CHAPTER 6

Li ol ogy of the Main Valley Lakes

The main valley |akes are an integral part of the (kanagan Basi n drai nage
system They provide a tenporary storage of water that falls as rain or snow on
the watershed, and in turn provide a year-round supply of water for the residents
of the basin. The |akes also offer recreational enjoynent in the formof swim
m ng, boating and fishing which is becomng increasingly inportant to people and
provi des significant sources of nonetary return to the Ckanagan econony. The well
bei ng or mai ntenance of the quality of this |ake water is therefore an inportant
aspect in the managenent of the basin's water resources.

The productive capacity of a lake is a key to its beneficial use by peopl e,
particularly in respect to recreation and fishing. Lakes that are extrenely deep
cold and have few nutrients provide little opportunity for water based recreation
and generally are alnost desert like. On the other hand extremely warm shal |l ow
enriched | akes are subject to heavy al gal bloons, unpalatibility and a | ack of
aesthetic appeal. These lakes will not produce desired sport fish in spite of
their high productivity, and water based recreation is often unpleasant in these
i nstances. A mddl e approach; noderately productive waters - but not too produc-
tive, warm- but not too warm aesthetically pleasant and good producers of
desired fishes is the nost beneficial to man.

The bi ol ogi cal community of a |ake is conmposed of a very conpl ex system of
i nt erdependent popul ati ons rangi ng fromm croscopic plants and aninmals to the much
| arger aquatic plants and fishes. These interdependent popul ations are very sus-
ceptible to subtle changes in their physical-chem cal environnment, and these changes
requi re specific adaptati ons by the plants and ani mal s inhabiting such waters. Mst
of these changes are not noticeable until the quality of |ake waters has det-
eriorated to the point of becom ng aesthetically unacceptable for recreation, or the
cost of treating this water for consunptive use becones exorbitant.

Local concern for the present and future trophic state of the basin | akes was
one of the primary reasons for initiation of the Ckanagan Basi n Agreenent. The
['i mol ogi cal studies undertaken (limology is the science concerned with the study
of physical, chemcal and biological conditions in freshwater |akes) provided a
hi storical perspective of the main | akes agi ng processes, docunented as conpletely
as possible the present trophic state of the | akes, and included projections of
what m ght be expected to happen to the water quality of |akes under varying
econom ¢ growth conditions and water nanagenent alternatives. Ten different
studies were carried out to determ ne the chem cal and physical distribution of
the najor chemcal elenents in each of the main valley |akes, and the effect of
these el ements on



bi ol ogi cal popul ati ons and communities in these |akes. These results were al so
conpared to past studies, particularly those of Aenens et al in 1935, (15) to assess
changes in the condition of the |lakes attributable to nman's influence since 1935,

Maj or findings of these studies are presented in this chapter. Some of the key
findings are al so presented on drawings M3 to MO in the Map Section at the back of
this report. The effect of future economc growh on the quality of the lakes is
di scussed in Chapter 15.

6.1 GEA.Cd CAL RESULTS

6.1.1 Hstorical Changes in Biological Gowh (Pal eolimology)

Anal ysi s of carbon content and diatommcrofossils for sedinment and core sanpl es
of the nain valley | akes indicate that an increased rate of biological production
comenced about 100 years ago in Osoyoos Lake and (kanagan Lake. This corresponds to
the first major settlements in the valley and the devel opnent of |and around these
| akes for agricultural purposes, particularly beef cattle and horses. This activity
is considered to have remai ned the dom nant factor affecting | ake productivity unti
the 1940's when the tree fruit industry became firmy established and orchard cover
crops becanme wi despread with the advent of sprinkler irrigation

In nore recent years, the rapid increase in population and resulting waste
products, particularly sewage treatment plant and other positive waste discharges to
the | ake system have becone the dom nating factor affecting | ake productivity. Skaha
Lake, which was not a center for agricultural devel opnment has shown a sharp increase
in biological production over the past 25 years, with only nminor changes before that
tine. This is considered to be due to urban developnment in the Gty of Penticton
and the discharge of it's treated waste effluent into Skaha Lake comrencing in 1947.
Changes in Kal amal ka and Wod Lakes are al so of nore recent origin. A carbonate
cycl e in Kal amal ka Lake appears to provide a uni que sel f-cl eansing systemwhich is
considered to have been effective in preventing any noticeable deterioration in the
quality of this |lake despite nutrient increases. A rapid deterioration in Wod Lake
comenced about 40 years ago and is considered due in part to agricultura
devel opnent in the Wod Lake, Vernon reek area, and in part to the diversion of
wat er from Vernon Oreek upstreamat Wod Lake for irrigation purposes. The latter
decreased the average inflows to Wod Lake and increased the retention time of water
inthis |lake fromapproximately 12 years to 30 years. These changes are indicated in
profiles of carbon content and di at om abundance from core sanpl es of the sedi ments of
the main valley | akes (carbon content profiles are shown on Maps M2 to MO at the
back of this report, and di atom abundance as a function of depth is shown in Figure
6.1). D atons are one of the nmost ubiquitous forns of nicroscopic plant |ife found
in freshwater | akes and are
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general ly indicative of oligo-nesotrophic conditions when they are the nost abun-
dant species. Oher forns of algae such as blue green replace diatons as the nost
abundant species in enriched or eutrophic I|akes.

The di atom anal ysis for Wod Lake sedinents is the nbst revealing one in terms
of our understanding of the eutrophication of this lake (Figure 6.la). Above a
dept h of about 18-20 centineters, (8 inches) the |lake rapidly increases in produc-
tion to 110 diatons per field, and then falls again at the sedi nent surface. The
decline of diatonms at the surface is a clear indication of the predom nance of
bl ue green algae in recent years at the expense of diatomgrowh

Kal amal ka Lake (Figure 6.1b) and Ckanagan Lake (Figure 6.1c) show a consid-
erable variation in total diatom nunbers, but a reasonably constant average of 24
and 4 diatons per field, respectively. The decline in diatomnunbers in Okanagan
Lake at a sedinment depth of 16 centineters may be associ ated with sone physical -
chemical change in the lake resulting in low nutrient availability.

The nunber of diatons in Osoyoos Lake (Figure 6.1d) appear to have increased
slowy over a long period of tine to a nmaxi numof 44 per field at a sedi nent depth
of 8-12 centinmeters. The average number in the surface sedinments is about 24 per
field, which indicates a decline in diatons and an increase in blue-green algae in
recent years.

6.1.2 Limogeol ogy of Main Valley Lakes

The Ckanagan Valley is a structural trench overlying a systemof sub-parallel,
linked faults that separate the | ate Pal eozoic or early Mesozoi c Monashee groups
of metanorphic rocks fromthe rocks of differing lithology but sinmilar age west of
the Valley. This trench is partially filled by several hundred feet of
unconsol i dated material. The thickness of this unconsolidated nmaterial underlying
these lakes differs fromplace to place but typical mninmmthicknesses under the
centers of the lakes are presented in Table 6.1. The trench is apparently
conti nuous under the Okanagan River between Skaha and Ckanagan Lakes as well as
under Vernon Creek between Wod and Kal amal ka Lakes.

