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EXECUTIVE SUMMARY

Okanagan Basin sockeye salmon are widely thought to have ranged upstream well
above their present limits, and studies now underway are designed to assess the
opportunities and risks of reintroducing them higher into the system. As a first step, a
planned reintroduction into Skaha Lake is being explored. Based upon two years of
intensive monitoring, physical and chemical features of Skaha L. appear to be as good
or better for both adult holding and juvenile rearing as those which are currently utilized
in Osoyoos L.

This is a final report of results presented by Wright and Lawrence (2003) along with
additional exploration and analysis of zooplankton, Mysis relicta, Oncorhynchus nerka -
M. relicta interactions, and diet analysis from the 2002 sampling season.

Data collected in 2002were used to examine the relationship between total dissolved
phosphorus and total fish biomass, which enabled estimates to be made of the rearing
capacity for sockeye salmon (O. nerka) smolts both 86 mm and 100 mm in length in two
Okanagan Valley lakes .For Skaha L., estimates of smolt production per hectare were
2,781 and 1,977 respectively, and for Osoyoos L., they were 2,981 and 2,119
respectively. Based on the total phosphorus to biomass relationship, the two lakes
appear similar in rearing potential. However, there are many other factors, both biotic
and abiotic, that affect these estimates.

Secchi disc depths corresponded well with the levels of productivity measured in both
lakes, where decreasing depths were found to be associated with increases in
phosphorus concentrations. In terms of temperature and dissolved oxygen limitations,
Skaha L. had the greatest amount of optimal habitat for juveniles. Osoyoos L. had
suitable habitat in the north basin, but it was limited there during the month of
September. When Skaha L. conditions were compared to current juvenile Okanagan
sockeye rearing conditions in the north basin of Osoyoos L., temperature and oxygen
limitations appeared unlikely to be an issue in Skaha. L. In addition, in terms of adult
holding habitat prior to spawning, Skaha L. had superior conditions to those in Osoyoos
L.

The total nitrogen to total phosphorus (TN:TP) ratio suggests that Skaha production was
phosphorus-limited and that the north basin of Osoyoos L. was phosphorus-limited from
April to September but may have been either nitrogen or phosphorus-limiting in October
and November. Chlorophyll a related well to the increase in total phosphorus from
Skaha L. to Osoyoos L. Because silica levels did not vary greatly in either Skaha or
Osoyoos lakes, it is not believed to be limiting for either lake.

Cyclopoids were most abundant in terms of both mean density and mean biomass in
Skaha L. over the April to November sampling period. Rotifers made up the highest
density in Osoyoos L., and Diaptomus was highest in terms of biomass. Mean sizes of
zooplankton were relatively similar in both lakes in terms of individual species, but when
all species were combined, there was a larger amount of zooplankton in the 0.5 to 0.9
mm length range in Skaha L.

The mean density of Mysis relicta was slightly higher in Osoyoos L. than in Skaha L.
However, mean biomass of Mysis was considerably higher in Skaha L. than in Osoyoos
L.
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Diel vertical migration monitoring and diet analysis suggests that O. nerka - M. relicta
interactions are appreciable and that mysids are a food source to O. mykiss, which
warrants further attention. The Mysis — O. nerka interactions varied in intensity
throughout the year and between lakes.

The kokanee escapement in Skaha L. in 2002 was greater than 86,000 fish - the most
observed since the early 1970's. Nevertheless, it is still low compared to numbers in
some historical records.

Because the physical and chemical features of Skaha L. appear to offer as good or
better holding and rearing conditions than Osoyoos L., optimism for the reintroduction is
warranted.

However, only two years of monitoring have been completed and there are still several
unanswered questions arising from the second year of lake rearing assessment that may
need answering to create a proper design for successful implementation and monitoring
of the experimental reintroduction project:

1. Why has the kokanee population in Skaha L. been smaller than historically
(except in 2002)?

2. What part, if any, has M. relicta played in the decline in Skaha L. kokanee
numbers?

What is the nature of O.nerka — M.relicta — zooplankton interactions in Skaha L.?

Would these interactions affect the success of any reintroduction of sockeye into
Skaha L.?

5. Would these interactions affect the success of the present kokanee population in
Skaha L.?

6. Since preliminary results suggest that Mysis relicta has increased in density in
Osoyoos L., how might this affect the future survival of the Okanagan sockeye?

