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ABSTRACT

A water quality monitoring program in spring and fall 1979-80 was continued
from Environmental Protection Services studies in 1976-1978 to evaluate long
term trophic changes in the main body of Lakes Okanagan, Skaha, Osoyocos, Wood
and Kalamalka. Bi-weekly sampling in April to October, 1979, at a shallow
station-in Vernon Arm served to document the water quality response to complete
sewage removal in August, 1977. Although no large water quality changes have
occurred in Okanagan Lake since 1971, slight increases in total dissolved
phosphorus and total nitrogen have been noticed in 1979 and 1980." Continued
reduction in nutrient levels and algal biomass in Vernon Arm of Okanagan Lake
attests to the improved water quality following sewage diversion. Skaha Lake
has shown signs of a reversal in the improved water quality noted in 1976-78.
Increased spring phosphorus and phytoplankton chlorophyli-a levels in 1979
have approached values reported in 1969-71 prior to phosophorus reduction in
Penticton sewage. O0Osoyoos and Wood Lakes remain in an eutrophic state.
Kalamalka Lake possesses spring nutrient and phytoplankton chlorophyll-a
levels similar to Okanagan Lake. Small incréases in spring nutrient Tevels
and biological production have been noted in Kalamalka Lake in recent years.
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SUMMARY AND CONCLUSIONS

A water quality monitoring program for the mainstem Okanagan Lakes was

carried out by Environmental Protection Service (EPS), Environment Canada,
under the Okanagan Basin Implementation Agreement in 1976-1978. The study was
continued in 1979 by the Waste Management Branch of the B. C. Ministry of
Environment to further measure the water quality response to implemented waste
management measures and to identify possible long term changes in lake water
quality. Limnological data was collected in the spring and fall of 1979 and
1980 in Lakes Okanagan, Skaha, Osoyoos, Wood and Kalamalka using the same
methods as the EPS in 1976 through 1978.

Qkanagan Lake (Deep Stations)

Notable increases in organic nitrogen at 0K-2 and 0K-3 and sTight increases in
total dissolved phosphorus at all three stations were noted in'1980. The 1979
phytoplankton standing crop was greater than previous years with volumes '
dominated by blue-green algae and all densities dominated by diatoms. Slight
increases in spring phytoplankton chlorophyll-a noted in 1979 were still

below season means recorded in 1971. Hypolimnetic dissolved oxygen levels
-have remained much the same as in 1971 with better than 95% saturation in

the fall months at all three sites.

In summation, the main body of Okanagan Lake is between oligotrophy and
mesotrophy. Influences of cultural eutrophication (sewage discharge, septic
tanks, fertilizers, increased soil erosion, etc.) are inevitably increasing
the fertility of Okanagan Lake. Due to the long residence time of water in
Okanagan Lake, changes will occur slowly over a long time frame and, at
present, are overshadowed by small year to year fluctuations.
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Qkanagan Lake (Shallow Stations)

Complete sewage removal from Vernon Arm (0K-S2) in 1977 has resulted in
notable decreases in nutrient levels and algal standing crop at OK-S2. Total
and total dissolved phosphorus, nitrate and ammonia nitrogen all decreased
markedly in 1978 and continued to decline in 1979. Algal standing crop at
OK-S2 also dropped following sewage removal. Seasonal mean phytoplankton
chlorophyll-a values at OK-S2 decreased from 4.16 ug/1 in 1977 to 2.50 ﬁg/]

in 1978 and dropped again in 1979 to 1.59 ug/1. Seasonal periphyton »
chlorophy1l-a values also dropped from 2.28 ng/1 in 1977 to 0.58 and 0.15 ug/1
in 1979 and 1980, respectively. '

Skaha Lake

Spring phosphorus and.chlorophyll-a Tlevels in spring 1979 and 1980 have
increased above the 1976-1978 values and have approached levels recorded prior
to tertiary treatment of Penticton sewage in 1972. Greater demand on the
Penticton Sew~ge Treatment Plant and reduced outflow from Skaha Lake in 1979
and 1980 are contributing factors in increased phosphorus Toading to Skaha Lake.
While no trend has developed in nitrate and ammonia nitrogen levels., spring
total nitrogen levels in Skaha Lake have continued to increase since 1971 in
response to wastewater discharge from the City of Penticton. Minimum
hypolimnetic dissolved oxygen levels noted in fall 1979 and 1980 were greater
than those recorded in 1977 and 1978. Nutrient levels and phytoplankton
characteristics recorded in 1979-1980 have approached eutrophic levels.

Osoyoos Lake

While spring total phosphorus values have not changed appreciably, nitrate
nitrogen and total nitrogen values have increased since the QOkanagan Basin
Limnology Study in 1971. Nitrogen phosphorus ratios have ranged from 13:1 in
1978 to 20:1 in 1980. Similar to Skaha Lake, minimum hypo]imnion dissolved
oxygen levels were slightly higher in 1979 and 1980 than previous years.
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Hypolimnetic depletion rates in 1979 and 1980 are similar to critical values
reported by Truscott and Kelso for years 1977 and 1978. High nutrient levels
and critically low oxygen levels in the hypolimnion are indicative of the poor
water quality and eutrophic status of Osoyoos Lake.

Wood Lake

Wood Lake waters contain the highest phosphorus and nitrogen levels of all
Okanagan lakes. Total dissolved phosphorus levels have increased from a
spring mean of 19.5 ﬁg/1 in 1976 to 79.3 ﬁg/1 in 1980. Critically low’
hypolimnetic DO levels of less than 1 mg/1 measured in the hypolimnion of
Wood Lake in 1977 through 1980 may allow phosphorus release from the
sediments.

Wood Lake is the most eutrophic of the five mainstem Okanagan Lakes.

Kalamalka Lake

Spking total and total dissolved phosphorus levels in Kalamalka Lake are
similar to those of Okanagan Lake, showing only small increases-since 1976.
‘No appreciable change has occurred in spring nitrogen levels over the past
" five years. Although chlorophyll-a levels have remained in the oligo-
mesotrophic range, increases have been noted since 1978. The relatively
low nutrient concentrations and well oxygenated hypolimnion are indicative
of a meso-oligotrophic state.
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INTRODUCTION

In 1976 the Okanagan Basin Implementation Board (OBIB) in conjunction
with the Environmental Protection Service, Environment Canada,
undertook a three-year (1976-1978, spring through fall) limnological
study of Lakes Okanagan, Osoyoos and Skaha. The objectives of the
Study were to monitor the water quality changes in each lake
following implementation of waste treatment measures in 1972 and
subsequent years. Particular attention was given to Vernon Arm of
Okanagan Lake where complete diversion of Vernon sewage to land
disposal had occurred in August, 1977. Skaha and Osoyoos Lakes were
of major interest as they are downstream of the sewage treatment -
plant at Penticton where 70% phosphorus removal from sewage was
effected in 1972. Phosphorus removal has increased to 85% in
subsequent years. Results of this comprehensive study have been
reported by Truscott and Kelso (1979) for OBIB under the terms of the
Canada-British Columbia Okanagan Basin Implementation Agreement
(OBIA). '

Following the 1976-1978 study, the OBIB recognized that a continued
lake response monitoring program on a reduced scale was an essential
component of any water management plan for the Okanagan Basin. Such

a program would identify long term changes in water quality of the
main valley lakes and response to implementation of additional waste
management procedures to maintain this quality. In addition, further
monitoring on fixed term (April to October, 1979) was deemed necessary
to more fully document the response to Vernon Arm to reduced nutrient
loading.

To meet these objectives a semi-annual (spring and fall only) sampling
program of the Okanagan lakes in 1979 and 1980 was funded by the OBIA
and sampling duties were shifted from the Environmental Protection
Service to the Waste Management Branch of the Ministry of Environment.
This report presents the 1979 monitoring results noting water quality
response at the shallow station in Vernon Arm of Okanagan Lake and
trends in lake quality at deep stations in Okanagan, Skaha, Osoyoos,



Wood and Kalamalka Lakes during 1979 and 1980. This report serves to
present and discuss the results of the 1979 and 1980 sampling program
relative to the 1971 Okanagan Basin Limnological Study and the 1976-1978
Lake Monitoring Program but not to critically review and evaluate the
validity of data generated during earlier studies. Several limitations
of the 1971 limnology data, particularly chemical parameters, have

been identified by Truscott and Kelso (1979). Questions have also

been raised regarding the chlorophyll-a analysis and algal biovolume
calculations presented by Truscott and Kelso. In comparing data for
periods 1976-1978 to 1979-1980 emphasis has been placed in similar
spring and fall sampling data.

METHODS

SampTing methods in 1979 and 1980 remained.largely unchanged from the
Truscott and Kelso study of 1976 to 1978. A brief outline of the
sampling program is given below noting details of sampling techniques
which deviate from the 1976-1978 study. A more complete treatment of
sampling methods may be found in Truscott and Kelso (1979).

A1l deep stations (located over deep basin(s) of each major lake) were
retained to ensure comparability of results. In addition, two stations
were reactivated which had been sampled in 1971 during the Okanagan
Basin Study. One is near the center of Wood Lake (W-1) and the other
is south of Rattlesnake Point in Kalamalka Lake (K-1). These, stations
rounded out the water quality data base providing information for all
five of the main valley lakes. Location of the seven deep stations
sampled in 1979 and 1980 are shown in Figure 1.