It is likely that the unconsolidated naterial in the trench was deposited in
association with the earlier glaciations of the Pleistocene Epoch. The nature of
the deposits is uncertain fromseisnmc records alone, but it seens probable that
during the Pleistocene geological period the Valley was the site of deposition
resulting fromglacial outwash, direct glaciation, and |lacustrine fluvial sedinen-
tation. During deglaciation of a nunber of terraces were forned as the | owering
of post-glacial |ake levels were repeatedly arrested. A previously undi scovered
terrace 50 feet below the present |ake level, appears to be a remant of |ow stage
of Ckanagan and Skaha Lakes.



TABLE 6.1
THI CKNESS OF UNCONSOLI DATED MATERI AL
UNDERLYI NG MAI N VALLEY LAKES

THICKNESS IN FEET
Skaha Lake - north of Kaleden 1200
Okanagan Lake - Penticton to Squally Pt. 1500
Okanagan Lake - Squally Pt. to Westbank 1600
Okanagan Lake - Kelowna area 1200
Okanagan Lake ~ Wilson's Landing-Okanagat Centre 1200
Okanagan Lake - 0k Centre to Vernon ) 1200-2000
Okanagan Lake - Armstrong Arm ) 1300 +
Wood Lake 400 o
Kalamalka Lake 300-400

The pronminent silt and clay cliffs that border Skaha and sout hern
Okanagan Lake were forned during this period of glacial downwashi ng and
degradation (16). It has been estinmated that the deglaciation of the Interior
Pl ateau of B.C. was well advanced by 9,750 B.P. (Before Present) and by 8, 900
B.P. all ice was nelted and the gl acial |akes had been drained (17). From
this time to the present day, the main valley | akes of the Okanagan Basin have
been in existence. Data fromthese studies do not allow a direct cal culation
of total accumul ation of recent |ake sedinent, but if one uses a sedinentation
rate of 1 mllineter of conpacted sediment per year, this would yield an
accunul ation of 8.9 neters (29 feet) of sedinment in 8,900 years.

Bat hynetric charts have been constructed from soundi ngs gathered as part
of the geol ogi cal study (See map section at back of report). Wod Lake is the
snal | est of the mainstem | akes and consists of a single shallow basin with the
maxi mum depth of 100 feet (34 neters). Kalanal ka Lake contains two distinct
basi ns separated by ridge in the unconsolidated material filling the
structural trench. The nost unusual feature of Kal amal ka Lake is the presence
of flat terraces of calciumcarbonate (CaCQ) in the littoral (near shore)
zones that are found chiefly at the southern end of the |ake. These terraces
are fornmed by the precipitation of CaCO, fromsurface (epilinetic) waters
during the sumrer.

The bottom of Ckanagan Lake is characterized by irregular undul ations
that presumably reflect glacial nodifications in the Valley fromthe |ast ice
age. A large druminoid structure exists under 200 feet (61 neters) of water
of f Squally Point, and an underwater valley 700 feet (213 nmeters) deep was
di scovered just north of Trepanier



Skaha Lake is conposed of two distinct basins that are separated by a bedrock sill
at a depth of about 80 feet (24 nmeters). Gsoyoos Lake is, in fact, three | akes with
sand deposits dividing them The northern-nost of these "l akes" has three distinct
basins and attains a maxi numdepth in excess of 200 feet (61 neters), The centra
basi n (about 100 feet deep) and the southern basin (about 75 feet deep) are hence
partially shielded fromsignificant sedinentation by the northern-nost basins. This
physi ographi c condition has resulted in greater accunul ati ons of organi ¢ carbon and
mercury in the sedi ment sanples taken south of Osoyoos.

Approxi mately 150 surface sedi nent and core sanples fromthe Ckanagan nmai n vall ey
| akes were anal yzed to determine particle size distribution. The highest silt content
was noted in Wod Lake, while the highest clay content was observed in the deepwater
sedi ments of Ckanagan Lake. The sedinent of Skaha and Gsoyoos Lakes have very simlar
particle size distributions.

The terraces of Kal anal ka Lake contai ned about 16 percent sand wi th the remai nder
essentially silt. Sedinentation rates, and the nean concentrations of carbon and
phosphorus in the surficial sediments of the main valley | akes are shown in Table 6.2

Mercury content of the sedinents of the Ckanagan main valley | akes were deter-
m ned, and surficial sedinments of Wod Lake show t he highest nercury content. Mst of
this nercury occurs as a sul phide and indications are that nethyl ation(chemlca
process of introducing the nethyl groups into) and hence its entry into the food
chain, is unlikely to occur. The nmercury content of Kal anal ka Lake is also relatively
hi gh, and presents a potential danger if it enters the food chain. The mercury
content in the sedinments of nost of Ckanagan, Skaha and Gsoyoos Lakes was consi derably
| ower than values noted in Wod and Kal amal ka (Fi gure 6.2).

6.2 PHYSI CAL LI MNOLOGY

The principal physical features of the six main valley | akes are portrayed in
Figure 6.3. Wod Lake, considered the nost eutrophic of the six lakes, lies at the
head of the chain, while Gsoyoos Lake at the | ower end straddles the Internationa
Border. Both Wod and Kal amal ka Lakes, in terns of drainage, are part of the Vernon
Creek sub-basin, which flows into the Vernon Armof Ckanagan Lake. The watershed of
this sub-basin is snall and hence nost drai nage water has had a relatively |ong
residence tine in these two lakes - 30 to 65 years respectively (1970 conditions). In
1971 the inportation of water from Ckanagan Lake to the Vernon O eek Basin, for
i ndustrial cooling purposes has significantly increased the flowinto Wod and
Kal amal ka Lakes, |owering these theoretical residence tines to 14 years and 45 years
respectively. The flow into Ckanagan Lake fromthe Vernon Oreek sub-basin represents
only about 10%of the total inflowto (kanagan Lake in an average year, so that any
effect of this sub-basin on the whol e of Ckanagan Lake is snall