It is recommended that the following information be gathered to increase our rearing and
limnological knowledge of the north basin of Osoyoos L. and Skaha L.:

1. Compare historical ‘predicted versus observed’ Skaha L. kokanee spawner numbers
and compare results with those obtained from the total phosphorus to fish biomass
relationship,

3. Continue monthly water quality sampling regime (physical and chemical) of Skaha L.
and the north basin of Osoyoos L.,

4. Conduct biweekly Mysis relicta and zooplankton sampling data from March to the
Cladoceran bloom (usually in June or July) and then conduct monthly sampling from
bloom to November using the 2002 sampling methodology,

5. Continue collection of kokanee information from Skaha L. and sockeye information
from Osoyoos L. to include juvenile abundance and growth rates of maturing fish.
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1.0 INTRODUCTION

One of the last two significant sockeye salmon populations of the Columbia River system
spawns in the Okanagan River in British Columbia (Fig. 1a). However, despite high
spawner returns in 2000 and 2001, their population has been declining to levels causing
concern (Hyatt & Rankin 1999). Although sockeye were once able to gain access to
habitat as far north as Okanagan Lake in the Okanagan Basin, they are presently only
able to access lake habitat in Osoyoos L. due to a series of dams along the mainstem
Okanagan River, which block access to Okanagan, Skaha, and Vaseux lakes. A long-
term restoration goal is to reintroduce sockeye into Okanagan Lake in order to increase
lake habitat for adult holding and juvenile rearing. It has been proposed to first
reintroduce sockeye into Skaha Lake. With funding from the Columbia Basin Fish and
Wildlife Program of the Bonneville Power Administration, the Okanagan Nation Alliance
Fisheries Department (ONAFD) and Colville Confederated Tribes (CCT) are currently
evaluating the Skaha introduction proposal. One concern is that adult holding and
juvenile rearing conditions in Skaha Lake may be limiting factors to the success of the
reintroduction. This is a final report containing results from Wright and Lawrence (2003)
as well as additional analyses of zooplankton-Mysis relicta interactions, O. nerka-M.
relicta interactions, and diet analysis of O. nerka collected during the 2002 sampling
season.

In addition to this present project, seasonal in-lake abundance estimates of juvenile
sockeye and kokanee (. nerka), zooplankton, and M. relicta’ in Osoyoos and Skaha
lakes have been completed since May of 1999 by ONAFD and Fisheries and Oceans
Canada (Rankin 2002, Research Biologist, personal communication). However, work on
seasonal distribution of juvenile O. nerka and their potential interactions with M. relicta
have been limited, and biosampling of Skaha Lake kokanee has also been limited
(Wright 2002).

Mysis relicta and O. nerka both occupy the pelagic area of the lake system during
specific times of their life history. In addition, both undergo diel vertical migrations (Levy
1991). In Okanagan L. (immediately upstream of Skaha L.), M. relicta were found to
remain at depths of 90-150 m during the day and migrate up to the thermocline during
the night (Levy 1991). O. nerka were also found to undergo a similar migration, however
slightly different by not migrating to depths as deep as M. relicta and also varying
depending on age class of kokanee. Levy (1991) also found that O. nerka and M. relicta
were segregated spatially during much of their diel vertical migration cycle in Okanagan
L.; thus, access to M. relicta as a potential food source was limited. However,
Okanagan L. has a mean depth of 75.3 m while Skaha and Osoyoos lakes are much
shallower: 26.5 m and 20.7 m respectively (Pinsent et al. 1974b). Because M. relicta will
not be able to migrate to depths as observed in Okanagan L., it is hypothesized that M.
relicta may offer a greater potential as a food source for O. nerka in these lakes. What is
not known is how long the two species interact on a daily basis, and when they do
interact, whether they are a competitor or a source of prey for O. nerka.

! For this report M. relicta and mysid(s), common name, will be used interchangeably
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The objectives of this report are to:

Assess adult holding® habitat,

Calculate the juvenile rearing capacity of Skaha and Osoyoos lakes
Describe the pelagic interactions between O. nerka and M. relicta,
Compile historical information on Skaha L.