Sampling at deep stations was reduced to once in the spring (March to
April) and once in the fall (September to October). Sbring sampling
provided knowledge of nutrient concentrations, ph&top]ankton abundance
and saturation levels for dissolved oxygen prior to thermal
stratification. Autumn sampling prior to turnover focused on

nutrient depletion and recycling, relative bjomass and character of
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TABLE 1:

{1979-1980) AT OKANAGAN LAKES

SAMPLING DATES FOR SHALLOW STATIONS (1979) AND DEEP STATIONS

SHALLOW STATION SAMPLING DATES AT BEGINNING OF EACH TWO-WEEK PERIOD IN 1979:

Apr. Apr. May May Jun. Jun. Jul. Jul. Aug. Aug. Sep. Sep. Oct.
9 23 9 22 b 19 3 17 1 14 11 25 9

0K-S2 - x X X X X X X X X X X X X
OK-S3 X X X X X X X X X X X X X
DEEP STATIONS SAMPLING DATES FOR 1979 AND 1980:

SPRING FALL SPRING FALL

1979 1979 1980 1980
OK~1 Apr. 10 Oct. 9 Apr. 24 Sep. 16
0K-2 Apr. 18 Oct. 11 Apr. 14 Sep. 15
O0K-3 Apr. 19 Sep. 26 Apr. 15 Sep. 10
5-1 Apr. 12 Oct. 2 Apr. 9 Sep. 8
0-1 Apr. 11 Oct. 1 Apr. 10 Sep. 9
W-1 Apr. 18 Oct. 3 Mar. 27 Sep. 17
K-1 - Apr. 17 Oct. 10 - Apr. 23 Sep. 17




TABLE 2: SUMMARY OF WATER CHEMISTRY SAMPLING METHODS
TESTING AGENCY
1979 1980
PARAMETER FIELD PREPARATION* SPRING  FALL SPRING  FALL SAMPLING DEPTHS
Total Phosphorus I.W.D..l Env.2 Env. Env. Spr{ng 1979 & Fall 1980
Total Dissolved P Filter through 0.45 1.W.D. Env. Env. Env. 1 m.
. : micron Sartorius 12 m.
membrane filters. 20 m.
Bottom: 1-2 m.
) above bottom.
Nitrate-Nitrite I.W.D Env. Env, Env.
Ammonia T.W.D. Env. Env. Env.
Organic Nitrogen N/A Env. Env. Env. Fall 1979 & Spring 1980
Total Dissolved N I.W.D.  Env. Env. Env. 1 m. )
Total Nitrogen I.W.D. Env. Env.  Env. ;S m'
44 m. or 1-2 m.
above bottom if
Particulate Nitrogen Filter through L.W.D. IL.W.D. I.W.D. T.W.D. less than 44 m.

Particulate Carbon

roasted GF-F Whatman

Glass fiber filtare, [-H-D. LW.D. LH.D. LU.D.

A1l water chemistry

Inorganic Carbon NS Env. Env.  Env. Zf??lﬁ; %gl1gg:§d with
Organic Carbon N/A N/A Env. Eny.
Silica-Reactive I.W.D.  Eny. Eny. Env.
Specific Conductivity N/A Env. Env. Eny.
Turbidity 1.W.D. N/A N/A Env.
Temperature Profile** Bathythermograph to B.T. YSI YSI B.T.
maximum depth (B.T.)
YSI probe to maximum
of 44 meters.
Dissolved Oxygen Profile** Winkler YSI YSI YSI
]I.N.D. - Water Quality Branch of the Inland Waters Directorate in North Vancouver (see Inland Waters
Directorate, 1974, for methods of determipation). .
2Env. - B, C. Environmental Laboratory, Vancouver (see "A Laboratory Manual for the Chemical Analysis of
Waters, Wastewaters, Sediments, and Biological Material" - Ministry of Environment Lab. 1976, 2nd Ed.)
3N/A ~ Not analyzed.
*k - Temperature and dissolved oxygen profile measurements for deep stations made at 2 m. intervals to
' 20 m. depth; 4 m. intervals below 20 m. depth in Fall 1979, Spring 1980 and Fall 1980, HACH chemical
D.0. check used at surface and bottom depths. YSI refers to Yellow Springs Instrument dissolved
oxygen meter.

Field preparation - All samples cooled on ice and transported to testing agency within 24 hours of
collection.
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phytoplankton and zooplankton communities, thermal stratification and
hypolimnetic oxygen depletion. Sampling dates for deep stations in
1979 and 1980 are provided in Table 1.

The number of shallow stations was reduced in 1979 to 0K-S2 in Vernon
Arm, and control station OK-S3 near Okanagan Centre on Okanagan Lake
(Figure 1). Sampling at two-week intervals, April through October,
was continued from previous years to measure in greater detail water
quality and algae response to sewage diversion from Vernon Arm in
August, 1977. Sampling dates for shallow stations OK-S2 and 0K-S3
are given in Table 1. '

A minimum number of parameters was selected from previous and existing
monitoring programs to demonstrate important chemical, physical and
biological aspects of the lakes. Chemical analyses were limited to
major nutrients phosphorus, nitrogen and carbon. Select physical
parameters and indicators of biomass were also analyzed. Summaries

of the chemical, physical and biological sampling program for the deep
and shallow stations are provided in Tables 2 and 3.

RESULTS AND DISCUSSION

Summaries of sampling results are presented throughout this text.
Complete records of 1979-1980 data are provided in the appendices of
this report. A more complete record of 1976-1978 data may be found
in Truscott and Kelso (1979). Important water chemistry data from
1976 to 1980 and biological information for 1979 is stored in EQUIS*
under Sampling Agency 53 and the following site identification
numbers:

* EQUIS - Environmental Quality Use Information System; B. C.
Ministry system.



Site

Abbreviation Description Identification
_ Number
OK-1 Okanagan Lake N. Okanagan Centre 0500730
0K-2 Okanagan Lake S. Kelowna Bridge 0500236
0K-3 Okanagan Lake S. Squally Point . 0500729
S-1 Skaha Lake opposite Gillies Creek 0500615
0-1 Osoyoos Lake opposite Monashee
Cooperative 0500728
W-1 Wood Lake at Center 0500245
K-1 Kalamalka Lake at Rattlesnake B
Point 0500247

3.1 Physical Limnology at Deep Stations

3.1.1 Temperature

A1l of the main Okanagan Lakes have been previously described as
dimictic (Blanton, 1973; Stockner et al, 1974). During the initial
three years (1976-1978) monthly temperature profiles (April through
October) were recorded for Lakes Okanagan, Osoyoos and Skaha. These
observations confirmed those of Blanton. Temperature profiles for
all seven lakes in the spring and fall of 1979 and 1980 are presented
in Appendix II. Although spring 1979 sampling depicted isothermal
temperature profiles of 3.0 to 4,0° C, spring sampling in 1980 at
approximately the same calendar dates revealed warmer surface
temperatures ranging from 4.0 to 8.0°C. Truscott and Kelso (1979)
jdentified August as the month of maximum thermal stratification.
Temperature profiles for the fall (September-Qctober) of 1979 and
1980 showed relatively strong thermal stability in most lakes
although cooling of surface waters (based on surface maxima in
previous years) and transmission of heat to the h}polimnion was
apparent. '



‘TABLE 4:  SECCHI READINGS (m) FOR DEEP STATIONS ON LAKES OKANAGAN (OK-1, OK-2,
0K-3), SKAHA (S-1), 0SOYDOS (0-1), WOOD (W-1), AND KALAMALKA (K-1)
FOR 1971 and 1976-1980

| 1976-1980
STATION MONTH 1971 1976 1977 1978 1979 1980 iilnid
0K-1 Spring! 10.0 - 6.3 6.5 12.0 6.5 7.8
Fall? 9.0 8.5 7.3 7.5 11.0 9.0 8.6
0k-2 Spring 9.5 - 8.0 5.5 9.5 7.5 7.6
Fall - 8.2 7.8 7.5  10.6
0K-3 Spring - - 8.0 8.0 12.0 11.5 9.9
Fall 9.0 7.8 8.5 8.5 10.4 10.5
5-1 Spring 6.0 - 4.7 4.5 4.7 4.2 4.5
Fall - 4.3 3.9 4.2 3.8 2.8 3.8
0-1 Spring 3.5 - 4.1 3.4 4.5 3.5 3.9
Fall - 3.9 3.2 4.5 2.8
W-1 Spring 2.5% 2.0* 2.0 3.3* 3.4 8.1 .
Fall - 1.5%  3.2%  4.1% 5.1 3.3 3.4
3
K1 Spring 9.0 87% 12.4% 11.6* 9.7 7.5 10.0
Fall . - 5.9* 4,2  6.7%* 10.2 5.5 6.5

Spring: April to May.
2 Fall: September to October.
Seasonal means (April-October), Stockner and Northcote (1971).

* Data collected by Waste Management Branch.
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3.1.2 Secchi Disc

Spring and fall Secchi readings for 1979 and 1980 are shown in Table 4
along W1th similar sampling dates for 1971 and 1976 through 1978. The
~absence of seasonal information for 1979 and 1980 precludes identifying
trends over the full four-year period. Comparison of spring and fall
Secchi readings for 1976 through 1980 show a perceptable change only
in Wood Lake (Table 4). Wood Lake water transparency in the spring

increased from 2.0 to 8.1m and in fall from 1.0 to 3.3m.

Based on the 1979 and 1980 sampling results, stations order in =
decreasing transparency as follows:

. Okanagan Lake south of Squally Point;

Okanagan Lake north of Qkanagan Centre;
‘Okanagan Lake south of Kelowna Bridge;

Kalamalka Lake at Rattlesnake Pofint;

Wood Lake at Center;

Skaha Lake opposite Gillies Creek;

Osoyocos Lake opposite Monashee Co-Op (N. Basin).

~NOoOY BN e

3.2 Chemical Limnology at Deep Stations

3.2.1 Phosphorus {Total and Total Dissolyed)

Okanagan Lake deep stations have shown no real changes in spring
turnover total phosphorus (TP) values since the 1971 Basin Study
(Table 5). A possible exception was a high value of 10.8 ug/1 at
OK-1 in spring, 1980. The range of 10-20 ug PO, (P) 17 has been
suggested as a critical threshold allowing excessive algal blooms
and aquatic plant growth (Sawyer, 1947; Vollenweider, 1968). Thus,
phosphorus in the main body of Okanagan Lake is Tess than this
threshold. Spring turnover total dissolved P Tevels increased by
1.0 to 2.5 ug/1 at all three Okanagan Lake deep statjons in 1979
and 1980.