TABLE 6.2

LI MNOLOG CAL CONDI TIONS OF THE, MAI N VALLEY LAKES

Recorded from Studies in 1970, 1971 and 1972**

PARAMETER UNIT OF MEASUREMENT MAINSTEM LAKES
KALAMALKA OKANAGAN SKAHA OSOYOOS.ZV WOOD
PHYSICAL
Secchi Disc Visibility-Seascnal Average'z feet (ft) and meters (m) 29.5 £t (9 m) 26 £t (8 m) 14.8 £t (4.5 m) 110.8 ft (3.3 m) |8.2 ft (2.5 m)
~ 1971 Maximum feet (ft) and 1971 date 59 £+ (Apr 25) | 39 £t (Apr 26) {23 ft (Apr 29) |14.7 ft (May 20)17.2 £t (May 5)
Maximum Summer Surface Temperature degrees centigrade (C) and Fahrenheit (F) 28°% (82° F) | 25.3% (77° mips®c (77° F) = 27.5°Cc {81° F)
Hypolimnion Warming Rate degrees centigrade per month 0.18° C/month 0.06°C/month O.37OC/month O.54°C/month O.26°C/month
Areal Oxvgen Depletion Rates milligrams per sq,cm.per day (mg/l/day) - - 0.148 0.038 0.065
Bottom Oxygen Concentrations inLate Summer|parts per million (ppm) with percentage satur- [11.3 (89%) 10.7 (78%) 8.3 (70%) 4.0 (40%) 2.2 (18%)
ation in brackets (% Sat.) Average Central Basin
CHEMICAL
Average Seasonal Concentration
- Phosphorus (PO4—P) 1 milligram per liter = part per million (ppm) . 004 .002 .015 .015 .083
-~ Nitrogen (NO3—N) W L .023 .020 .010 .016 .026
~ Calcium ca*¥) " " 37.9 32.9 32.8 34.2 28.8
- Magnesium (Mg++) o L 17.1 8.4 8.4 8.7 17.3
- Sodium (Na™) W " 15.9 9.1 9.5 9.9 19.0
- Potassium (k%) " " 4.6 2.2 2.1 2.3 4.2
- Bicarbonate (HCO3-) i " 177.3 131.8 129.9 138.1 117.4
- Sulphate (504——) " " 55.7 27.2 27.6 28.5 30.4
- Chloride (C17) " " 1.3 1.1 1.4 1.6 2.5
- Fluoride (F7) " . 0.3 0.2 0.2 0.2 0.3
BIOLOGICAL
Chlorophyll - Mean Summer Micrograms per liter (ug/1) 2.5 5.0 31.0 23.0 50.0
‘Phytoplankton Density, Average Annua1‘4 number per milliliter (#/ml) 400 1,800 3,740 5,500 7,900
Periphyton Production milligrams per square meter per day (mg/mz/day) 124 225 231 258 481
‘Zooplankton Average Density number per square centimeter (#/cm2) 136 101 233 76 139
Bottom Fauna number per square meter (#/mz) 1,087 2,178 6,913 5,502 753
Zooplankton Crustaceans number per square centimeter (#/cmz) 136 101-188 236-238 76-161 139
Fish Species number 14 15 15 20 10
Ratio of Coarse Fish to Salmonids - 1.08:1 1.04:1 2.03:1 1.38:1 7.3 31
Salmonids percent (%) 49% 49% 33% 40% 12%
GEQLOGICAL
Depth to Man's Influence in Sediments centimeters (cm) and inches (in.) 29 cm (11.5 in] 10 em (3.9 in) 21 em (813 in) |28 ecm (11 in) 20 c (719 in)
Rate of Sedimentation millimeters per year (mm/yr) 2.9 1.0 2.1 2.8 2.0
Carbon Content Surface Sediments~Organic |kilograms (kg) not estimated 1,750,000 315,000 318,000 98,000
~Inorganic|kilograms (kg) LD » 500,000 71,200 57,700 113,000
Inorganic Phosphorus Accumulation in kilograms per year (kg/yr) and pounds per year | " " 76,700 kg/yr 11,500 kg/yr 11,800 kg/yr 1,640 kg/yr
Surface Sediments (1b/hr) based on 1971 data (170,000 1bs/yr) (25,300 1lbs/yr) (26,000 1lbs/yr)l (3,600 lbs/yr
CURRENT CONDITION
Trophic State Oligotrophic [Oligomesotrophid Eutrophic Eutrophic Eutrophic
Water Quality Based on Present Use Excellent Good Acceptable Acceptable poor

*1l - Extracts of Average Lake Conditions Only from Technical Supplement V -~ See Text

*2 - Portion of Basin in. Canada Only

*3 ~ Monitoring Period Between April and Octcber 1971

*4 -~ Stein,

Coulthard,

1971 (18

€91
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THE MAIN VALLEY LAKES and THEIR PHYSICAL FEATURES

WOOD LAKE 165
*
Surface Water Level - High 1284.0,3
- Low 1282.6
Surface Area - Acres 2300
Mean Depth - Feet 72
Maximum Depth - Feet 112
Total Volume - Acre Feet 162,2001
Mean Annual Outflow-Acre Feet 14,000 *
Water Residence or Renewal %1
Time - Years 14
KALAMALKA LAKE
Surface Water Level - High 1284.0
- Low 1282.6
Useable Storage - Acre Feet 13,100
Surface Area - Acres 6,400
Mean Depth - Feet 193
Maximum Depth - Feet 465
Total Volume - Acre Feet 1,233,990
Mean Annual Outflow - Acre Feet| 33,000
Water Residence or Renewal *7
Time - Years 45
OKANAGAN LAKE
Surface Water Level - High 1123.8
-~ Low 1119.8
Useable Storage - Acre Feet 337,000
Surface Area - Acres 86,000
Mean Depth - Feet 250
Maximum Depth - Feet 800
Total Volume - Acre Feet 21,250,000
Mean Annual Outflow-Acre Feet 356,000
Water Residence or Renewal
Time - Years 60
SKAHA LAKE
*
Surface Water Level - High 1108,§
- Low 1106
Surface Area - Acres 4,970
Mean Depth - Feet .85
Maximum Depth - Feet 187
Total Volume - Acre Feet 453,000
Mean Annual Outflow-Acre Feet 385,000
Water Residence or Renewal
Time - Years 1.2
VASEUX LAKE
*
Surface Water Level-Normal-Feetff1073 3
Surface Area ~ Acres 680
Mean Depth - Feet 21
Maximum Depth - Feet 83
Total Volume - Acre Feet 14,300
Mean Annual Outflow-Acre Feet 429,000
Water Residence or Renewal
Time - Years .03
0SOYO0S LAKE
(including portion in U.S.A.)
.
Surface Water Level-Normal-Feet}f 913 .
Surface Area - Acres 5,800
Mean Depth - Feet 49
Maximum Depth - Feet 206
Total Volume - Acre Feet 323,000
Mean Annual Outflow-Acre Feet 479,000
Water Residence or Renewal
Time 0.7

*

: Values based on theoretical estimates of
average flows in Vernon Creek (Technical
Supplement 1) plus effect of cooling water
pumped from Okanagan to Hiram Walker Plant

and discharged to Vernon Creek (18.5 acft/day)

*2 Includes Surface Storage from Wood Lake
*3 Water Levels not Controlled for Storage

Figure 6.3




Ckanagan Lake is by far the largest of the main valley |akes in both vol unme
and surface area, and receives the drainage waters fromover 75 percent of the
wat ershed of the Basin. Wiile the residence tine of this drainage water in Ckan-
agan Lake is approxinmately 60 years, this water has retained a very high quality
with the exception of shoreline areas affected by |ocal waste sources. This |ake
is also the key with respect to quality in the downstream | akes - Skaha, Vaseux
and Gsoyoos, because nearly all the water flowing into these lakes is fromdis-
charges from kanagan Lake. Both Skaha and Osoyoos have much snall er vol unmes and
resi dence tinmes of one year or less. Vaseux Lake is considered nore an
enl argenent of the Okanagan River Channel with a residence tine of only a few
days.

The residence tine of water in a | ake has inmportant consequences in terns of
wat er resource managenent. Large |akes with long resident tinmes (small inflows)
will generally take longer to deteriorate because of their size and limted nat-
ural stream | oadi ngs. However, once they have regressed to a state of poor
quality, it will take many years for themto recover, even under rigorous waste
control progranms. Alternatively, |lakes with a short residence tinme will reflect
changes much nore quickly, providing the drainage water entering the |lake is of a
high quality itself. It is therefore inportant, if not essential, that the
quality of Okanagan Lake be maintained in as good a condition as possible, not
only to maintain the present value of this lake itself, but also to ensure a
reasonabl e quality of water in the |ower |akes - Skaha, Vaseux and Osoyoos.

Kal amal ka Lake is also in the sanme category as Okanagan Lake, but it does not
have the same effect on the downstream system

The results of other physical observations are shown in Table 6.2
i ncludi ng water transparency, tenperature and heat budgets.