Summarize the physical and chemical limnology, zooplankton abundances, and
Mysis relicta abundances of Skaha and Osoyoos lakes

6. Analyze the diet of Skaha L. kokanee.

a bk wne

2.0 METHODOLOGY
2.1 Background Data Compilation

Limnological and other pertinent Skaha L. data were reviewed to find information gaps
and determine what would be useful when comparing past lake productivity with that
measured in a postintroduction period should reintroduction occur. In addition to the
ONAFD library archives, information sources included: MoWLAP, Okanagan Basin
limnological studies by various authors under the Canada-British Columbia Okanagan
Basin Agreement, Summerland Hatchery documents, water quality measurements from
a number of separate sources, a collection of documents from Fisheries and Oceans
Canada (DFO), and a 1949 thesis by a student at the University of British Columbia
(UBC).

2.2 Field Sampling

Selection of sample stations was based on recommendations from Wright (2002) and
from the year-end review meeting for the project. A summary of sample areas for
Osoyoos L. (Fig. 1b) and Skaha L. (Fig. 1c). Key recommendations for this report from
the year-two review meeting are:

Discontinue assessments of the south and central basins of Osoyoos L. and
Vaseux L., because temperature and oxygen extremes suggest they have very
little rearing potential,

Have two sites for each of Skaha and Osoyoos lakes for comparison purposes,

Increase frequency of zooplankton and Mysis relicta sampling to biweekly
intervals,

Increase frequency of temperature and dissolved oxygen sampling to biweekly
intervals throughout the field season and to weekly intervals from late August to
late October.

2 Adult holding is defined as the period of time that adult sockeye spend in a lake or river between
migration from the marine life history phase and prior to spawning. In this case, Osoyoos L. is the
only available adult holding habitat in Canada with the potential for Skaha L.
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Table 1 lists sampling stations. Sample location ID’s were kept consistent with sample
stations from the previous year for comparability. Physical limnology, water chemistry,
phytoplankton (not analyzed), zooplankton, and Mysis relicta were sampled at all sites.
Physical limnology and water chemistry methodology was based an Okanagan Lake
Action Plan methodology for comparability and consistency (Andrusak et al. 2000).
Zooplankton and Mysis relicta sampling was based on methodology as described in
Rankin et al. (2000).

Table 1. Summary of sampling stations

Lake Site ID | Site No. | Site Name Depth (m)
Skaha 0500615 2 Skaha opposite Gillies Creek 53
Skaha 0500846 3 Skaha South Basin 37
Osoyoos 0500249 1 Osoyoos North Basin 37
Osoyoos 0500728 2 Osoyoos opposite Monashee Co-op | 60

2.3 Rearing Capacity

For comparability and discussion of 2001 and 2002 data, the rearing capacities of Skaha
and Osoyoos lakes were calculated using the relationship between total phosphorus and
total fish biomass (Downing et al. 1990; Hanson & Leggett 1982; Stockner 1987). This
relationship is based on many years of data from northern temperate lakes and has also
been used by Hyatt and Rankin (1999) to calculate the rearing capacity of Osoyoos L..
Total phosphorus concentrations and juvenile O. nerka biomass were used to develop a
regression equation for predicting total fish biomass for lakes where total phosphorus
concentrations are measured. It has worked well in other British Columbia lakes,
including Osoyoos L., and it also takes into account seasonal variability in environmental
factors (Hyatt & Rankin 1999).

2.4 Physical Limnology and Water Chemistry
2.4.1 Physical Limnology

Temperature (C) and dissolved oxygen profiles (mg/L) were taken at least bimonthly in
both lakes from April to August and weekly from September to early October. In
addition, profiles were taken opportunistically when the field crew was out in the field.

At each sample site, temperature and dissolved oxygen profiles were taken from the
surface down to 20 m in 2 m intervals and every 4 m thereafter to the bottom using a
calibrated YSI model 52 dissolved oxygen meter, with measurements taken to the
nearest 0.1 mg/L. Secchi disk depth was also measured. A zone of tolerance was
delineated for each lake, based upon water temperature (>17 °C), and dissolved oxygen
(<4 mg/L), tolerances of O. nerka. The zones of tolerance are approximately the amount
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of vertical habitat available in the hypolimnion (Rankin 2002, Research Biologist,
personal communication).