11



Skaha Lake spring turnover total phosphorus levels varied widely with
mean values ranging between 11.0 (1977) and 24.5 ng/1 (1980, Table 5).
Waste Management Branch sampling in March found considerably higher
levels of 22,5 ug/1 in 1978, 35.0 in 1979 and 31.0 ug/1 in 1980. Total
dissolved phosphorus (TDP) levels doubled from 5.0 ug/1 in April, 1979

to 10.0 ug/T1 in April, 1980. Waste Management Branch sampling in March
produced conflicting results of 14.0 and 7.0 ug/1 TDP in 1979 and 1980,
respectively. Truscott and Kelso (1979) reported a reduction in

average total P levels of 15.3 ﬁg/] (4-65%) had occurred in Skaha Lake
between 1969-1971 and 1976-1978. Since 1977, phosphorus levels have been
increasing and approaching levels of 31.7 g/1 (1969) and 41.3 g/1 (1970).
As noted by Fleming and Stockner (1975) and Nordin (1981), hydrologic
fluctuations and concurrent changes in water residence time can have
significant effects on nutrient concentration and biological activities
within short periods of time.

Osoyoos Lake spring total phosphorus (TP) levels have not changed greatly
since 1971 (Table 5). Mean spring TP levels of 17.3 ug/1 in 1979 and
21.8 ug/1 in 1980 are typical of present year to year variability in
Osoyoos Lake. Spring mean total dissolved P levels ranged from 4.5 ug/1
in 1978 to 9.0 Qg/] in 1980 again providing no clear trend (Table 5).

Wood Lake water is exceedingly high in total and total dissolved
phosphorus (Table 5). Based on earlier Waste Management Branch data,
spring mean total P levels have not changed appreciably, ranging from
55.8 ug/1 in 1979 to 91.0 ug/1 in 1978. 1In contrast, spring total
dissolved phosphorus Tevels have increased markedly from 4.5 ug/1 in
1975 and 19.5 in 1976 to 74.0 ug/1 and 79.3 pg/1 in 1978 and 1980,
respectively. Mass balance estimates for Wood Lake indicate that
phosphorus is released from sediments in anoxic portions of the
hypolimnion (Stockner and Northcote, 1974).

Although in Kalamalka Lake, spring turnover total phosphorus Tevels
have remained less than 7.5 ﬁg/] for years 1974 through 1979, a gradual
increase has occurred since 1978 reaching 10.0 ﬁg/l in 1980. Spring
total dissolved phosphorus levels have also increased slowly from

L3.0 ug/1 in 1975-1977 to 4.0 pg/1 in 1978-1979 and 5.8 ug/1 in 1980.

12
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3.2.2 Nitrogen (Total, Nitrite/Nitrate, Ammonia)

As nitrite-N is usually found in only minute quantities (0.001 mg/1)
in oxygenated waters the nitrite/nitrate results will be reported as
nitrate nitrogen.

Okanagan Lake deep stations exhibited little change in spring nitrogen
Tevels for 1977 through 1980 (Table 6). Spring mean nitrate levels
fluctuated widely from 14.5 to 63.5 ﬁg/1 over the four-year period.
Ammonia levels ranged from 10.5 to 15.5 ﬁg/] in 1980 with no trend
demonstrated in years 1977 to 1980. O0K-2 showed the highest spring
mean total N concentration over 1977-1980 of 363.8 ﬁg/1. Lower spring
mean levels of 194.1 and 245.8 ﬁg/i at OK-1 and 0K-3, respectively,
were found over the four-year period.

Skaha Lake spring nitrate nitrogen levels are very low, less than

20 ﬁg/] in 1976-1980 (Table 6). Spring ammonia levels were consistently
less than 15 ﬂd/] with Tittle or no hypolimnetic accumh]ation in the fall
sampling periods. Truscott and Kelso (1979) noted a trend of increasing
total nitrogen levels since 1971. This trend has continued in 1979

and 1980 data reaching a mean of 320 ﬁg/1 in spring 1980 (Table 7).

Osoyoos Lake nitrate nitrogen Tevels increased from 36.9 nug/1 in Apr11;
1979, to 142.5 ug/1 in April 1980 (Table 6). Average spring ammonia
levels ranged from 7.5 to 27.3 ug/1 with a mean of 16.71 ng/1 over the
four-year period 1977-1980. Dehitrification in the hypolimnion does
not appear to be occurring despite dissolved oxygen concentrations
reaching critically low levels. Nitrification processes may continue
to 0.3 mg 02/1 at which time diffusion rates of oxygen to bacteria
become critical (Wetzel, 1975). Spring total nitrogen values ranged
from 285 to 440 ug/1 over the four years with mean of 333.5 ug/1.

Wood Lake nitrogen levels are higher than any other major lake in the
Okanagan system. Spring mean nitrate nitrogen levels fluctuated
widely from 53.7 ué/] (1979) to 335 ug/l (1978) with a mean of 177.3
1g/1 over the five-year period (1975-1980). Waste Management Branch

14
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data for Wood Lake has shown epilimnion nitrate depletion by August and
an associated accumulation in the hypolimnion. Ammonification in the
anaerobic hypolimnion during the fall months have generated levels of
530 pg/1 (1979 and 258 ug/1 (1980) well in excess of 20 ng/1 guideline
set by the Environmental Studies Board (1973) to protect aquatic 1ife.

Nitrogen Tevels in Kalamalka Lake have not altered significantly over
the past five years. Spring mean nitrate nitrogen values ranged between
34.0 and 50.0vﬁg/] in 1975 to 1980. Ammonia levels ranged from 7.5 to
18.0 pg/1 for the same time period.

Measurements of particulate nitrogen were also made in 1979 and 1980.
Particulate nitrogen results are provided in Appéndix III.

3.2.3 Nitrogen to Phosphorus Ratios

Nitrogen to phosphorus ratios of 10:1 (Golterman, 1975) to 12:1 (Dillon
and Rigler, 1974) have been suggested as optimal for algal growth.
Ratios greater than 12:1 (P limited) were found at most deep stations
except Wood Lake for years 1977 through 1980 (Table 7). Skaha Lake

N:P ratios have been decreasing since 1977 due to increasing TP levels.
N:P ratios less than 10:1 (N Timited) were found in Wood Lake in 1978
and 1980. Decreasing N:P ratios since 1977 in Kalamalka Lake are
attributed to the doubling in spring TP levels.

3.2.4 Carbon (Particulate, Inorganic, Organic)

Irregular collection of inorganic and organic carbon samples prior to
1980 and Tack of seasonal sampling of all three forms of carbon in 1979
and 1980 precludes determination of year to year trends. Individual
sampling results are provided in Appendix III.

16



3.2.5

Lowest particulate and organic carbon were noted in Okanagan Lake with
increasing levels in the other, more productive lakes. Close
correspondence between seasonal fluctuations of particulate carbon and
chlorophyll-a were noted by Truscott and Kelso (1979). Inorganic
carbon levels were largest in hard water lakes Kalamalka and Wood.

Dissolved Oxygen

With few exceptions, uniform dissolved oxygen concentrations of more
than 12 mg/1 and over 100% saturation were found throughout the lakes
in spring 1979 and 1980. Dissolved oxygen and temperature profilés

are illustrated for all sites in Appendix II. As each lake was sampled
only each spring and fall, hypolimnetic oxygen depletion cannot be
determined accurately.

Autumn dissolyed oxygen profiles for all three Okanagan Lake sites
portray orthograde curves in 1979 and 1980 (Appendix I1I). Hypolimnetic
dissolved oxygen (DO) concentrations decreased slightly in September,
1980 to approximately 95% saturation at OK-1, 96% at OK-2 and 99% at
OK-3. These results compare similarily with October 1976, 1977 and 1978
hypolimnetic DO concentrations of approximately 92% at OK-2 and OK-3,
and 97% saturation at OK-1, Little change in hypolimnetic oxygen
depletion has been documented since 1971 at the Okanagan Lake stations.

As in previous years Skaha Lake showed a much greater hypolimnetic
depletion in 1979 and 1980 than Okanagan Lake. Fall DO profiles for
Skaha Lake in 1979 and 1980 depict negative heterograde curyes showing
sharp reduction of DO concentrations in the metalimnjon. Hypolimnetic
DO measurements to 44m depth recorded a mean saturation Jevel of 43.9%
in October, 1979, and 52.0% in September, 1980, with hypolimnetic minima
of 4.0 and 5.2 mg/1 in the respective years, Although these values
appear higher than previous years (33% in October, 1977, 13% in October,
1978) areal hypolimnetic oxygen depletion rates of 0.092 mg 02/cm /day
in 1979 and part1cu1ar1y 0.122 mgQ,, /cmz/day in 1980 were similar to
0.125 and 0.139 mgoz/cm / day in 1977 and 1978, respectively.

Hutchinson (1957) suggested a boundary between an oligotrophic and

17



eutrophic lakes as 0.025 to 0.055 mgOz/sz/day. As oxygen levels are
not known at intervals between spring and fall dates the calculated
hypolimnetic oxygen depletion rates serve only as approximations for
comparison with prior years. Hypolimnetic areal deficits in Skaha,
Osoyoos and Wood during the per1od 1969 to 1971 were approximately
0.077, 0.082 and 0.080 mg/cm /day, respectively (Patalis and Salki,
1973).

Dissolved oxygen profiles for Osoyoos Lake in fall 1979 and 1980
represent clinograde curves, typical of eutrophic conditions

(Appendix I1). Minimum recorded hypolimnetic DO levels of 2.6 mg/1 at
44 meters in 1979 and 3.8 mg/1 at 60 meters in 1980 were well below the
NRC recommended Tlevel of 6.0 mg/1 needed for good growth and well being
of trout, salmon and other fish species. Minimum average hypolimnetic
D0 saturation levels of 27.0% in 1979 and 35.0% in 1980 were above 15.1%
in 1977 and 7.0% saturat1on in 1978. A hypolimnetic DO depletion rate
of 0.095 mg0, /cm /day from April to September, 1980 correspond well
‘with 0.098 mgO /cm /day in 1977 and 0.091 mg0, /cm? /day in 1978.

Wood Lake also demonstrated a clinograde dissolved oxygen profile with
minimum hypolimnetic Tevels of 0.2 mg/1 (mean 17% saturation) in 1979
and 0.4 mg/1 (mean 8.7% saturation) in 1980. Waste Management Branch
samp1ihg found minimum DO levels of 0,2 mg/1 in 1977 and 0.1 mg/71 in
1978. Williams (1973) recorded a mean hypolimnetic saturation level of
6% in 1971. These levels are sufficiently Tow to allow reversal of

the oxidation-reduction process and feedback of nutrients from the
sediments to the overlying waters (Wetzel, 1975). |

Dissolved oxygen profiles for Kalamalka Lake show a well oxygenated

hypolimnion with a slight decrease to approximately 83.8% saturation

at 44 meters in October, 1979, and 93.8% saturation at 96 meters in

September, 1980. Metalimnion DO Jevels in excess of 100% saturation

in the autumn of 1979 and 1980 are probably attributed to phytoplankton

photosynthetic activities near the thermocline where sufficient Tight
and nutrients are available (Appendix I1).

