol unmes were cal cul ated according to formul a
(3) of Hutchinson (1957) Chapter 2. For reservoirs of known
di mensi ons, areas and vol unmes were extracted from capacity
curves fornmulated by the British Col unbia Water Resources
Service. Units were converted to the netric systemthroughout.

Wat er transparency was neasured with a 20-cm
Secchi disc painted with alternating black and white quadrants.
Tenperature and di ssol ved oxygen were neasured in vertica
profile wwth a YS1 Model 54 neter. pH was determined with a
Hach col or conparineter, and specific conductance was neasured
inthe field with a Beckman RA2A conductivity nmeter. Water
sanples for nutrient and ion anal yses were packed with ice and



shipped in coolers to the West Water Quality Subdivision,
Department of the Environnment, Calgary. Analyses were usually
conducted wthin 24 hr of sanpling.

Integrated vertical water sanples for phyto-
pl ankt on qualitative exam nation and chl orophyl| determ nation
were taken with a flexible plastic tube (Lund and Tailing
1957). Sanpl es were obtained through the upper 7 mduring the
m dsumrer series, and through tw ce the depth of the Secchi disc
visibility in aututmm. Both series represented approxi mati ons of
t he euphotic zone, the latter probably being nore definitive in
this regard (M chal ski 1971). Non-integrated vertical sanples
for chlorophyll determ nation were also obtained at m dsunmer;
t hese sanples were taken with a 2-litre Van Dorn bottle at
surface, 1.5, 3, 5, and 7 m and at deeper levels in the deepest
| akes. Chlorophyll was determned by filtering 500 m of sanple
t hrough a Whatman G-/ C filter, extracting in 90% acetone with
the aid of a tissue grinder, and reading on a fluoroneter
(Schindler et al. 1971). The fluoroneter was standardi zed with
acetone extracts of phytoplankton in which pignments had been
determ ned spectrophotonetrically. The results are expressed as
chl orophyl | a, but undoubtedly include sone deconposition
products. A second 500-m aliquot fromthe vertically-
integrated sanples was treated with Lugol's solution and settled
for 24 hr, whereupon the plankton was pipetted off the bottom
for anal ysis of species conposition and abundance.



In addition to the above, total vertical net
pl ankt on haul s were taken through the maxi num depth, i.e. at
the Iimol ogy station, in each |ake in autum. The net used
was the Wsconsin type with a nmouth dianeter of 24 cm and
fitted wwth No. 20 Nitex cloth.

Bottom fauna was sanpled with a 6-inch Ekman
dredge. Sanples were taken at 1.5, 3.0, 5.0, 7.0, 10.0, 15.0,
20.0, etc., meters during the sunmer series, and at equival ent
dept hs (conpensating for intervening reductions of |ake |evels)
in autum. The sanples were washed initially on a 20 nesh/cm
screen, and organi sns were picked froma 10% aliquot of this
residue estimated on a grid pan. The remaining 90% of residue
was washed through a 7 nmesh/cm screen before picking. The
procedure allowed for estimation of |oss of organisns through
t he coarse screen; this was never consistently significant and
was di scounted. Organisns were preserved in 95% et hanol for
| at er enuneration and weighing in the |aboratory. i gochaetes,
because of their fragile nature, were counted in the field. Wt
wei ghts were determ ned for each dredge sanple, with nollusc
shells (considered as 2/3 of wet weight: Atton and Johnson M5
1970) being deducted. The results are given as wet wei ght per
dr edgi ng; conversion to kil ogranms per hectare wet weight can be
acconpl i shed by multiplying by 431 (Dredge X 43.1 = gm nf ; gm nf
X 10 = kg/ ha).

Fish were sanpled with gangs of green tw ned nyl on
gillnets of the type used by the British Col unbia Fish and
Wl dlife Branch for experinental netting. These gangs conprised



40 feet each of 1, 11/2 2, 21/2, 3 and 31/2-inch mesh connected
in random series. The nets were set suspended fromthe
surface; they hung to an average depth of about 10 feet. Two
gangs were set sinultaneously; one on the 4 mcontour and the
other at 7 m The nets caught all but the youngest trout, and
possi bly m ssed certain "m nnow' species.



8. HI STORY AND OPERATI ON OF RESERVA RS

As indicated above, eight of the current
series of 11 headwater | akes have been devel oped as active
reservoirs. Agur Lake is not inpounded; it has no surface
outflow Alex Lake, with a small beaver damon its outlet,
is not artificially controlled. Fish Hawk Lake, although not
controlled at the time of the study, was in the process of
bei ng i npounded in the sumrer and fall of 1971.