2.4.2 Water Chemistry

Water chemistry was measured monthly from April to November during daylight with
three samples taken from each lake site. The samples from 1-:10 m depths were
integrated; in addition, discrete samples of a volume equal to one third of a sample bottle
were also taken at 1 m, 5 m, and 10 m depths. Additional discrete samples were taken
at 20 m, as was a deep sample (32 m and 45 m at Sites 1 and 2 respectively in Osoyoos
L. and 36 m and 45 m at Sites 2 and 3 respectively in Skaha L.). Plastic 1 L bottles were
rinsed three times prior to inserting samples. Separate bottles for total phosphorus at
each depth, site, and lake and were taken to the field lab where H,SO, was added.

Phytoplankton was collected at each site by an additional integrated sample, which was
placed in a clear 250 ml glass jar and preserved with Lugol's iodine solution. The
phytoplankton samples are in ONAFD storage in case it is later determined that
phytoplankton analysis is required.

An additional integrated (0-10 m) sample was taken and put in brown plastic 1 L bottles
for chlorophyll a analysis. The samples were filtered and preserved with 2 drops of
MgCOs then frozen and shipped on ice in sealed plastic bags with a small amount of
silica gel to the PSC Analytical Services laboratory in North Vancouver along with the
water samples.

2.5 Macrozooplankton

Macrozooplankton sampling was conducted at biweekly intervals between April and
November. Sampling was conducted at night using a plankton net (terminal mesh size
of 105 microns). Flow measurements were also taken to determine net efficiency.
Samples were put in 250 ml glass jars, preserved in 4 % formalin, and shipped to the
Pacific Biological Station (PBS) in Nanaimo, BC where they were picked up by AMC lab
for analysis.

Sprules et al. (1981) provide a summary of the methodology used to analyze
zooplankton and Mysis relicta samples. The samples were initially stained with
methylene blue for contrast purposes (visibility) when measuring. The formalin solution
was then decanted from the sample jar and poured into a Folsom splitter and split as
required. Once the split number was determined, it was poured into a round-bottomed
graduated flask, and the water level was raised to 300 ml. Using an automatic pipette,
subsamples of 3 ml and its multiples were taken and placed in a plankton wheel for
identifying, enumerating, and measuring. Both a regular count and rare scan were
conducted.

The samples were processed using an IBM computer-based caliper measuring system
and dissecting scope. A program called Zebra2 was used to generate a bench
(summary) sheet and save individual measurements and counts to a file. Zooplankton
were identified to the genus level whenever possible.
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2.6 Mysis relicta

Mysis relicta sampling was also conducted biweekly between April and November.
Sampling was conducted at night using a Mysis relicta net (terminal mesh size of 300
microns). Samples were preserved in 4 % formalin in 250 ml glass jars. Samples were
forwarded and processed much as described in the macrozooplankton abundance
methodology.

2.7 O. nerka/M. relicta Interactions Monitoring

For 2002, the ONAFD conducted monthly diel vertical migration monitoring by acoustic
methods (described below) in both lakes, and gill netting in Skaha Lake to increase our
knowledge of the interactions between O. nerka, Mysis relicta and zooplankton.

2.7.1 Diel Vertical Migration Monitoring

Diel acoustic trawl surveys (ATS) were conducted in both lakes to assess potential
interactions between mysids and O. nerka. To determine the extent to which mysids
and sockeye were interacting in each lake for 2002, monthly diel surveys were
conducted over a 24 hour period from April to November, using a Biosonics model 115
portable chart recorder provided by DFO. A DFO survey transect was used from the
deepest basin of Skaha L. (noted as Gillies Point transect, Fig. 1b) and the north basin
of Osoyoos L. (noted as Monashee Coop transect, Fig. 1c) due to their proximity to
mysid and zooplankton sample site designations. Settings were set constant at a:

Frequency of 420 KHz,
threshold of 0.06 Volts,
range of 80 m, gain 12,
pulse width of 0.4 m, and
paper speed of 3.