6.3 MATER CHEM STRY RESULTS

The rel ati ve abundance of major ions in a lake is a reflection of natura
| ake processes nodified by the addition of soluble el enents and conmpounds from
the watershed. The distribution of ions within a given | ake or anong |lakes is a
result of biological activity, surface runoff, groundwater, precipitation and
nost inmportantly, the |ake sedi nent-water interaction

The rel ative abundance of major ions within each of the nain valley | akes was
simlar to the average of the world' s freshwater |akes. Major ions include
bi carbonate, calcium sodium potassium nagnesium sul phate, and chlori de.
Concentrations of mgjor ions in the main valley | akes (1970-71) varied from | ake-
to-1ake but showed little seasonal variation (Table 6.2).

The concentrations of major ions in the | akes of the Ckanagan Drai nage basin are
qui te high, an order of magnitude higher than | akes on the Canadian Shield (19), and
hi gher than the world average for fresh water (20). These concentrations



normal |y cone from soluble geological materials in the watershed, including |inestone,
glacial drift, clay-silt terraces and congl omerate rock or basaltic areas, but within
the Ckanagan Basin, evaporation nay al so be an inportant reason for the high
concentrations found.

The nain valley | akes al so exhibit seasonal, and | ake-to-|ake variation in average
nutrient (nitrogen and phosphorus) content. The seasonal variations generally
correspond to observed increases in algal bionmass. The relative fertility of water from
various sanpling points in each of the fakes is shown in Figure 6.4a for the three
different species of test algae. Skaha Lake appears to possess by far the nost suitable
conditions for algal growth, while (kanagan Lake has the | east potential of the main
valley |lakes. O nore interest however, is the growh potential of Kalanmal ka Lake
wat ers under |aboratory conditions. The fact that, such growh has not occurred under
natural conditions support the premse that the quality of Kal amal ka Lake has been
preserved through its inportant cal ciumcarbonate cycle. Each sumrer cal ci um carbonate
is actively precipitated fromthe surface waters which accunul ate on terraces around the
shores of the lake. It is likely that the cal ciumcarbonate al so co-precipitates an
abundance of the trace elenents in the | ake, including phosphorus, as hydroxyapatite.

There are also indications fromsedi nent studies, that the waters of Skaha Lake nay
be actively precipitati ng phosphorus as an apatite at the present time (1971). It is
possible therefore that this | ake could clean itself of biologically reactive phosphorus
if inputs of this elenment were significantly reduced.

Mean oxygen concentrations in the epilimion and hypolimion vary considerably
anong the nain valley | akes. xygen concentrations in the epilimion of all |akes was
near saturation throughout the sumrer season; however, values for the hypolimion of
Gsoyoos, Wod and Skaha Lakes were well below saturation |evels. Calculation of the
areal rate of oxygen depletion (rate per unit of area) of hypolimetic water during
sumer stratification provided an estinate of annual biol ogi cal production for
conpari son anong | akes. Skaha Lake exhi bited the nost rapid hypolimetic depletion
rate, followed by Wwod and Gsoyoos Lakes, respectively (Table 6.2). There has been
littl e change in oxygen concentrations in Ckanagan Lake since denens et al (15)
neasurenents in 1935; however Skaha Lake has exhibited an increase in its oxygen deficit
in the bottomwaters over the past 25 years. Ferguson (21) in July 1948 recorded an 85%
oxygen saturation in the hypolimion of Skaha Lake, white the current survey showed only
70% saturation. The | ow oxygen content of the hypolinmetic water of Wod Lake has not
changed appreciably fromval ues noted by denmens et al (15) in 1935. Gsoyoos Lake has
al so exhi bited | ow hypol i metic oxygen val ues, especially in the central Basin.

6.4 Bl O.Od CAL STUDI ES

The types and dom nance of various forns of plant and ani mal popul ati ons and comrunities
living within the | akes provide a good indication of (a) the present
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NUTRIENT ENRICHMENT BIOASSAY, (97I

EFFECT OF THE ADDITION OF NITROGEN AND PHOSPHORUS TO
VARIOUS LAKE WATER SAMPLES ON CHLOROPHYLL CONTENT. Figure 64b




trophic state of a | ake, and (b) changes that have occurred due to enrichnent by
conparison with previous biological records. The results of biological studies
under the Okanagan Basin Agreenent are sunmarized bel ow under the sub-headi ngs of
phyt opl ankt on, attached al gae and rooted aquatic vegetation, bottom fauna, Zoo-

pl ankton and fish. Each of these communities represent different popul ati ons and
trophic (food) levels in the environment of a |ake, and therefore provide a nore
detail ed assessnment of the extent to which eutrophication has occurred in a par-
ticular lake. A laboratory nutrient bioassay study was al so carried out, which
was designed to test the role of nutrients in regulating algal grow h.

.1 Role of Nutrients in Biological Production

Phot osynthetic plants require |light and a nunber of elenents for their nain-
tenance and reproduction. The nore inportant requirenents are carbon (C
hydrogen (H), oxygen (0), and nitrogen (N), since these el enments nake up the
predom nant nmass of cellul ar substance. O npst interest however, are those
essential elenments that limt plant (algal) growmh when in short supply. Past
studi es indicate overwhel m ngly that phosphorus (P) and nitrogen (N)are of
particular inportance in |akes, O these P is considered to be the nore easily
controll ed el ement especially in north tenperate |akes, for the foll owi ng reasons:

(1) The el ement nitrogen accounts for approximately 75% of our atnobsphere by
wei ght, whereas the el ement phosphorus is a trace el ement accounting for |ess than
.1% of the earths crustal conposition. The control of the elenment nitrogen is
therefore nmore difficult than the control oF trace el ements such as phosphorus.

(ii) Certain bacteria and al gae are capabl e of obtaining their nitrogen require-
ments directly fromthe atnosphere by the process of nitrogen fixation. Limting
nitrogen therefore would not control such growmh and these al gae are one of the
mai n types produci hg nui sance bl oons in the Ckanagan system

(iii) Ntrogen is considered a transient elenment which travels readily through a
soil columm to groundwater and eventually to surface waters. Conversely,
phosphorus is readily bonded into a soil colum and | eaching or novenent of this
el ement occurs only when the anpbunt of phosphorus exceeds the bonding capability
of the soil. This difference is evidenced by the fact that nost soils in the
Gkanagan cont ai n adequat e phosphorus concentration for plant growth, while
nitrogen nmust be continually added as a fertilizer to ensure nornmal crop
producti on.

(iv) I nvasi on of atnospheric nitrogen is constantly occurring in | akes at the
air-water interface.

Wil e the control of phosphorus is currently considered to be the nost fea-
si bl e nethod of regul ati ng biol ogi cal production in a | ake, other el enents and
conmpounds may still cause specific problens if their amounts exceed certain safe
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| evels. Both nmercury and the pesticide DDT are two naterials that have
adversely affected the environnent of certain Ckanagan Lakes. Mercury levels in
fish, particularly trout, have reached | evels in Kalamal ka Lake and Ckanagan
Lake which are affecting the reproductive capability of this species. H gh DDT
| evel s have apparently been detrinmental to certain animal communities within

Kal amal ka and Ckanagan | akes, while allow ng other |ess desirable species to
flourish. The specific effects of all elenents nmust therefore be considered in
accessing the condition of a |lake, along with the overall biological production
that the control of phosphorus nay provide.