It was pointed out in the introduction that
i mpoundnent and water |evel manipul ation are inportant
factors in the ecology and fishery potential of these
reservoirs. Some attention is accordingly given here to
characterizing these operations for the eight active reser-
voirs in the present series. Histories of the reservoirs are
outlined bel ow, and recent operations (1965-1971) are
summari zed in Table 4.

8.1 Munro Lake

The [ ast significant inpoundnment works on this
| ake took place in 1931. The earliest work was done in 1920
when a 2-foot damwas built at the south end to divert the
natural drainage from O Hagan Creek. At the same tine a
short ditch and control dam were constructed to permt
diversion to Darke Creek. 1n 1930-31 the ditch was deepened
slightly, creating 6 feet of active storage. The |ake
normally requires 2 years to fill, and as the headgate has



TABLE 4. Summary of operations of 11 selected headwater |akes in the Ckanagan

Basin, 1965 - 71.

% total area

% total volume

Last year

Area, Depth fluctuation (ft) exposed by reduced by of major
acres . drawdown drawdown works
Range Mean Range Mean Range Mean

AGUR 8.6 - 2.0 - 13 - <18 N/A
MUNRO 34.5 0.0 - 6.0 4.7 0 - 25 20 0 - 17 13 1931
HEADWATERS #1 161 3.0 -14.2 6.6 10 - 27 16 18 - 76 37 1961
JACKPINE 106 3.6 =10.6 7.5 i3 - 42 29 28 - 71 53 1953
LAMBLY 182 4,2 -20.2 12.5 23 - 41 31 41 - 63 47 1970
PINAUS 407 - 4.4 - 4 - & 1951
OYAMA 630 3.2 - 4.9 4.1 7 - 20 15 14 - 25 19 <1950
ALEX 21 - 4.3 - 5 - 3 N/A
SWALWELL 750 4,2 =-10.7 7.2 20 - 35 27 14 - 31 27 1944
FISH HAWK 43 - 0 - 0 - 0 N/A
HYDRAULIC 644 6.3 =24.7 12.8 24 - 92 51 48 - 97 74 1950




been | eaki ng for about 20 years it has hanpered efficient

utilization of the |lake for storage. The dam at the south
end was inproved, but not raised, in 1948 (P. Minro, pers.
comm). The |ake was enptied of live storage in 1969 and

again in 1971.

8.2 Headwaters Lake No. 1

This | ake was first inpounded in the early
1920's. Additional work to increase storage was done at | east
once prior to 1961 when the damwas rebuilt. Storage at that
time was increased from about 1300 acre-feet to 2163 acre-
feet, involving a 7-foot rise in water |evel (K Bl agborne,
pers. comm).

8.3 Jackpi ne Lake

A dam was constructed on the outlet about 1917.
This, in conjunction with sone ditching at the outlet, created
450 acre-feet of live storage. Storage was considerably
i ncreased by various nodifications and i nprovenents in the
intervening years to 1953-54. At that tinme, an inclined gate
was installed and the culvert partially replaced, but storage
capacity was unchanged at about 960 acre-feet. |In 1970-71 the
dam was rebuilt but the sanme capacity was retained (C. Snall
pers. comm).



8.4 Lanbly Lake

An earthen dam was constructed at the north
end of Lanbly Lake in 1937 in order to divert water from
Lanbly Creek into Powers Creek. The dam was raised about 2
feet in 1962, and an additional 2 feet in 1971. A dam was
built on the south end of the lake in 1952. In 1969 the
storage was drained to permt construction of a new dam and
trenchi ng between the two main portions of the |ake (map
notes; J. Botham pers. comm). The resultant 8-foot
increase in water |evel inundated an additional 49 acres
and nore than tripled the live storage, from612 to 2,178
acre-feet.

8.5 Pinaus Lake

Pi naus Lake was originally damed by a wooden
structure of unknown vintage. |In 1951 this dam was
repl aced by one of concrete, permtting about 5 feet of
drawdown or 2, 156 acre-feet of storage (J. Botham pers.
conm).

8.6 Oyama Lake

Oyama Creek was diverted for irrigation as
early as 1892, but the first dam was constructed on Oyana
Lake in 1905. This damwas inproved in 1951 (and al so on
one earlier occasion). The damwas reconstructed in 1968



to increase the active storage by sonme 400 acre-feet to
4,988 acre-feet (map notes; J. Botham pers. comm).