18



.3.2.6

3.2.7

Conductivity

Conductivities of epilimnetic and hypolimnetic waters for deep stations
in 1979 and 1980 correspond well with seasonal values reported by
Truscott and Kelso (1979) for 1976 through 1978 (Table 8). Okanagan,
Skaha and Osoyoos Lakes have similar conductivities (1976 to1980)

ranging from 263 to 277 ﬁmhos/cm. Wood and Kalamalka Lakes have higher
conductivity ranges of 320 to 362 and 385 to 403 umhos/cm, respectively.

Truscott and Kelso (1979) reported conductivities of lakes in the
QOkanagan watershed as noticably higher than other British Columbian

lakes due to aspects of easily eroded geological materials (1imestones,

glacial draft, clay-silt terraces, conglomerate rock and bassalts) and
high residence times for the Take water.

Reduced epilimnetic conductivities in fall, 1980, with a cbncomitant
increase in hypolimnetic conductivities, relative to spring values,

represent epilimnetic decalcification through photosynthesis causing
precipitation and partial resolubilization of CaCO3 in the hyplimnion
(Wetzel, 1975).

Silicon Dioxide

‘Mean epilimnetic silicon dioxide values for the spring and fall of

1979-1980 are presented in Table 9. A1] silicon test results are
provided for each station in Appendix III. -

A1l three Okanagan Lake stations recorded SiO2 values greater than
4.0 mg/1 in both spring and fall of 1979 and 1980. Skaha, Wood and
Osoyoos Lakes all exhibited silicon depletion with values less than
3.5 mg/1 and particularly low values in Skaha Lake (L 0,5 mg/1) in
spring 1980 and Wood Lake (0.4 'mg/1) in spring 1979, Siljcon
Tevels in Kalamalka Lakes were well above those of other mainstem
Jakes with values ranging from 7.6 to 9.5 mg/1.
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TABLE 8 RANGE OF CONDUCTIVITIES FOR LAKES OKANAGAN
(OK-1, OK-2, OK-3), SKAHA (S-1), 0S0Y00S (0-1),
WOOD (W-1) and KALAMALKA (K-1) in 1979 and 1980.

CONDUCTIVITY* (umhos/cm)

1979 1980
Station Spring Fall Spring Fall
OK-1 EP 263 264-265  263-264
HYP 263 264-265  266-270
0K-2 EP 264-266 264 262
HYP 264-266 264-265  265-268
0K-3 EP 264-265 264 263
. HYP 265-266 264  266-268
S-1 EP 262-263 268  272-277
0-1 EP 272-273 310 295-297
W-1 EP 328 320-325 346-347  326-329
HYP 328 335-338 348-349  360-362
K-1 EP 387 384-385 391-392 391
HYP 387 390-392 392 400-403

* Measured by Environmental Laboratory.
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TABLE 9  MEAN EPILIMNETIC Si0, CONCENTRATIONS (mg/1) at
OKANAGAN LAKES FOR SPRING AND FALL 1979 AND 1980.

1979 1980
Station Spring Fall Spring Fall
0K-1 4.8 - 4.5 4.3
0K-2 4.7 - 4.5 4.2
0K-3 4.8 - 4.5 4.2
S-1 2.0 - . <0.5 2.6
0-1 2.3 - 3.2 3.0
W1 0.4 - 2.8 1.1
K-1 9.4 . - 8.9 7.7
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3.3

3.3.1

Biological Limnology at Deep Stations

Phytoplankton Chlorophyll-a

Chlorophyll-a provides a measure of phytoplankton biomass. Comparison
of similar months from year to year is not as meaningful a comparison
as seasonal means. As seasonal values were not measured in 1979 and
1980, spring mean chlorophyll-a values will be considered for
comparison purposes. Mean weighted chlorophyll-a values are presented
for a vertical water column from surface to bottom of the photic zone.
A1l chlorophyll-a data for spring and fall 1979 and 1980 are presented
in Appendix III.

Okanagan Lake spring chlorophyll-a levels were characteristic of
oligotrophic conditions for the period 1976 to 1980. However, in spring,
1980, mean chlorophyll-a values at OK-1 and OK-2 approached mesotrophic
Tevels of 5.1 and 5.0 ug/1, respectively (Table 10).

Skaha Lake monitoring demonstrated a shift from mesotrophic bh10rophy1]—a
concentrations in 1976-1978 (2.0 to 4,0 ug/1) to eutrophic Tevels in

1979 (11.0 ug/71) and 1980 (19.6 ug/1, Table 10). This trend follows the
increased spring total P and decreasiné N:P ratios present in Skaha Lake.

Spring mean chlorophyll-a values for Osoyoos Lake show considerable
variability in the meso-eutrophic range (3.37 to 10.40 ug/1) remaining
below the seasonal mean of 19.59 ug/1 for 1971 (Table 10).

Chlorophyll-a values for Wood and Kalamalka Lakes are reported in

Table 10 for 1979 and 1980 only. Comparison of Waste Management Branch
chlorophyli-a data and data collected on the Okanagan Basin
Implementation Study is not possible due to differences in analytical
methods.

Average spring phytoplankton chlorophyll-a values at K-1 in Kalamalka

Lake of 2.88 wg/1 1n 1979 and 5,50 ﬁg/] in 1980 are similar to thosé
for Okanagan Lake in 1979 and 1980.
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TABLE 10  SPRING MEAN' PHYTOPLANKTON CHLOROPHYLL-A (ug/1) AND
PHEOPIGMENT (ng/1) LEVELS AT LAKES OKANAGAN (OK-1 to OK-3),
SKAHA (S-1), 0SOY00S (0-1), WOOD (W-1) AND KALAMALKA (K-T)
FOR YEARS 1971, 1977 to 1980.

CHLOROPHYLL-A +
CHLOROPHYLL-A PHEOPIGMENTS

STATION 1971 1977 1978 1979 1980 1976 1977 1978 1979 1980
0K-1 5.63% 2.56 2.51 2.43 4.95 2,15 2.13 3.05 3.08 5.60
k-2 3.78% 1.70 2.60 3.75 5.0 1.67 1.62 3.25 4.30 5.90
0K-3 4.01* 0.60 1.90 2.20 1.93 2.38 1.25 2.22 3.38 2.43
§-1 13.19% 2.0 4.0 10.75 17.55  3.46 3.76 5.80 12.73 19.75
0-1 .~ 19.59% 7.80 7.80 3.37 10.40 4.64 6.3 6.95 4.53 12.28
w1 - . - 730 878 - - - 1293 9.8
K-1 - - - 2.88 5.5 - - - 3.48 6.0

1 Mean of four epilimnetic sampling depths.

* 1971 seasonal mean values recalculated by Truscott and Kelso
- (1979) to show chl-a only.
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3.3.2

Spring mean chlorophy1l-a levels in Wood Lake of 7.30 ug/1 (1979) and
8.78 ug/1 (1980) were Tower than anticipated given the available
nutrients, Periodic blooms known to occur throughout the season may
not be fairly represented by the values obtained with only spring and
fall sampling dates.

Phytoplankton Identification, Volume and Density

Phytoplankton samples were collected in 1979 and 1980 but only 1979
samples were analyzed due to budgetary restraints. The 1980 samples

are stored for possible analysis at some later date. Summaries of the
results are provided in Tables 11 and 12 and Appendices IV and V of this
report. Complete results may be obtained from the Waste Management
Branch, Penticton, British Columbia.

- Analysis of spring algal samples collected from Okanagan Lake in April,

1979 (Diemert and Kelso, 1980) show a greater standing crop relative
to previous years (Appendix IV). An average volume of 3.10 cm3/m3 at
OK-1 was largely Lyngbya sp. followed by diatoms Synedra delicatissima,

Asterionella formosa, Stephanodiscus niagare. Lyngbya sp. Was also

dominate at OK-2 (4.57 cm3/m3) with lesser contributions by diatoms
S. niagare, S. delicatissima and Melosira italia. Blue-green filaments

also dominated OK-3 volumes with Lyngbya sp. and oscillatoria sp.
comprising approximately 80% of the average volume (5.78 cm3/m ).
Diatoms noted above at OK-2 were also present at OK-3 providing
approximately 20% of the total volume. Spring and fall density counts
(cells/m1) showed diatoms first in abundance followed closely by blue-
greens at all three Okanagan Lake stations. Summaries of phytoplankton
densities are provided in Tables 11 and 12 and Appendix V.

Autumn phytoplankton volumes at Okanagan lake stations in 1979 were
similar to those of 1978. In October, 1978, the average volume at
O0K-1 was 1.28 cm3/m3. ‘Anabaena sp. was dominant in both years. 0K-2
was very similar to OK-1 in respect to both volume and dominant
species. As in 1978 the filamentous blue-green Iyngbya sp. Was
dominant at OK-3 in fall, 1979. The 1979 fall data phytoplankton
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volumes and densities indicate that all three sites on Okanagan Lake
are maintaining their oligotrophic state.

Phytoplankton samples collected from Skaha Lake in spring and fall

1979 produced much greater volume and higher densities from sampies
collected for 1976 through 1978 (Appendix IV, Deimert and Kelso,

1979, and Appendix V). Complete dominance by blue greens, Oscillotoria

"§EL'and Lyngbya sp., in addition to anabaena sp. in the fall was
reminiscent of blue-green peaks of 91% in September, 1969. Algal
densities in spring, 1979, showed cyclotella glomerata as dominant with

lesser percentages of oscillatoria sp.and cryptomonad Chroomonas acuta

Tables 11 and 12). Although diatom dominance and a uniform mixture of
minor species in the spring would suggest a mesotrophic state, the

high volume of blue-green algal, both spring and fall, indicate an
eutrophic condition. Firm conclusions cannot be drawn without data for
the summer months.