Surveys were conducted near the end of each month with at least 5 transects in each 24
hour period in each lake. There were: a day survey, a before and after sunset survey, a
night survey, and a before and after sunrise survey. Survey boat speed was
approximately 1 m/s, and at the middle of the survey, the boat was stopped for a
stationary survey for 5 minutes. This was used to help distinguish between O. nerka and
plankton (ie. mysids) as O. nerka will be held in the sound beam longer and hit with
multiple sound pulses, thereby producing an elongated target signature on the
echograms (Hyatt 2003, Research Scientist, personal communication). In addition, the
monthly 24-hour surveys were conducted simultaneously when DFO did their ATS
surveys in April, August, and October. DFO uses a Simrad recorder (EYM 20069),
which uses a frequency that does not ‘pick up’ the Mysis relicta like the Biosonics Model
115 recorder. The DFO surveys were used as a quality check for distinguishing mysids
and O. nerka in study lakes (Rankin 2002, Research Biologist, personal communication).

Okanagan Nation Alliance Fisheries Department 5 FINAL Report
Objective 3 — Rearing Assessment January 2004



Unfortunately, there was difficulty with the Biosonics recorder for October and
November, so surveys were not conducted.

2.7.2 O. nerka Diet Analysis

In addition to the acoustic surveys, monthly trawl surveys and gillnetting sessions were
carried out for juvenile O. nerka in Skaha and Osoyoos lakes. Trawls were conducted
with a 1x2 m net at varying depths depending on acoustic results and temperature and
dissolved oxygen conditions. The sinking gillnets in Skaha L. were set at either 4 m off
the bottom of the lake or where the 10-12 °C water occurred in the vertical lake profile,
as identified by temperature-dissolved oxygen readings immediately north and south of
the west end of the transect site for Skaha L. (Fig. 1c). Five to six gillnets (8 depth by
50’ length) were used for each gang ranging in mesh size from 1 5.5 ". For Osoyoos
L., gillnets were set either within the vicinity of the inlet of Osoyoos L. or immediately
north and/or south of the west end of the Osoyoos L. transect site (Fig. 1b). Gillnets
were set prior to dusk and picked the next morning.

Trawled and gillnetted kokanee samples were sent to the Pacific Biological Station in
Nanaimo for diet analysis by Zootec Services Ltd. Trawled samples from the DFO
February surveys in both lakes for O+ fish were also analyzed. Due to budget
constraints, stomach samples were only sampled for presence/absence of M. relicta and
identification of major food items by sample date. Stomachs were removed and weighed
both with and without stomach contents. In addition, samples were stored for later
analysis.
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3.0 RESULTS

3.1 Background Data Compilation

The compilation of data available for Skaha L. provided the following information:

1.

Ferguson (1949) — This UBC graduate thesis outlines fish interrelations and
production of Kamloops trout, settled volumes and genera of zooplankton,
and fish species and abundance information gathered from various methods
including gillnetting, seining, dynamiting, and angling. This thesis also
provides information pertaining to the growth of kokanee by age and the age
structure of the kokanee population. Copies are stored at the UBC
Department of Zoology and at ONAFD.

Canada-British Columbia Okanagan Basin Agreement - This Okanagan
Basin study includes information on both fisheries and limnology of the lakes
within the Okanagan Basin. Specifically, the use of fish as indicators of water
guality as compared to Ferguson (1949) is applied. In addition, adult
kokanee enumerations, zooplankton abundance and composition, and water
chemistry parameters are examined in the report. For further information,
see Northcote et al. (1972) and Pinsent et al. (1974a; 1974b). Lastly, several
published documents related to Skaha L. are available (Fleming & Stockner
1975; Stockner & Northcote 1974).

Summerland Egg Take 1972-1975 — The information at the Summerland

hatchery in the 1970’s provides estimates of adult kokanee numbers during
this time period. Information can be obtained from the Summerland Hatchery
files (contact Mark Siemens) or a copy is at ONAFD.

Canada-British Columbia Okanagan Basin Implementation Agreement —
This agreement consists of several limnological reports to evaluate the
success of implementation of the agreement (Jensen 1981; Nordin 1982;
Truscott & Kelso 1979). Copies are located at the ONAFD office.

Ministry of Water, Land and Air Protection (WLAP) reports to file (1980-
present)- Lake limnological information (water chemistry and zooplankton)
are provided from this large number of sources. Files at MOWLAP Penticton
office (contact Vic Jensen).

Eric Parkinson (WLAP - University of British Columbia) — Information
provided by Parkinson includes work in the 1980’s with Skaha Hatchery,
including trawl survey data, temperature-dissolved oxygen profiles of Skaha
L., and acoustic trawl survey estimates. Files are now at ONAFD (contact
Howie Wright).