2 Phosphorus Fornms and Budgets

Phosphorus conpounds in water are nornally classified on the basis of separ-
ation techniques. Data reported in these 1i mol ogi cal investigations are in
terns of "orthophosphates” (PO») and "total phosphorus" (TP). Total phosphorus
is a neasure of all the phosphorus in the water whether in a soluble formor
contained in plant an animal cellular matter or inert particulate matter
(insoluble). Otho-phosphorus is that portion of total phosphorus which is in a
soluble formand i mediately available to plant |ife for synthesis (Table 6. 3).
VWhile it would have

TABLE 6.3

FORMS OF PHOSPHORUS PRESENT | N SURFACE AND WASTEWATERS

DISSOLVED PHOSPHORUS PHOSPHORUS IN SUSPENSION
Ortho- As organic As mineral particles Organisms Adsorbed on
phosphate colloids and/ (e.g. apatite) and/or detritus and/
(P04) or combined adsorbed on inorganic or present in
with an complexes such as organic
adsorptive Fe (0H3) compounds.
colloid.
Dissolved
Inorganic
Phosphorus
Total Phosphorus in Filtrate
TOTAL Phosphorus Contentof Unfiltered Water

been desirable to use orthophosphorus to establish criteria for acceptable | ake
| oadi ngs, this was not possible because of the follow ng factors:

(1) In | akes orthophosphorus is in a perpetual state of flux, with rel ease and
upt ake occurring in mnutes, hence it is difficult to know what percentage of
the avail abl e ort hophosphorus one is neasuring at any given tine.



(ii) The concentrations of phosphorus required for optimumgrowh vary with
speci es and environnental conditions. In |akes optinmmgrowh may occur at

| evels below 0.01 nmilligrans per liter. This figure corresponds closely to the
limt of available analytical procedures used in this study to nmeasure
phosphorus. In nobst instances, val ues of orthophosphorus in the | akes and
streanms discharging into the Okanagan Lakes were below this level of sensitivity.

Total phosphorus has therefore been used as an indicator of the biologica
productivity of each | ake, and has been used to establish |loading criteria which
may achieve, within limts, an optinmumlevel of biological production for
mul tiple water use.

Already in sone of the takes there is an overabundance of phosphorus, and
other nutrients such as nitrogen are actually limting biological production. 1In
t hese cases however, phosphorus still is considered the key el enent and neasures
nmust be taken to reduce the supply of phosphorus to these |akes to |evels where
it again exerts a controlling influence on plant (algal) growth.

6.4.3 Nutrient Bioassy

To obtain a better understanding of the role of nutrients and trace netals in
regul ating algal growth in the nmain valley | akes, |aboratory studies were de-
signed to test the effect of additions of varying anpbunts of nitrogen and phos-
phorus to | ake waters under controlled conditions. The results of nutrient
studies are given in Figure 6.4b. The greatest growth of al gae was observed in
flasks receiving noderate additions of both nitrogen and phosphorus - .09
mlligrans per liter of orthophosphate and 2.10 milligrans per liter of nitrate.
Lower additions, though stimulatory, were well below the optinumlevel of growth
in flasks, as was the addition of only one of these nutrients.

The above studies indicate nost |akes are still well below their optinum pro-
duction level, that both nitrogen and phosphorus are required before increased
productivity can occur, and that the control of phosphorus input to the |ake sys-
tem shoul d control biological grow h.

In the nore eutrophic takes (Wod and parts of Skaha and Osoyoos) nitrogen
additions alone stinulated growth while phosphorus did not. This indicates that
phosphorus levels in these |akes is sufficiently high to maintain optiml grow h,
however nitrogen is in short supply and as such linmts grow h.

Prelimnary tests were also carried out on the effect of four trace netals on
algal growth. These four were considered the nore inportant elenents other than
ni trogen and phosphorus in regulating growth. Additions of boron provided little
or no response even when added in conbination with phosphorus and nitrogen to the
| ake waters. The addition of nolybdenumincreased the growmh of algae in OGsoyoos



and Whod Lake waters but not for Ckanagan and Skaha Lake water. Mol ybdenumis
required for nitrogen fixation by algae. The greatest response in all |akes
occurred with the additions of EDTA (organic chelating agent) and iron. Qsoyoos
Lake water in particular responded to the addition of iron and indicates an iron
deficiency in this lake. Ilron plays a key role in the synthesis of chlorophyl
and in sone enzymatic reactions and if deficient, may linit algal growh. EDTA
additions, separately and in conmbination with nutrient additions stinmulated
growt h, particularly when added in conbination with iron. These trace netal
tests were limted in scope, but indicate a secondary role in the control of

al gae growth to that of phosphorus and nitrogen, as none of the trace netals by
t hensel ves stinul ated grow h of any significance.

6.4.4 Phyt opl ankt on

Those | akes doni nated by bl ue green al gae throughout nost of the summer
nmonths e.g. Wod Lake - exhibited eutrophic characteristics (high biologica
production). Lakes in which diatons and phyto-fl agel lates were the nost abundant
groups - e.g. Ckanagan and Kal amal ka Lakes - were generally AQigotrophic or had a
| ow bi ol ogi cal production. In Skaha and Gsoyoos Lakes there was normally a rapid
growt h of diatons in the spring followed by a pul se of blue green al gae whose
density appeared to a | arge extent dependent upon the initial concentration of
avai | abl e phosphorus. There was a return to diatons in the fall period. The
productivity of these | akes therefore falls sonewhere between the eutrophic and
oligotrophic state, with the extent of productivity closely related to the anmount
of avail abl e phosphorus in any one year

6.4.5 Attached and Rooted Aguatic Vegetation

A marked increase has occurred in the abundance of rooted aquatic plants and
attached m croal gae (periphyton) along the shorelines of nost of the main valley
| akes where hi gh biol ogical production is caused by | ocal sources of pollution.

Areas currently exhibiting extensive rooted aquatic plants, where harvesting
has either been carried out or has been proposed, are: Vernon Arm and Kel owna
shoreline south of the floating bridge on Ckanagan Lake; south end of Wod Lake,
pat ches al ong the east shore of Skaha Lake, Vaseux Lake, and along the west shore
north and niddl e basin of Gsoyoos Lake.

Resul ts of periphyton studies indicate that on the average, Wod Lake
produces the greatest yield of periphyton per square neter of littoral zone, and
the Vernon Arm of Okanagan Lake produces the second highest yield. Gowth of
peri phyton at both stations in Vaseux Lake and off the nmouth of the Ckanagan
Ri ver in Skaha Lake and in Osoyoos Lake was al so high. The average peri phyton
grow h at other |ake stations was substantially |less, with values varying from
0.3 to 0.8 mlligrans per square centineter



The heavy periphyton growth noted in Wod, Skaha, Vaseux and Gsoyoos Lakes, was in
nost cases at stations located either in the vicinity of direct known sewage effl uent
di scharges or very close to the plune of the Ckanagan River. The |owest average yield of
peri phyton was noted in Kal anal ka Lake and Ckanagan Lake. Low growth was al so noted al ong
the east shore of Skaha Lake, probably due to a paucity of nutrients along this shoreline
as the main flow of the Ckanagan R ver is directed to the western shoreline by a snal
training dyke. The situation noted in Skaha Lake, where one sanpling station exhibited
high growh and others very lowgrowh, is simlar to that noted i n Ckanagan Lake where
nmost stations showed very | ow growth while those in nore eutrophic situations, |ocated
adj acent to the Kel owna and Vernon Arm areas, showed much hi gher growth

The maxi numgrowt h rate of periphyton occurred in May or early June and consi sted
chiefly of diatons. A second snaller pulse dom nated by green or blue green al gae
occurred in late August, with a return to diatons as the dom nant species in the fall
Results of tests nade to relate the concentrations of nitrogen and phosphorus cont ai ned
in the attached algae cells to available external supplies, indicated that the ratio of
nitrogen to phosphorus was 5 to 1 for periphyton growing in eutrophic waters conpared to
14 to 1 in nore Adigotrophic waters. H ghest phosphorus val ues were noted in the spring
sanmpl es in eutrophic locations, while nitrogen concentrations in the attached al gae cells
tended to be higher in late sunmer and early fall in all I|akes.