The Osoyoos Lake 1979 spring phytoplankton data are similar to previous
years with blue-green Oscillatoria sp. and Lyngbya sp. comprising
approximately 50% of the dominants by volume (Appendix IV, Deimert and
Kelso, 1979). Dominants by density on the other hand, showed a good
mixture of 55% diatoms (Cyclotella sp., Asterionella Fformosa) and

Selenastrum sp., 30% cryptomonads {chroomonas acuta and Cryptomonas

borealis), 10% greens (chlamydomona sp.) and only 5% blue-green
(Appendix V). Although the fall density counts continued to show a
good species mixing of Lyngbya sp. followed by the diatom cyclotella
" Kutzingiana, the phytoplankton volume was dominated up to 90% by
blue-green species with the total volume doubling in fall, 1979, to
33.23 cm?’/m3 (Appendix 1V, Deimert and Kelso, 1979).

The 1979 fall volume indicates that Osoyoos Lake has the greatest
productivity as it falls into the eutrophic range. Skaha Lake is
s1ightly less productive and meso-eutrophic, and Okanagan Lake is
much less productive in the oligotrophic range.
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3.3.3

Wood Lake phytoplankton volumes and cell densities are well below
those of Skaha and Osoyoos Lakes (Appendix IV, Deimert and Kelso,
1979). The 1979 seasonal mean volume of 4.91 cm3/m3 was greatly
reduced from the 1976 value of 41.80 cm3/3. Cyclotella glomerata
and chroomones acuta were species count dominants in spring, 1979
(Appendix V) and in contrast with other lakes, diatoms cyclotella sp.
and stephenadiscus tenuis were also volume dominants. Fall samples

showed a mesotrophic mix of blue-greens Lyngbya sp., Anabaena sp. and

Microcystis sp. dominating over lesser dominant spcies of green,
cryptomonad and diatom algae (Appendix V).

Kalamalka Lake showed phytoplankton cell densities and volumes oh]y
marginally higher than those found in Okanagan Lake (Appendix IV,
Deimert and Kelso, 1979, and Appendix V). A varied assemblage of
phyla were represented in the 1ist of volume dominants in spring and
fall samples with Lyngbya sp. occupying the major portion. chroomonas
sp. and ryngbya sp. recorded the highest cell densities. Kalamalka
Lake would appear to fall between Okanagan and Wood Lakes as being in
a meso-oligotrophic condition.

ZoopTlankton Settled Vo]ﬂhe

Zooplankton settled volumes proyide an estimate of the zooplankton
standing crop or net secondary production. Settled volume determinations
carried out by Patalas and Salki (1973) and Truscott and Kelso (1979)
illustrate considerable variability in the timing of peak secondary
production and a general increase in secondary production downstream
through the Okanagan Lake system. Over 1971 to 1978 zooplankton

settled volumes decreased in Skaha Lake, increased in Okanagan Lake

and remained relatively unchanged for Osoyoos Lake.

A1l tows in 1979 and 1980 produced lower zooplankton settled volumes
than 1976 to 1978. Without additional seasonal informatjon the

results are inconclusive (Table 13). All settled volume data, including
sampling dates are provided in Appendix III.
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TABLE 13 ZOOPLANKTON SETTLED VOLUMES (mm3/cm2) FOR AUGUST, SEPTEMBER
AND OCTOBER, 1969, 1971, 1976-1980.

STATION 1969 1971 1976 1977 1978 1979 1980
OK-1 August - 11.5 19.6 - 23.83 - -
September 21.0 - 18.3 - - - 11.20
October - - - - - 8.41 -
0K-2 August - 11.5  21.1 - 33.20 - .-
September 8.9 - 20.5 - - - -
October - - - - - 7.97 -
0K-3 ‘ August - - 13.4 - 21.28 - -
September 17.0 - 13.9 - - 18.9 9.65
- October - - - - - - -
S-1 August - 24.1 13.7 16.9 16.7 - -
September 23.2 - 9.7 16.1 25.46 - 12.22
October - - - - - - -
0-1 August - 10.9 18.6 16.8 27.01 - -
September 25.9 - 6.7 15.5 20.98 - 17.72
October - - - - - 10.64 -
W-1 August - - - - - - -
September - - - - = - -
October - - - - - 3.82 18.59
K=1 August - - - - - - -
September - - - - - - -

October - - - - - 5.81 7.94
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3.3.4 Zooplankton Identification

Detailed seasonal investigations were made of zooplankton populations
in Okanagan Lakes by Patalas and Salki (1973) and Truscott and Kelso
(1979). Spring and fall sampling results for 1979 provide information
on general species composition but a rather incomplete picture of
seasonal standing crop fluctuations in the primary consumer groups.

A summary of the taxonomic identification is given in Table 14.
Complete sampling results are provided in Appendix VI. Taxonomic
samples collected in 1980 were not analyzed and are being stored by the
Waste Management Branch in Penticton.

Only three spring samples and one fall sample were available for
Okanagan lake in 1979 (Table 14), Although data are Timited the
percent composition was the same as in 1976-1978. The dominant species
remained as cCyclops bicuspidatus and Diaptomus ashlandi for Copepoda

(85%-97%), paphnia longiremus and Bosmina coregoni for Cladocera (<1%),
and Notholca accuminata and Kellicotia longispina as dominant Rotifers
(<1% - 4%).

Identification of spring and fall zooplankton samples for Skaha Lake
in 1979 demonstrated a composition similar to Okanagan Lake samples
(Table 14). Mysis relicta through its diurnal vertical migration

and evasive capabilities was collected in only one vertical haul in
spring, 1979. Fish and Wildlife sampling (unpubTished) using bottom
trauls has shown mysis relicta to be extremely abundant in Skaha Lake
and may represent the bulk of the zooplankton standing crop.

A decrease in total crustacean zooplankton in Skaha Lake, as suggested
by Truscott and Kelso (1979), cannot be substantiated without
seasonal data for 1979.

Composition of Osoyooos Lake zooplankton in spring and fall, 1979,
consisted of 90% - 92% Copepoda (p. ashlandi, C. bicuspidatus), Tless

than one percent Cladocera (camptocercus sp., D. longiremus) and Tless

than one to four percent Rotifera (F. longiseta, K. longispina).
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TABLE 14

ZOOPLANKTON PERCENT COMPOSITION, AVERAGE ABUNDANCE (Indiv./cmz)
AND DOMINANT GENERA AT OKANAGAN LAKES IN 1979.
MAJOR PERCENT ABUNDANCE
STATION TAXA COMPOSITION  (Indiv./cm2) DOMINANT SPECIES
0K=1 Apr. Cladocera 0.20 0.07 Daphnia longiremus
Copepoda 97.77 32.30 ; Cyclops bicuspidatus
Rotifera . 2.03 0.67 Notholca accuminata
0K-2 Apr. Cladocera 0.23 0.13 Bosmina coregoni
Copepoda 90.23 51.25 ; C. bicuspidatus
Rotifera 9.54 5.42 N. accuminata
Oct. Cladocera 5.47 0.65 D. longiremus; Sida crystalina
Copepoda 93.16 11.12 ; C. bicuspidatus; Diaptomus ashlandi
Rotifera 1.37 0.16 Kellicotia longispina
0K-3 Apr. Cladocera 0.18 0.07 B. coregoni
Copepoda 87.55 31.29 ; C. bicuspidatus
Rotifera 12.27 4.39 N. accuminata; K. longispina
S-1 Apr. Cladocera 0.79 0.16 D. longiremus
Copepoda 92.97 19,33 D. ashlandi; C. bicuspidatus
Rotifera 5.93 1.23 K. hiemalis; N. accuminata
Mysid 0.31 0.07 Mysis relicta
Oct. 2 Cladocera 4.00 0.43 B. coregoni
Copepoda 94.16 10.05 z ashlandi; C. bicuspidatus
Rotifera 1.84 0.20 K. longispina
0-1 Apr. Cladocera 1.51 0.78. Camptocercus sp.
: Copepoda 91.40 47.48 D. ashlandi; C. bicuspidatus
Rotifera 7.09 3.68 F. longiseta
Oct. 1 Cladocera 4,38 0.52 D. longiremus
Copepoda 91.73 10.80 D. ashlandi
Rotifera 3.89 0.01 Kellicotia longispina; K. quadrata
W-1 Apr. Cladocera 1.85 1.18 D. longiremus; Sida crystalina
Copepoda 96.51 . 61.32 D. ashlandi
Rotifera 1.64 1.05 X. longispina
Oct. Cladocera 12.48 0.73 D. longiremus; S. crystalina
Copepoda 85.84 5.01 D. ashlandi
Rotifera 1.68 0.10 Trichocerca similis
K-1 Apr, Cladocera 0 0
Copepoda 89.13 29.28 D. ashlandi; C. bicuspidatus
Rotifera 10.87 3.57 Keratella cochlearis; K. longispina
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Peak numbers of zooplankton were noted in fall, 1979, for Wood Lake
with Copepoda comprising 86%, Cladocera 12% and Rotifera approximately
2%. Spring and fall dominants were copepod Diaptomus ashlandi,

cladocera paphnia longiremus and sSida crystalina. Rotifers kellicotia

Jongispina and Trichocerca similis were spring and fall dominants

respectively.

Cladocerans were absent in the Kalamalka Lake spring sample, possibly
due to their preference of warmer waters (Wetzel, 1975). Copepoda
comprising approximately 90% of the spring zooplankton population were
represented by adults of species Diaptomus ashlandi and cCyclops

bicuspidatus. Approximately 10% of the population was comprised of a

varied assemblage of rotifers with Keratela cochlearis and Kellicotia

longispina as the dominant species.

-RESULTS AND DISCUSSION FOR SHALLOW STATIONS

Chemical Limnology for Shallow Stations

Phosphorus

Total phosphorus Tlevels in Vernon Arm (0K-S2) decreased dramatically
in August, 1977, when all wastewater was diverted from Vernon Creek
(Figure 2). Total P seasonal means were 42.0 and 50.0 ng/1 in 1976
and 1977, respect1ve1y (Truscott and Kelso 1979). Seasonal means df
13.6 and 14.5 pg/i total P for 1978 and 1979 demonstrate reduction in
phosphorus loading to Vernon Arm of Okanagan Lake (Table 5). Seasonal
means for total dissolved phosphorus were reduced from 29.0 ng/1

(1976) and 26.0 pg/} 1977 to 5 2y 5/1 in 1978 and 9.2 ug/1 in 1979.