MoWLAP — Adult kokanee enumerations from 1989 to present were made
available to the ONAFD by MoWLAP. Raw data is still with MoWLAP
(contact Steve Matthews).
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8. Fisheries and Oceans Canada — Acoustic trawl survey data from 1999 to
present are available from Fisheries and Oceans Canada (Contact Paul
Rankin).

9. Okanagan Nation Alliance Fisheries Department — Information gathered
for the assessment of O. nerka juvenile rearing potential in Skaha and
Osoyoos lakes was gathered in 2001 and 2002 (contact Howie Wright,
ONAFD).

10. MOWLAP regional library references- The MOWLAP Penticton library was
searched for documents (mostly unpublished literature) relevant to Skaha L.
A list of relevant references can be found in Appendix A.

3.2 Juvenile Rearing Capacity

Lake rearing capacities for 2001 and 2002 as determined from the described sampling
procedures are given in Table 2. Factors influencing these data are discussed later.
Fig. 2 shows the relationship between total phosphorus and fish biomass used to
estimate total fish biomass per hectare for each lake. Fig. 3 shows the length-weight
regression used to estimate the number of smolts per hectare for each lake. Sockeye
smolt lengths of 86 mm and 100 mm were used for the calculations so as to be
consistent and comparable with Hyatt and Rankin’s (1999) rearing estimate of Osoyoos
L. With this relationship, juvenile sockeye smolt lengths of 86 mm and 100 mm would
have mean weights of 6.79 g and 9.55 g respectively. The average total phosphorus
was measured from April to November 2002. All measurements per site were summed
and divided by their totals. For example, Skaha L. had two sites with a total of 48
samples (approximately 24 for each site). The sum of all the total phosphorus readings
was 384 ng/L. Therefore, the seasonal average for Skaha L. was about 8 ng/L. Using
the Fig. 2 regression equation, a fish biomass of 15.88 kg/ha was determined. This
15.88 kg/ha of total fish biomass was divided by the mean weight of 86 mm and 100 mm
sockeye smolts to calculate the number of smolts per hectare. The number of smolts
per hectare for 86 mm and 100 mm are 2,339 and 1,663 respectively.

Table 2. Summary of Predicted Juvenile O. nerka Rearing Capacities for Skaha Lake
and Osoyoos Lake, 2001 and 2002

Year Lake Lake No. of TP Fish No. of No. of
Area Sites | (mg/L) | Biomass 86mm 100mm
(ha) (kg/ha) smolts smolts/ha
/ha (9.5509)
(6.799)
2001 | Skaha 2,010 3 12.0 18.88 2,781 1,977
2002 | Skaha 2,010 2 8.00 15.88 2,339 1,663
2001 | Osoyoos** 1,505 3 14.2 20.24 2,981 2,119
2002 | Osoyoos**| 1,505 2 14.75 20.54 3,025 2,151

**Canadian Portion only for lake area

For Osoyoos Lake calculations, the lower depth measurements were omitted because of
the anoxic conditions that cause an irregular increase in total phosphorus in the
hypolimnion (Johannes 2002, personal communication). For example, the epilimnion
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reading (0-10 m) for Osoyoos L. in September was 0.008 mg/L at both sites, yet the
deep sample was 0.026 mg/L (Fig. 10d and f). This would have resulted in a larger fish
biomass estimate for the lakes than would accurately be represented by environmental
conditions.

The Osoyoos L. mean total phosphorus measurement for 2002 is slightly lower than that
used by Hyatt and Rankin (1999) for their calculation of a total phosphorus concentration
of 22 ng/L. However, there are other abiotic and biotic factors that affect this
relationship.

3.3 Physical Limnology and Water Chemistry

3.3.1 Physical Limnology

Skaha Lake

Skaha L. secchi depth measurements at the two sites averaged 4.8 m (Fig. 4a). A
maximum depth of 6.6 m at Site 2 in September and a minimum depth of 3.9 m at Site 3
in July were recorded.

A maximum surface temperature of 22.7 °C occurred at both Skaha L. sites during July
(Figs. 5s and u).

Skaha L. began to stratify in early June when the epilimnion boundary was at about 10
m (Figs. 51 and m) and remained stratified until late October. The epilimnion layer at
Sites 2 and 3 settled to a maximum depth of 14 m and 18 m respectively (Figs. 5bb and
mm).