Peri phyton communities play a very inportant role in the nutrient bal ance of | akes
by trappi ng considerable quantities of nutrients as they enter a lake. The littoral zone
with its diverse biological comunities also affords protection and peri phyton and
associ ated aquatic insects serve as a valuabl e food source for juvenile fish. In other
areas, shore spawni ng kokanee utilize the rocky shorelines of Ckanagan Lake. Any
nui sance grow h of attached algae in these |ocations, resulting fromman-nade nutrient
i nputs, woul d jeopardi ze the reproductive success of these fish

Bott om Fauna (Bottom Li vi ng | nvertebrate Ani nals)

For several decades |imol ogists have studied the relation between density and
speci es conposition of invertebrates living in the bottom sedi ments of |akes. Because
bottomfauna tend to be sedentary organi sns, they integrate tenporal and environnenta
change and as such serve as sensitive baroneters of |ake change.

A conparison of 1971 data with that obtai ned by denons et al (15) in 1935 indicates
t hat Ckanagan Lake has become nmore productive over the past 35 years. demens et al found
only 15% of the bottom fauna conprised of oli gochaetes, whereas currently they conprise
over 50-60% of the fauna. There has al so been a significant increase in the total nunber
of chironomds, Pisidium and other m scellaneous groups. The increase in abundance of
ol i gochaetes together with the occurrence of deforned chironomds in certain regi ons of
Ckanagan Lake, is



suggestive of sonme degree of insecticide pollution

The current trophic conditions as deduced by distribution of benthic organi snms
i ndi cates that the northern region (Vernon and Arnstrong Arns) is currently neso-
trophic. Evidence of pollution of the Vernon Armby the Vernon Sewage Treat nent
Plant effluent was obtained in a series of sanples taken fromthe nouth of Vernon
Creek west to the vicinity of Ckanagan Landi ng. The character of the fauna changed
from one dom nated by oligochaetes - Limodrilus hoffneisterii (eutrophic) to nore
mesotrophic indicators in the station just adjacent to kanagan Landing. The mi d-
portion of the north basin between Okanagan Landi ng and Kel owna showed little change
fromthe condition observed by Clenens et al (15) nearly 40 years ago, and can stil
be considered Aigotrophic. Six stations in Okanagan Lake were located in the
vicinity of the pipe which discharges sewage fromthe City of Kelowna to Ckanagan
Lake. One station, located very close to the pipe, contained no organisns, but in
stations further renoved fromthe pipe, there was a trenmendously |arge nunber of
organi sns of the Aigotrophic type. The area near the boat |anding in Sumerl and
al so indicated a source of pollution at this location, but adjacent to Penticton the
deeper waters were typically oligotrophic in faunal conposition. Wile the bottom
fauna in the littoral zone of Okanagan Lake has shown consi derabl e change since the
i nvestigation over 38 years ago (15), the fauna in the deep water sedi nents have not
been affected to the sane extent, and the | ake as a whole nust still be classified
as oligotrophic in terns of the distribution and abundance of benthic organisns.

The bottom fauna in Skaha Lake are conplicated by the presence of both Aigo-
trophic and eutrophic indicator species. This type of distribution of benthic fauna
is not unusual for formerly oligotrophic | akes which are rapidly changed to the
eutrophic state by the sudden introduction of nutrients. The unusual occurrence of
Aigotrophic forms may be explained by the short residence tine of water in this
| ake, with the possibility of continuous re-colonization fromoutflow water from
Ckanagan Lake. This, in conbination with relatively good oxygen levels in the
hypol i mi on, may account for the strange faunal distributions noted in Skaha. There
was al so a predom nance of oligochaetes in Skaha Lake. Over 9,000 invertebrates per
square nmeter were noted in 1971, which was the highest density recorded for al
| akes sampled. 1In 1969 the density was 3,892 per square neter which was second only
to Gsoyoos Lake. O six chirononid species found, very few were indicative of
eut rophi ¢ conditions.

The north and central basins of Osoyoos Lake are, according to the conposition
of the bottom fauna, noderately eutrophic and strongly eutrophic, respectively. The
central basin appears to have been enriched by wastes di scharged fromthe
surroundi ng communities. The northern basin is divided into two basins with a
pronounced underwater ridge between the two northern sub-basins. The average nunber
of bottom fauna per square neter of sedinent surface in Gsoyoos Lake was the hi ghest
recorded in the main valley | ake systemin 1969.



In 1935 denons et al (15) found Kal amal ka Lake to be a typical digotrophic |ake,
slightly richer than kanagan Lake. He al so noted that chironom ds nade up over 95%
of the benthic fauna in the | ake, while studies in 1971 showed that chironom ds nade
up only 55%of the fauna. Thus, a significant shift in the faunal conposition has
taken pl ace over the past 35 years. The abundance of organi snms per square meter
seenms to be of the sane order of magnitude as those fond in 1935. (One station
situated near the nmouth of Coldstream Greek in the northern part of Kal amal ka Lake,
showed sone degree of nild pollution. This finding correlates well w th observations
of nui sance weed growh of f the nmouth of Col dstream Greek in 1971-72. Kal amal ka
Lake, on the basis of the distribution and abundance of benthic invertebrates,
remains a typical Aigotrophic |ake, relatively rich in cal cium The changes that
have occurred in Kal amal ka Lake since denens et al (15) investigations in 1935, are
of much smal |l er magni tude than those found i n Ckanagan Lake

In 1935, denens et al (15) found that the benthic fauna of Wod Lake was
characteristic of that of a eutrophic |lake with very high densities of oligochaetes
and chironomds. He noted that in all sanples he collected there were always nore
than 1,000 ol i gochaetes per square neter, and at a depth of 23 neters he found as
many as 23,000 per square neter. Today, the |ake has very few organisms in the
sediment. In nmost areas no ol igochaetes occur at all, and only a few species of
Chirononus attenuatus were found. Two stations |ocated near the outlet are obviously
i nfl uenced by water from Kal amal ka Lake but neverthel ess have fauna typical of a
eutrophic lake. Even at these stations the nunber of oligochaetes was very much | ess
than 1,000 per square neter. The current |imological condition of Wod Lake does
not al one explain the di sappearance of what was undoubtedly a fornerly rich fauna.
The rate and duration of oxygen depletion is not so high as to explain the apparent
paucity of invertebrates in Wod Lake. One possible explanation is the existence of
some yet unidentified toxic compound in the sedinents.