) lecr ol ek (O e 2880 (00 ol
34°v\4/Q '
Seasonal phosphorus values at the shallow control station OK-S3,

located at Okanagan Centre, remained similar to those of deep Okanagan
Lake stations with total P values ranging from 7.0 to 9.0 ug/1 and
total dissolved P ranging from 4.0 to 5.0 pg/1 over the four-year
sampling period. Individual sampling dates and results are provided
in Appendix III.
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4.1.2 Ammonia Nitrogen

Ammonia levels at 0K-S2 in Vernon Arm exhibited a four-year trend
1976-1979) similar to the phosphorus data with noticably Tower values
in 1978 and 1979 (Figure 2). The seasonal mean ammonia level at
OK-52 in 1979 (6.4 ug/1) was slightly above that of 1978 (5.2 ug/1)
but well below 1976 and 1977 levels of 26.3 and 26.0 ug/1 prior to
complete sewage diversion (Table 5). Ammonia levels at control
station OK-S3 Tocated near Okanagan Centre were similar to levels
found at Okanagan Lake deep stations with seasonal means ranging from
2.7 to 7.4 ug/1 for 1976 through 1979.

4.1.3 Nitrate Nitrogen

Following complete sewage diversion from Vernon Arm (0K-S2) in August,
1977, nitrate nitrogen concentrations dropped to levels well below
those of the deep stations. Seasonal values for OK-S2 of 6.4 ug/1 in
1979 and 13.4 ug/1 in 1978 contrast sharply with 41.5 and 30.9 ng/1

in 1976 and 1977, respectively (Table 7). An increase in the seasonal
mean nitrate level at control station 0K-S3 to 7.5 ug/1 was well above
the range of 1.2 to 2.6 ﬂg/] for the previous three years and may
indicate Tocalized nutrient loading. A similar increase in nitrate
nitrogen occurred at adjacent deep station 0K-1 in ]977-through 1979
Table 6). - |

4,2 Biological Limnology for Shallow Stations

4.2.1 Phytoplankton Chlorophyll-a
Seasonal phytoplankton chlorophyll-a values at OK-S2 in Vernon Arm

decreased progressively from 4.97 pg/1 in 1976 and 4.16 ug/1 in 1977
to 2.50 ug/1 in 1978 and 1.59 ug/1 in 1979 (Tab}e 15). Reduced
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TABLE 15

SEASONAL MEANS FOR PHYTOPLANKTON AND PERIPHYTON®

CHLOROPHYLL-A AT SHALLOW STATIONS FROM 1976 THROUGH

1979
7 Chlorophyll-a
STATION
1976 1977 1978 1979
OK-S2 Phytoplankton (ug/1) 4.97 4.16 2.05 1.59
Periphyton (ug/cm?) - 1.87 0.58 0.15
0K-S3 Phytoplankton (ug/T1) 1.38 1,03 2.30 0.98
Periphyton (ug/cm?) - 0.05 0.07 0.02

1

Fourteen-day sampling periods
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phytoplankton closely matches the observed reduction in nutrient levels
following complete sewage diversion from Vernon Creek in August, 1977
(Figure 2). Similar trends in phytoplankton reduction, although less
dramatic, have been observed by the Waste Management Branch in the main
body of Vernon Arm for 1975 through 1980. Seasonal mean phytoplankton
chlorophyll-a levels at control station 0K-S3 varied little (0.98 to
2.30 ug/1) over the four-year period (1976 to 1979). A1l sampling
results for 1979 at OK-$2 and OK-S3 are shown in Appendix III.

Dense stands of Myriophyllum spicatum in Vernon Arm surround station
OK-S2. The Myriophyllum spicatum undoubtedly competes with phyto-
plankton for nutrients and sunlight. Wetzel (1975) reports that dense
stands of macrophytes reduce the value of phytoplankton chlorophyll-a
as a biological production indicator. Comparison of phytoplankton
chlorophyll-a levels at OK-S2 and the center of Vernon Arm show
relatively similar levels despite much higher nitrogen and phosphorus
levels at OK-S2. Depsite this limitation phytoplankton chlorophyll-a

may still serve as a general indicator of biological production
between shallow stations of similar character or, as in this case,
at one shallow station over a number of successive years.

4.2.2 Phytoplankton Identification and Volume

The seasonal mean phytoplankton volume decreased at O0K-S2 in Vernon
Arm of Okanagan Lake from 5.23 cno/m> in 1978 to 3.41 cm>/m° in 1979
(Table 16). Comparison of 1978 data with the limited data available
for 1977 also demonstrated a decrease in phytoplankton yolume. In
additioh to decreasing phytoplankton volume for years 1977 through
1979 a diverse species composition was apparent at OK-52 in 1979.
Blue-green algae Lyngbya sp. and Anabaena sp. Were dominants in May
and June, succeeded by Dinophyceae Gymnodinium sp. in early September,
chrysophyte Cryptomonas borealis in late September, and finally
shifting back to anabaena sp. in October, Shifts towards increased
species diversity and lower total volumes are signs of reduced
primary productivity probably in response to decreased nutrient levels
following complete sewage diversion in August, 1977.
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The Okanagan Centre station (OK-SB) produced a phytoplankton volume
peak of 20.47 cm3/m3 in July of 1979 (ryngbya sp.) well above the 1978
volume peak in June at 3.03 cm3/m3 (aphanizomenon sp.). Phytoplankton

volume increases in 1979 may in part be in response to slight increases
observed in spring total phosphorus and nitrate nitrogen.

4,2.3 Periphyton Chlorophyll-a

Because of their sessile nature, periphyton communities provide excellent
biological indicators of water quality. Ash-free dry weights in
conjunction with chlorophyll-a values were evaluated as an indicator of
primary biological production in littoral areas (0K-S2) experiencing
cultural eutrophication. Individual sampling results for each two-week
period are provided in Appendix III.

Truscott and Kelso (1979) reported a reduction in periphyton
chlorophy11-a from 1971 (8.5 ug/cm®) to 1977 (2.28 ug/cm’) despite
differences in experimental variation. Further decreases in mean
seasonal periphyton chlorophyll-a occurred in 1978 (0.58 ug/cmz) and
1979 (0.15 ug/cmz) probably in response to the reduced nutrient loading
to Vernon Arm (Table 15). Seasonal mean periphyton chlorophyll-a
levels at 0K-S3 were also lower in 1979 than the two previous years
(see Table 15) illustrating year to year variation.

4.2.4 Periphyton Identification and Volume

Vernon Arm shallow station (0K-S2) periphyton populations. were dominated
by diatoms in 1977 and 1978 but by green algae in 1976 and 1979 (Table 17).
Diatoms became prominent (90%) only once in 1979 on September 25th.

Major portions of the 1979 total volume consisted of filamentous greens

Oedogonium sp., Cladophora sp. and Spirogyra sp. (Deimert and Kelso,
1979),
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Okanagan Centre periphyton volumes peaked in May, 1979, with smaller
peaks in early July and late August. Diatoms (cymbella sp.)

composed over 90% of the population until mid-Jdune, 75% to 85% June
through August, and greater than 90% in the fall of 1979. As diatom
domination lessened in mid-Jdune, 5% to 16% of the population shifted

to blue-greens, Lyngbya and Anabaena sp. Blue-green algae contributed
26% in 1977 and only 4% in 1978 (Table 17).

39



ACKNOWLEDGEMENTS

[ express my appreciation to J. Bryan for untiring direction and assistance
in report preparation. I, also, wish to thank G. Huggins and technicians of
the Waste Management Branch, Penticton, for assistance in lake sample
collection in 1979 and 1980. B. Kelso, J. Truscott and G. Alexander were
instrumental in program design. Editorial comments were gratefully received
from R. Nordin, G. Alexander, R. Daley and C. Gray. The monitoring program
reported has been carried out by the Waste Management Branch under the terms
of the Okanagan Basin Implementation Agreement.

40



REFERENCES

Blanton, J.0. (1973). Some Comparisons in the Termal Structure of Lakes Wood,
Kalamalka, Okanagan, Skaha and Osoycos, British Columbia. J. Fish. Res. Board
Can. 30: 917-925. .

Canada-British Columbia Okanagaanasin Agreement (1974). "The Limnology of
the Major Okanagan Basin Lakes," Technical Supplement V to the Final Report,
published by Office of the Study Director, Box 458, Penticton, B. C., 1-161.

Diemert, D.D. and B.W. Kelso (1930). Algal Analysis of Okanagan Area Lakes in
1979. Okanagan Basin Implementation Board Progress Report, Penticton. 14 pp.

Dillon, P.J. and F.H. Rigler (1974). The Phosphorus - Chlorophyll Relationship
in Lakes. Limnology and Oceanography, Vol. 19, No. 5, 767-773.

Environmental Studies Board (1973). Water Quality Criteria 1972. Committee
on Water Quality Criteria. Environmental Protection Agency, Washington, D.C.
EPA-R3-73-033.

Fleming, W.M. and J.G. Stockner (1975). Predicting the Impacts of Phosphorus
Management Policies on the Eutrophication of Skaha Lake, British Columbia,
Canada. Verh. Internat. Verein Limnol. 19, 241-248.

Golterman, H.L. {1975). Physiological Limnology. Elsevier Scientific
Publishing Co., Amsterdam, Oxford, New York; 489 pp. :

Nordin, R. (1981). Trends in Skaha Lake Water Quality to 1981. Okanagan
Basin Implementation Program Report, Penticton, 1-20.

Patalas, K. and A. Salki (1973). Crustacean Plankton and the Eutrophication
of Lakes in the Okanagan Valley, B. C. J. Fish. Res. Board of Can.,
Vol. 30, 519-542, :

-Stejn, J.R. and T.L. Coulthard (1971). A Report on the Okanagan Water
Investigation. University of British Columbia, prepared for the Water
Investigations Branch, British Columbia Water Resources Services, Parliament
Buildings, Victoria, B. C., 176 pp.

Stockner, J.G. and T.G. Northcote (1974). Recent Limnological Studies of
Okanagan Basin Lakes and their Contribution to Comprehensive Water Resource
Planning. J. Fish. Res. Board of Canada, Vol. 31, No. 5, 955-975.