8.7 Swalwell Lake

The first rock-filled crib damon Swal wel |
(Beaver) Lake was probably constructed in 1907. This
structure was replaced in 1944,and 12 nore inches of fil
were added to the top of the damin 1964. The present
storage is approximately 9,585 acre-feet.

8.8 Hydraulic Lake

This | ake was i npounded in 1910 by neans of three
earth-fill danms. 1In 1950, fill over the North Dam cul vert
was excavated and replaced. Wrk was in progress in 1971 to
raise the dans and clear trees fromthe | ake shore.

O the inpounded | akes, Hydraulic is subject to
the nost drastic manipulation (Table 4 ). The percent of
its volunme renmoved by drawdown has averaged 74% si nce 1965,
and bottom exposure has been as high as 92% Jack-pine and
Lanbly Lakes have experienced approxi mately 50% | oss of
vol une annual ly, on the average, over the sane peri od.

Swal wel | and Headwaters Lake No. 1 are also seriously
affected by drawdown. Pinaus, by virtue of its considerable
di nensi ons and narrow operating range, suffers the |east
physi cal inpact anong the regul ated | akes.



9. MORPHOMETRY

Habi tat di mensions (i.e. size and depth
rel ations) are of fundanental inportance in aquatic situations.
They i nfluence the nature and productivity of the biota and are
basi c paranmeters in the carrying capacities and harvest
potentials for fish.

Depth contours for the 11 | akes are plotted on
the outline maps (Fig. 2-12, at back of report). Limol ogy
sanpling stations, |ocated at the maxi mum depth of each | ake,
are shown on the maps. The basic norphonetric data are given in
Appendi x Table B and are summarized in Table 5.

The el even | akes range in area from4 to 303
hectares (9 to 750 acres). Wth the exception of Ellison Lake
(520 acres) and Swan Lake (973 acres), Swalwell is the |argest
headwater | ake in the basin. Ellison, Swan and Tugul nuit are
not properly considered as headwater | akes since they lie on the
valley floor. However, they are noted here because they were
not included in the mainstem sanpling program Except for
Pi naus Lake (nmean depth 22.0 nmeters, = 72 feet), the | akes may
be described as shallow. Mean depths in the other 10 | akes
range from2.1 min Fish Hawk to 9.8 in Swal wel | .

Maxi mum depths are also |isted (Table 5), but
as a limol ogical indicator are |ess diagnostic than nean
dept hs (Rawson 1955).

Shore devel opnent (rel ation of shore length to
the circunference of a circle equal in area to that of the



TABLE 5

Summary of norphonetric features,
headwat er

at full
| akes in the Ckanagan Basin, 1971.

supply | evel

of el even sel ected

Perimeter

Water area Depth,meters with Shore development No. of

acres hectares max. mean Islands(km) with Isl. without isl. islands
AGUR 8.6 3.5 7.0 3.31 1.19 - 1.22 0
MUNRO 34.5 13.9 11.3 4.29 1.50 - 1.14 0
HEADWATERS #1 161 65.2 8.0 4.90 6.10 2.93 2.08 4
JACKPINE 106 42.9 7.5 3.67 3.91 - 1.70 0
LAMBLY 182 73.7 9.5 3.84 6.85 - 2.25 0
PINAUS 407 164.7 57.6 22.03 8.84 - 1.95 0
OYAMA 630 254.9 23.9 6.53 17.95 3.17 2.5 28
ALEX 21 8.5 9.3 4.06 1.56 - 1.52 0
SWAIWELL 750 303.5 30.5 9.76 16.68 2.71 2.11 15
FISH HAWK 43 17.4 6.0 2.05 1.93 - 1.34 0
HYDRAULIC 644 260.6 22.15 3.90 2.90 15

8.5 3.60




| ake) is quite uniformanong the 11 | akes, ranging from 1. 14
to 2.90. Values for Headwaters #1, Oyama, Swalwell| and Hy-
draulic Lakes, all of which contain islands, increase sub-
stantially when island shorelines are incorporated.

The "flushing" period, or tinme required for an
anount of water equal to the | ake volunme to pass through its
outlet, is a significant |imol ogical parameter. Agur Lake,
with no surface outlet, has a high mneral content (TDS =
232), whereas | akes such as Headwaters and Hydraulic, wth
relatively rapid replacenent, have | ow TDS and | ow st andi ng
crops of organisns.