6.4.7 Zoopl ankt on

St udi es of Zoopl ankt on popul ati ons in (kanagan Lake indicate that little change
has occurred in the species conposition of crustacean plankton since 1935. The only
significant difference invol ves Zoopl ankt on abundance. The average density of
settled plankton fromel even vertical hauls taken by Aenens et al (15) between July
and August 1935 in southern, central and northern regi ons of Ckanagan Lake was 2.8
cubic nmillinmeters per square centinmeter. Sanples taken in Septenber, 1969 and in
August 1971, usi ng a conparabl e net showed an average density of 13.3 and 7.8 cubic
mllinmeters per square centineter, respectively, or approxinately 4.8 and 2.8 tines
nore Zoopl ankt on now than were present in 1935. Even assuning some sanpling error or
i nconpatibility of methods, these values do indicate that there has been an increase
i n abundance of Zoopl ankton in Ckanagan Lake since 1935 (15). As noted previously,
this increase in the density of Zooplankton is paralleled by an 8-fold increase in
the total abundance of bottom organi sns between 1935 and 1969.



It is of interest to conpare the nunmber of crustacean Zoopl ankton in the
kanagan Lakes to those of several Laurentian Geat Lakes. Lakes of the
kanagan Val | ey appear richer in plankton than Lake Superior, but certainty
poorer than Lake Erie and Ontario. Figures for Skaha, Osoyoos and Mdod Lakes
can be interpreted as being quite high if one bears in mnd that the very high
flushing rate of Skaha and Gsoyoos does not favour the accumul ati on of
pl ankt on produced in the lake. |In addition, very |ow oxygen concentrations in
the hypoli mi on of Gsoyoos and Wod Lakes restrict the inhabitable |layer to
approxi mately the upper 20 nmeters as compared to 50 nmeters in the remaining
kanagan Lakes.

8 Fish

Fi sh serve as conveni ent summators both tenporally and spatially, of the
nore general effects of eutrophication in |akes It has been known for sone
time that fishes respond to changes in the trophic nature of |akes, but their
use as indices of eutrophication has only recently been devel oped.

A total of 26 species of fish were taken during the 1971 sanpling program
on the Okanagan Basin Lakes. N ne of the twenty-six species were caught in
all | akes sanpled. These nine include nmountain whitefish, rainbow trout,
kokanee, |argescal e sucker, carp, squawfish, peamouth chub, chisel mouth, and
prickly sculpin. Representatives of the catfish, perch, bass and sunfish
famlies were confined to Vaseux and Osoyoos Lakes, with the exception of the
punpki nseed, which was found in Skaha Lake as well.

There were narked differences anong | akes in the total nunmber of fish
netted. The |owest catch was from Wod Lake, while catches in Skaha and Vaseux
Lakes were al nost double those fromthe other |ake sanpling points.

The seasonal distribution showed some variation in catch with sunmer
catches tending to be nmuch | ower than those in either the spring or autumm.
In sone cases, notably fromcentral Okanagan stations, autumm catches far
exceeded those in spring and sumer conbined (chiefly because of the
dom nati on of mature kokanee in the catch).

A conparison of the relative abundance of sal nobnids (trout and kokanee) to
coarse fish, showed the highest percentage of sal nonids in Ckanagan and
Kal amal ka Lakes, while the greatest abundance of coarse fish cane from Skaha,
Vaseux and Gsoyoos Lakes. This trend applied to catches during each of the
three seasons, even when consi dered separately.

A conparison of 1971 results with those of Ferguson (21) in 1948 for Skaha
Lake show the conbi ned catch and the nunber of sal nonids and whitefish to be
lower in 1971 than they were in 1948, although several were caught by | ake
netting in 1971.



The data of denobns et al (15) indicates narked differences in the relative
abundance of fish in Wod Lake between 1935 and 1971. No carp were netted in the
sunmmer of 1935, (although they were in the |ake) but 12 were caught in 1971. The
contribution of salnonids to the total catch in each of the years sanpl ed was
smal |, but about the same.

Conpari sons of the relative abundance of fish in Okanagan Lake between 1935
and 1971 showed little difference in total catch (conbined stations) between the
two years. No carp were netted in any of the stations in 1935, whereas single
sunmer sets in 1971 took carp at three of the four sanmpling stations. Apparently
the change in the trophic structure of the | ake since 1935 has not yet affected
the fish population. This is to some extent borne out by the fact that nany of
the eutrophication problens of Okanagan Lake are |location affecting nostly
shoreline areas.

Rai nbow trout from Kal amal ka Lake were significantly snaller than those from
Okanagan Lake, but not significantly smaller than those from Skaha or Gsoyoos.
Kokanee from Wod and Kal anal ka Lakes were significantly smaller than those from
the other | akes with the exception of OGsoyoos. Kokanee from Skaha were the
|argest in the system The average |ength of whitefish generally increased toward
the south. Those from Skaha Lake were significantly larger than any other.

It is informative to conpare length estinmates of several species from Skaha
Lake between 1948 and 1971. Although few kokanee were netted in 1948, even the
| argest of these did not attain the average |ength of those netted in 1971. Lake
whitefish were also much larger in 1971, as were the large-scale suckers. It
shoul d be kept in mnd that the sewage treatnent plant at Penticton did not
commence operation until 1948. Hence, eutrophication cannot be considered to be
prevalent in this lake at the time of the 1948 sanpling. The increase in average
size of these species between 1948 and 1971 is likely a real indication of the
effects of lake enrichnent fromnutrients in the treated sewage effluent being
di scharged into this |ake.

Al t hough present fisheries data do not indicate a significant shift in species
conposition, the high growth rate of fish in Skaha Lake, particularly kokanee,
indicates a rapid increase in the biological productivity of this |ake since 1948.
Conversely, the decline in the fishery in Wod Lake, along with other biologica
i ndi cators, suggest that it has reached this condition after passing through a
nore eutrophic stage, and fish productivity has been linited by undesirable
habitat rather than food, e.g. |ow oxygen in the | ower cooler waters, and
excessively high tenperatures in the upper waters.

6.5 RELATI ONSHI P OF NUTRI ENT LOADI NGS TO TROPHI C LEVELS A separate set of
tasks under the Okanagan Basin Study involved the nmonitoring of significant
sources of pollutants to the main valley | akes. These studies are
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di scussed in nmore detail in Chapter 5. The main objectives of these studies were (1) to
identify the najor sources of various el enents including nitrogen and phosphorus, to the
mai n val l ey | akes, particularly those sources which are controllable, and (2) to provide a
base for projecting future | oadings to the systemunder various econom ¢ growh
projections and to assess the probable effect of these increased |oadings on the |akes.
The known sources and their contribution for the two year nonitoring period 1969 to 1971
are shown in Table 5.15, Chapter 5.

Li mol ogi sts have found that the annual input of total phosphorus to a lake is
strongly related to the trophic level of a lake (22). These data on annual phosphorus
i nput, when expressed on an areal basis and plotted as a function of |ake nean depth and
resi dence tine, provide an informative conparison of the current trophic state of the main
valley | akes (Figure 6.5). This shows all |akes with the exception of Kal armal ka Lake to
be in the dangerous zone with respect to the present (1971) total phosphorus |oadings to
each lake. The plots for three of the G eat Lakes are al so shown for conparative
pur poses.

SUMVARY

Li mol ogi cal studies of Ckanagan, Wod and Gsoyoos Lakes indicate an increase in
bi ol ogi cal productivity (al gae and aquatic plant growh) and resultant decline in water
qual ity, commrenci ng about 100 years ago, when the first najor settlenent and devel opnent
of land in the Valley occurred. The decline in quality of Skaha Lake, and to a | esser
extent Kal amal ka Lake, is of nmore recent origin. This decline in quality is confirned by
recorded changes in the main valley takes between conditions docunmented in 1935 (15) and
those of the Ckanagan Basin Study in 1971. The present (1971) trophic conditions of each
of the nain valley |lakes is summari zed in Figure 6.6.