Truscott, S.J. and B.W. Kelso (1979). Trophic Changes in Lakes Okanagan,
Skaha and Osoyoos, B. C. Following Implementation of Tertiary Municipal Waste
Treatment. Okanagan Basin Implementation Board Progress Report, Penticton,
159 pp.

Vollerweider, R.A. (1968). The Scientific Basis of Lake and Stream
Eutrophication with Particular Reference to Phosphorus and Nitrogen as
Eutrophication Factors, Tech. Rep. OECD, Paris, DAS/CSI/68, 27, pp. 1-182.
Wetzel, R.G. (1975). Limnology. W.B. Saunders Company, Philadelphia,
London, Toronto.

M



e1AydosAuy) xx
-3s0] soldwes ‘g/6l ‘¥l isnbny pue | 3snbny 930N

wl - - 1070 (0°0> - | susaug enig
8 - - L0°0> 10°0> 20°0 ICEN]
9 - 2L €0°0 50°0 yL70 swojelq
S8 00l 88 {tL'0 = t0°0»)  %¥0'0 {gL0 ~ 10'0) S0°0 (£5°0 - 10°0) 9L°0 [e101
{8 Aed =6 "390) {Lte "Lnp - €2 *390) (v -Lnp - v2 "320) £S-%0
Lt L> oo 10°0 0°Q | susdJy anig
vt 92 62°0 10°0 97" 0 SICER)
xG6 26 £L . 9L'0 $2°0 52°1 swogelq
(00 L = 90°0) 2r'0 {(v0°L - 50°0) 92'0 (£0°£ - 8L0) 2Ll Lezo)
’ (gL "unp - gz Aey) (Lg “Lnp - g2 *bny) {gl "Lhe - 0oL "220) Z 2530
661 861 /161 661 8/61 L161 VXYL 4OCVW | NOILONAOYd | NOILVLS
WO A8 IN30¥3d (cUD/ W) VWIXYH ONV VRINIW 40 S3LvQ HLIM SIWNTOA TYNOSYIS NVIW NI NV
TYNOSYIS NV3IW
(661 *0STIN ANV LYIWIAG) 6461 ONY 8461 °LL61 - VIAHd NOLAHJI¥Id ¥OCWW e

40 JWNTOA AS NOILISOdWOD INAJ¥Id NVIW NV (gwo/ k) SIWNTOA TYNOSYIS NYIW

42



APPENDIX 1

Precipitation Record (mm) for the Okanagan Valley
1976, 1977, 1978, 1979

(Provided by Atmospheric Environment Service,
Penticton, B. C.)
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APPENDIX I PRECIPITATION (mm) FOR THE OKANAGAN VALLEY 1976, 1977, 1978, 1979
(PROVIDED BY ATMOSPHERIC ENVIRONMENT SERVICE, PENTICTON, B.C.)

YEAR AVERAGE APR.  MAY JUN.  JuL. AUG. SEP.  OCT.

VERNON (COLDSTREAM RANCH) 1976 51.8 25.1 55.9 76.2 45.0 121.7 11.2 27.9
1977 27.4 5.6 39.9 19.1 34.0 41.1 32.5 19.8
1978 37.9 8.1 62.7 34.0 31.2 24.5 . 62.7 25.7
1979 28.6 7.8 31.2 24.2 36.4 33.6 45.2 24.2
OYAMA 1976 45.7 20.1 55.9 40.6 30.5 136.1 10.7 26.2
1977 24.6 13.7 44.7 9.7 24.4  33.0 29.7 17.3
1978 38.0 35.6 47.4 43.2 19.6 42.2 91.4 25.6
| 1979 29.2 18.0 38.0 10.7 35.6 36.2 41.2 33.2
OKANAGAN CENTRE 1976 34.0 19.1 24.4 24,9 32.3 110.7 7.6 20.1
1977 20.3 1.4 25.7 14.2 28.2 31.0 23.6 8.6
1978 39.3 38.8 39.4 29.0 33.2 48.0 92.3 21.0
1979 25.3 19.0 28.8 9.0 32.3 44.0 ' 35.0 27.8
WINFIELD : 1976 37.8 19.6 32.5 32.3 28.2 125.2 5.6 22.1
1977 22.9 9.1 20,9 1.2 241  32.3 3.0 12.7
1978 27.8 8.1 37.2° 24.1 26.8 24.5 - 12.9
1979 21.1 2302 2.6 26.2 30.8 34.0 26.0
KELOWNA (AIRPORT) 1976 37.6 15.0 36.1 31.5 29.2 123.4 7.6 20.3
- 1977 19.6 12.5 45.5 13.0 22.6 17.5 19.8 6.1
1978 32.6 39.2 38.3 22.1 25.0 32.8 89.5 16.4
1979 19.8 8.0 27.1 6.7 25.6 40.8 26.9 21.6
PEACHLAND 1976 32.0 12.7 27.7 36.8 21.3 100.1 1.3 24.1
. 1977 17.0 8.9 32.5 17.5 15.8 9.4 30.7 5.3
1978 29.3 46.7 24.6 10.9 24.6 41.7 44.2 6.4
1979 25.2 1.0 21.4 10.1 29.2  47.3 230.6 37.4
SUMMERLAND 1976 u.8 15.5 25.4 40.4 48.8  80.0 18.0 15.5
1977 19.3 4.0 46.2 10,2 20.1 13.5 23.4 8.1
1978 30.2 57.7 34.8 20.6 20.3 40.6 36.7 6.4
1979 21.1 13.4 16,7 21.3 19.7 53.3 33.7 28.3
PENTICTON (AIRPORT) 1976 26.4 6.5 29.5 15.7 22.6 86.1 3.0 11.7
1977 24.6 15.2 61.0 9.4 19.8 30.5 34.0 2.8
1978 27.2 60.4 21.2 18.5 26.0 44.9 36.8. 2.3
1979 23.2 0.5 29.2 14.6 28.0 49.2 37.7 27.1
OKANAGAN FALLS 1976 24.1 26,9 33.3 18.8 4.8 72.4 1.3 12.2
1977 72.4 1.7 74.0 5.6 12.2 22.4 14.2 5.1
OLIVER 1978 20.5 442 19.1 8.4 7.4 442 251 2.4
1979 19.0 17.0 15.4 12.8 28.6 37.6 27.9 33.5
0S0Y00S 1976 22.9 5.6 34.3 27.9 5.1 747 3.3 9.7
1977 17.0 8.9 32.5 17.5 15.7 9.4 30.7 5.3
1978 247 - 44.2 15.5 19.6 17.0 45.0 30.3 Trac
1379 18.7 27.2 7.0 24.6 11.0 27.5 11.8 27.8
AREA SEASONAL MEAN 1976 34.7
1977 26.5
1978 20.8
1979 23.1
1980 Data not available.

44







APPENDIX II

Vertical Temperature (OC) and Dissolved Oxygen (mg/1)
Profiles for Okanagan Lake (OK-1) north of Okanagan
Centre and Okanagan Lake (OK-2) south of Kelowna,
1979-1980

Vertical Temperature (°c) and Dissolved Oxygen (mg/1)
Profiles for Okanagan Lake (OK-3) south of Squally Point,
1979-1980

. Vertical Temperature (°C) and Dissolved Oxygen (mg/1)
. Profiles for Osoyoos Lake (0-1) and Skaha Lake (S-1),
1979-1980

Vertical Temperature (°C) and Dissolved Oxygen (mg/1)
Profiles for Kalamalka Lake (K-1) and Wood Lake (W-1),
1979-1980
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APPENDIX III

Water Quality Data Summary - Okanagan Lake, N. Okanagan

~ Centre (OK-1) - 1979 and 1980

Water Quality Data Summary - Okanagan Lake South of
Kelowna Bridge (OK-2) - 1979 and 1980

Water Quality Data Summary - Okanagan Lake South of
Squally Point (0K-3) - 1979 and 1980

Water Quality Data Summary - Skaha Lake opposite Gillies
Creek (S-1) - 1979 and 1980

Water Quality Data Summary - Osoyoos Lake opposite
Monashee Cooperative (0-1) - 1979 and 1980

Water Quality Data Summary - Kalamalka Lake South of
Rattlesnake Point (K-1) - 7979 and 1980

Water Quality Data Summary - Wood Lake at Center (W-1) -
1979 and 1980

Water Quality Data Summary - Okanagan Shallow Station at
Vernon Arm (OK-S2) - 1979

Water Quality Data Summary - Okanagan Lake Shallow
Station at Okanagan Centre (0K-S3) ~ 1979

Field Observations at Okanagan Lake Shallow Stations -
1979 '
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J. FIELD OBSERVATIONS AT OKANAGAN LAKE SHALLOW STATIONS - 1979

VERNON ARM
SFC Temp. Secchi Water : Cloud
Date oC pH Depth (m) Surface Wind Cover Comments
79.04.10 4 NS Bottom Choppy North 5/10 :
79.04.23 6 NS Bottom Rippled West 0 Barrel vandalized and relocated
back to original position.
79.05.08 12.0 7.7 2.0 Choppy S. Mod. 5/10 Periphyton plates not Tocated.
79.05.22 12.5 7.8 2.8 Rippled Light Sunny
79.06.05 18.0 7.9 2.0 Calm Calm 5/10 Light rain.
79.06.19 17.0 8.3 2.0 Rough 8/10
79.07.03 19.0 8.6 4.7 Light Clear
79.07.17 21.0 8.9 2.5 Calm Calm Clear Sampler not located due to
’ aquatic macrophyte.
79.08.01 23.0 9.0 2.0 Wavy Mod. Clear Aquatic macrophyte dense;
sampler not located.
79.08.14 23.5 8.8 4.0 Light Chop Light 100% Sampler not located.
79.08.28 23.0 8.4 4.5 Calm Calm 0
79.09.71 20.0 8.8 7.9 S. & Light 3/10
79.09.25 18.5 8.6 8.2 S. & Light Clear
79.10.09 16.0 8.7 8.9 calm 0 Clear
OKANAGAN CENTRE
SFC Temp. Secchi Water Cloud
Date oC pH Depth (m) Surface Wind Cover Comments
179.08.10 4 NS Bottom Rippled South 9/10
79.04.23 4 NS Bottom Wavy NW 0/10
79.05.08 9.0 7.65 6.3 Calm Sunny
79.05.22 13.0 7.7 5.0 Calm Calm Sunny
79.06.05 13.0 8.1 5.3 Choppy S. Strong 5/10
79.06.19 15.0 8.2 5.5 CaTm Calm 5/10
79.07.03 17.0 8.5 8.0 Calm Light 9/10
79.07.17 21.5 8.7 7.0 Calm 0/10
79/08.01 23.5 8.8 8.0 Calm 0/10
79.08.14 21.5 8.4 10.0 Calm Calm 10/10
79.08.28 23.0 8.3 10.5 Calm Calm 0/10
79.09.17 20.0 8.9 10.5 Rippled S. Wind 5/10
79.09.25 19.5 8.8 12.0 Rippled N. Wind 2/10
79.10.09 16.0 8.8 13.0 Rippled N. Wind 3/10

60




APPENDIX IV

Standing Crop of Phytoplankton at Okanagan Lake Deeb Stations 1969,
1976 to 1979 (Counts = No. cells/ml; Volumes = cm®/m?®), Deimert and
~ Kelso, 1979. S

Standing Crop of Phytoplankton at Lakes Skaha and Osoyoos Deep
Stations 1969, 1971, 1976 to 1979 (Counts = No. cells/ml; Volumes =
cm®/m®), Deimert and Kelso, 1979.