A nunber of significant points are evident fromthese |Iimol ogi cal studies. Ckanagan
Lake is the key lake in the basin. |t comrands over 75%of the tributary runoff; is by
far the largest |lake in both volune and surface area; and controls the quality of water in
t he downstream | akes of Skaha, Vaseux and Gsoyoos. As long as the central water nass in
Ckanagan Lake remains in its present excellent condition the downstream systemw ||
benefit. However as soon as this central water mass deteriorates, the downstream system
will deteriorate with it. Skaha Lake currently has the highest relative fertility and
bi ol ogical growh rate, conbined with the highest oxygen depletion rate in bottomwaters.
Its present |evel of enrichment nay be conpared to that of Wod Lake in 1935, when the
kokanee caught in Wod Lake were the largest in the system The existing quality in Skaha
however, has so far been maintained by the high quality and quantity of water flow ng in
from Ckanagan Lake, its short retention tinme in the |ake, and the probable precipitation
of phosphorus as an apatite by these waters. The reduction of phosphorus inputs to this
| ake should result in a rapid i nprovement of its quality.

The relative fertility of Kal amal ka Lake water under |aboratory conditions is high
and yet the | ake has a very | ow biological productivity. This is considered to be due to
the inportant cal ci umcarbonate cycle which co-precipitates |arge anounts



1000

HTTTT T T 1 TTTTT T 7 mrTTrT 1T T Jo '™
w = -
B i 3 @ Q =
x @ [ I
- S W 7] a ]
a9 2 o
b4 @ —
B I 4« w o
\Q o ~
- * 8 —
3
o
" o
= =K}
[ . —
B o
- ] (1]
2
- — <
N
B 4 3 ] w
g X s
2 =
%3 w
Qo o o
— 4= =z
L 2 ] L
- i et O
L -+ p_— ——
w
= - 11}
- — 149
~
- — T
-
o
= . w
o)
Z
o o
= —HQ =
N N -
N 5 ]
- = ® —
| Q 3 ]
T (73]
a —
N o
x
P —
B o
_u.l
[ I Y O I =
S - — o®
o = o o

ANNUAL LOADING OF TOTAL PHOSPHORUS -GRAMS/SQUARE METER

THE ANNUAL TOTAL PHOSPHORUS LOAD TO THE MAIN VALLEY
LAKES OF THE OKANAGAN BASIN,1969-197I. Figure 6.5



CONDI TIONS OF MAIN VALLEY LAKES-1971

LAKE

Trophic
Condition

Water
Quality

COMMENTS ON 1971 CONDITION

Kailaumaika

Oligotrophic

Relative fertility of lake is high, but condition
has keen preserved by unigue calcium carbonate
cycle which co-precipitates phosphorus and other
heavy metals each spring. High mercury content

in sediments. High pesticide (D.D.T.) levels
found in trout and kokanee over 3 pounds in weight

Okanagan

Oligo - meso-
trophic

Central water mass of lake iz still in excellent
condition but serious deterioraticn has cccurred
around shoreline areas of lake which are affected
by wastewater cutfalls and choreline development.
High mercury content in sediments. The maintenance
of a high water guality in this lake is essential
if the water quality in the lower lakes is to be
maintained or improved from their present trophic
levels.

Skaha

Meso-Eutrophic

Acceptable

This lake has the highect relative fertility and
biological growth rate of the main valley lakes
and consequently its quality has deteriorated the
most rapidly. The main cause of this deteriorat-
ion is considered to have been the effluent from
the Penticton Municipal Waste Treatment Plant.
The high gquality of inflow water to Skaha Lake,
its short retention time in the lake, and the
probable precipitation of phosphorus as an apatite
have kept t s lake from deteriorating further,
and provide the means for improving the quality
in a short period of time 1f nutrient inputs to
the lake are significantly reduced.

(@)
)

0L 00S

1

Meso~Eutrophic

Acceptable

Lake first affected by development as early as
1870. Osoycos Lake is, in fact, three lakes with
sand deposits between them with the quality gen-
erally deteriorating in a southward direction.
Over 65% of all nutrients entering this lake come
from Okanagan River including surface and sup-
surface drainage to Okanagan River between Skaha
and Osoyoos Lakes. The short retention time of the
water in this lake may be preventing serious over-
enrichment. Low oxygen concentrations in bottom
waters during summer months. High mercury levels
in sediments. Osoyoos Lake serves as an important
rearing ground for small sockeye salmon.

Vaseux

Eutrophic

Acceptable

Vaseux has always been a productive lake and the
extensive weed growth covering much of the lake's
surface will remain an integral part of the lake's
environment regardless of a varying nutrient input
from Okanagan River.

Wood

Eutrophic

Poor

Most eutrophic lake in Okanagan Basin. Scvere oxy-
gen deficiency in lower waters in summer months al-
ong with high temperatures in surface waters provide
an unsuitable habitat for most fish. High mercury
content in sediments, and paucity of benthic fauna
due to unidentified toxic substance. Increased in-
flow from industial cooling water pumped from Okan-
agan Lake and discharged to Vernon Creek, com-
mencing in 1971, has reduced renewal time tc histor-
ical levels amdmay speed the recovery of this lake.

Figure 6.6




of trace el enents including phosphorus to the | ake sedinments in the early
summer. The sane cycl e does not occur in Wod Lake which has deteriorated
in recent years to the point where the severe | ack of oxygen is limting
the productivity of certain faunal conponents, including fish. Increased
inflow fromindustrial cooling water punped from Ckanagan Lake and

di scharged to Vernon Creek, comencing in 1971, has reduced the renewal
time of water in this lake to historical levels (30 years to 14 years)

whi ch may speed the recovery of this |ake providing phosphorus | oadings are
reduced. However, the effect of these increased flows and any resulting
nutrient transport, on Kal anal ka Lake renmmi ns a concern and should be

cl osel y wat ched.

Gsoyoos Lake has oxygen deficit probl ens because of its neso-
eut rophic condition and natural division of the Lake into snall isolated
basins. The present quality however, is being maintained by the short
retention time of water in the | ake.

All the main valley |akes in the basin have shown sone increase in
bi ol ogi cal productivity since the studies of 1935. In the case of
Kal amal ka and the central nass of Okanagan Lake, the small increase noted
may actually be beneficial with respect to sport fishing w thout inmpairing
the quality of the water. Qher increases in biological productivity,
especi ally around the shoreline of Ckanagan Lake is definitely detrinmenta
to the quality of that |ake and the nmi nstem system downstream There will
be a continuing decline in quality in all |akes unless condition are
corrected by a reduction of phosphorus inputs to the system

Two other materials that have been found in excess in sonme of the |akes
are nercury and the pesticide D.D.T. The concentration of nercury found in
parts of Okanagan, Kal anal ka and Osoyoos Lake sedinments are extrenely high
and when conveyed through the food chain to |larger fish, pose a potentia
heal th problem Mercury has also affected the reproductive capacity of the
sal nonid species. D.D.T. has been found in concentrations exceedi ng safe
levels in larger fish. The use of this pesticide in British Col unbia was
banned in 1971.