Standing Crop of Phytoplankton at Lakes Wood and Kalamalka Deep
Stations 1976 and 1979 (Number = No./cells/ml; Volume = cm®/m?®),
Deimert and Kelso, 1979. o
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C. STANDING CROP OF PHYTOPLANKTON AT LAKES WOOD AND
KALAMALKA DEEP STATIONS 1976 AND 1979 (Number =
No. cells/ml; Volume = cm®/m®), DEIMERT AND KELSO, 1979.

1976 1979
_STATION NUMBER  VOLUME NUMBER  VOLUME
W-1 Apr. - - 6492 2.09
Jun. 2544 49,08 - -
Jul, 2981 74.92 - -
Aug. 2458 45.35 - -
Sep. 1538 28.71 - -
Oct. 872 10.96 1805 7.72
Mean 2019 41.80 4149 4.91
K=1 Apr. - - 1536 5.03
Jun. 4539 5.52 - -
Jul. 671 2.43 - -
Aug. 301 0.57 - -
Sep. 223 0.40 - -
Oct. 119 0.18 989 3.08
Mean 1171 1.82 1263 4.06

64



APPENDIX V

Phytoplankton Dominants Ranked by Average Density (Cells/m1)
for all Depths Sampled in Okanagan Lake in 1979

.Phytoplankton Dominants Ranked by Average Density for all
Depths Sampled in Skaha Lake (S-1) and Osoyoos Lake (0-1)
in 1979

Phytoplankton Dominants Ranked by Average Density (Cells/ml)
{or ?]I Depths Sampled in Wood Lake (W-1) and Kalamalka Lake
K-1
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APPENDIX VI

Zooplankton Taxonomic Identification and Counts per Haul

at Lakes Okanagan, Skaha, Osoyoos, Wood and Kalamalka in 1979
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APPENDIX VI

ZOOPLANKTON TAXONOMIC IDENTIFICATION AND COUNTS PER HAUL AT
LAKES OKANAGAN, SKAHA, 0SOY00S, WOOD AND KALAMALKA IN 1979.

STATION SPECIES NAME COUNTS PER SPLIT
0K-1 Apr. Haul: 1 2 3 4
44 M Haul Split: 1/128 1/128 1/64 1/64
Daphnia longiremus 1
Nauplii 590 47N 475 498
Copepodids 51 45 51 42
Diaptomus ashlandi 57 59 50 56
Eucyclops agilis 1
Ccyclops bicuspidatus 53 57 70 76
Kellicotia longispina 3 1 5
Keratella cochlearis 2 1
K. quadrata 1
K. hiemalis 1 1
Filina longiseta
Notholca accuminata 3 2 N 16
Male rotifers 2 1 1
0K-2 Apr. Haul: 1 2 3 4
44 M Haul Split: 1/128 1/128 1/128 1/128
Bosmina coregoni 1 1
Nauplii 395 629 595 482
Copepodids 92 80 97 73
Diaptomus ashlandi 57 60 51 55
Eucyclops agilis
cyclops bicuspidatus 102 148 96 127
kellicotia longispina 8 11 N 13
Keratella hiemalis 1 1 1
Notholca accuminata 56 55 54 37
Male rotifers 1 :
0K-2 Oct. 11 Haul: 1 2 4
44 M Haul Split: 1/64 1/32 1/32
Daphnia longiremus 1 19 21
Sida crystalina 5 2 4
Bosmina coregoni 3 2 4
Nauplii 164 322 425
Copepodids
Diaptomus ashlandi m 218 239
Epischura nevadensis 2 ' 7 4
Eucyclops agilis 4 7 4
Cyclops bicuspidatus 123 236 285
Kellicotia longispina 4 15 1
Keratella quadrata
Filina longiseta
Trichocerca similis
Male rotifers 3 2
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APPENDIX VI - Continued:

STATION SPECIES NAME COUNTS PER SPLIT
0K-3 Apr. Haul: 1 2 3 4
: 44 M Haul Split: 1/64 1/64 1/64 1/64
Bosmina coregoni 1 1
Nauplii 463 679 796 740
Copepodids 116 156 194 254
Diaptomus ashlandi 50 - 58 60 78
Eucyclops agilis 2 1
Cyclops bicuspidatus 113 171 157 202
Kellicotia longispina 4 1 9 1
Keratella hiemalis 5 8 4 2
Notholca accuminata 51 98 110 100
Male rotifers
S-1 Apr. Haul: 1 2 3 4
44 M Haul Split: 1/128 1/64 1/64 1/64
Daphnia longiremus 2 1
Sida crystalina
Nauplii 290 269 401 283
Copepodids 140 86 88 69
Diaptomus ashlandi 132 47 43 18
Eucyclops agilis 2 1
Cyclops bicuspidatus 81 59 40 24
Kellicotia longispina 7 5 6 9
Keratella cochlearis 7 12 9 13
K. hiemalis 12 9 12 16
Filina longiseta 1 ] 4 2
Notholca accuminata 12 6 14 8
Male rotifers 1 2
Mysis relicta
(from whole sample) 2
S-1 Oct. Haul: 1 2 3 4
44 M Haul Split: 1/32 1/32 1/16 1/64
Daphnia longiremus 1 1
Sida crystalina 3 6 1 9
Bosmina coregoni 2 5 4 7
Leptodora kindtii
Alona affinis
Nauplii 395 667 774 326
Copepodids 28 45 46 35
Diaptomus ashlandi 137 234 261 162
Epischura nevadensis 2 2 6 5
Eucyclops agilis 1 2
Cyclops bicuspidatus 52 94 98 23
Kellicotia longispina 1 6 3
Keratella cochlearis 1 1
K. guadrata 1
Filina longiseta
Trichocerca similis 1
Polyarthra sp.
Male rotifers 1 15 ] ]
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APPENDIX VI - Continued:

STATIUN SPECIES NAME COUNTS PER SPLIT
0-1 Apr. Haul: 1 2

44 M Haul Split: 1/128 1/128
Camptocercus sp. 3 3
Nauplii 3N 215
Copepodids 239 156
Diaptomus ashlandi 180 - 110
Cyclops bicuspidatus 140 73
Kellicotia longispina 1 10
Keratella cochlearis 3 3
Keratella quadrata 4 4
Filina longiseta 40 66
Notholca accuminata 6 4

- 0-1 Oct. Haul: 1 2 3 4

44 M Haul Split: 1/64 1/64 1/64 1/64
Daphnia longiremus 9 12 7 4
sida crystalina 2 1 3 2
Bosmina coregoni 2 3
Leptodora kindtii 1
Alona affinis 2
Nauplii 141 159 180 114
Copepodids 38 42 47 36
Diaptomus ashlandi 201 230 215 195
Epischura nevadensis 2 1 1
Eucyclops agilis 13 20 9 10 -
Cyclops bicuspidatus 70 47 62 48
Kellicotia longispina 6 4 12
Keratella cochlearis 2 2 3 3
K. quadrata 3 6 1 3
Filina longiseta 1 5 3 4
Trichocerca similis i 1 1
Polyarthra sp. 2
Male rotifers 1 2 4 1

W-1 A8r. Haul: 1 2 3

20 M Haul Split: 1/128 1/128 1/128
Daphnia longiremus 3 6 2
sida crystalina 2 4 2
Nauplii 567 716 447
Copepodids 84 124 67
Diaptomus ashlandi 75 g2 66
Eucyclops agilis
Cyclops bicuspidatus 38 27 18
Kellicotia longispina 8 2 8
Keratella cochlearis 4 2
K. hiemalis 1
Filina longiseta 1
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APPENDIX VI - Continued:

STATION SPECIES NAME COUNTS PER SPLIT
W-1 Oct. Haul: 1 2 3 3

20 M Haul Split: 1/16 1/32 1/32 1/32
Daphnia longiremus 20 12 17 18
Sida crystalina 10 7 9 17
Bosmina coregoni
Nauplii 164 215 271 232
Copepodids 25 23 20 50
Diaptomus ashlandi 179 164 153 368
Epischura nevadensis 1 1 1
Eucyclops agilis 1 1 1 1
Cyclops bicuspidatus 42 19 31 42
Kellicotia longispina 1
Xeratella quadrata 2
Filina longiseta 1
Trichocerca similis 1 1
Male rotifers 1

K-1 Apr. Haul: 1 2 3 4

44 M Haul Split: 1/128 17128 1/128 1/128
Nauplii 222 287 203 230
Copepodids 152 248 189 135
Diaptomus ashlandi 53 70 24 32
Eucyclops agilis 1
Cyclops bicuspidatus 9 41 22 5
Kellicotia longispina 2 18 1 17
Keratella cochlearis 25 55 20 41
X. quadrata 1 3
K. hiemalis 10 13 13 14
Filina longiseta 1 2
Notholca accuminata 2
Male rotifers 5 2
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