Dissolved oxygen levels in Skaha L. ranged from 5.6 -16.26 mg/L at Site 2 and from
6.72-16.4 mg/L at Site 3. Summer profiles were slightly clinograde, suggesting waters of
moderate productivity (Horne & Goldman 1994). Dissolved oxygen measurements were
recorded to the lake bottom and demonstrated little, if any, anoxic conditions in Skaha L.

Osoyoos Lake

Osoyoos L. secchi depth measurements averaged 3.5 m at the two sites (Fig. 4b). The
maximum depth recorded was 4.4 m, and the minimum was 2.6 m (Fig. 4b). Maximum
surface temperatures occurred in August and were 23.7 °C for Sites 1 and 2 (Figs. 6uu
and 6wv).

The lake began to stratify at both sites in late May (Figs. 6e and f) and remained
stratified until early November (Figs. 6yy and 6zz) when isothermal conditions
reappeared and the epilimnion layer at Sites 1 and 2 settled to a maximum 18 m.

Dissolved oxygen levels in Osoyoos L. ranged from <4 mg/L (the minimum dissolved
oxygen tolerance for survival of O. nerka) to 16.56 mg/L at Sites 1 and 2 (Fig. 6a-bbb).
Summer profiles were slightly clinograde suggesting waters of moderate productivity
(Horne & Goldman 1994).
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Zone of Tolerance

Fig. 7a-d show the zone of tolerance for all sites at both lakes, based on maximum
temperature (17 °C) and minimum dissolved oxygen (4 mg/L) tolerances for juvenile O.
nerka. No suitable vertical habitat is predicted if the temperature tolerance line and
dissolved oxygen tolerance line meet or cross. The area in the space between the two
lines in the figures is hypothesized to be an approximation of the optimal vertical habitat
available for juvenile sockeye in the pelagic zone (Rankin 2002, Research Biologist,
personal communication). In addition, this zone of tolerance can also be considered to
approximate the conditions required for adult sockeye holding in a lake until river
spawning temperatures are optimal (about 15 °C).

Skaha L. Sites 2 and 3 had conditions suitable for juvenile O. nerka throughout the
monitoring period. One observation of dissolved oxygen constraint occurred during the
month of September, at Site 2 when a maximum of 30 m of optimal habitat was available
over a maximum of 14 days based on sampling frequency (Fig. 7a). The layer posing a
vertical temperature constraint of 17 °C lasted at least from June 19 to September 26
and reached a maximum depth of 14 m, again based on sampling frequency. Site 3 in
the south basin had no dissolved oxygen constraints during the monitoring period, but a
vertical temperature constraint of 17 °C lasted from June 12 to September 30 and
reached a maximum depth of 18 m.

In Osoyoos L., September was the most critical month at Site 1 where it is estimated that
20 vertical meters of optimal hypolimnion habitat was available and lasted at most from
September 6 to 19 (Fig. 7c). At Site 2, only about two vertical meters of habitat were
available from September to the beginning of October. This condition lasted a maximum
period of 3 weeks, from September 13 to October 2 (Fig. 7d). This was also seen in
2001, where September was observed to be the most critical month in terms of amount
of optimal rearing habitat (Wright 2002). This ‘squeeze’ of optimal habitat is not new but
was poorly documented in previous years, and with the long-term outlook o warmer
conditions due to climate change, it could potentially become more severe (Rankin 2002,
Research Biologist, personal communication).

During 2002 (as in 2001), Skaha L. had more optimal habitat for sockeye adults holding
and juveniles rearing than did Osoyoos L., in terms of temperature and oxygen limits.
Based upon previous sampling, Osoyoos L. is assumed to have suitable habitat in the
north basin only, and this area becomes vertically constrained for both holding adult and
rearing juvenile sockeye. In comparing Skaha L. conditions with those of the north basin
of Osoyoos L., it appears that temperature and oxygen are unlikely to be an issue in
Skaha L., and this may translate into increased survival for adult sockeye holding in the
lake until spawning time.

3.3.2 Water Chemistry
Skaha Lake

Total nitrogen levels averaged 0.20 mg/L from April to November at the two sites and
ranged from 0.07 — 0.34 mg/L (Fig. 8a - c). Dissolved nitrogen (nitrate-nitrogen) levels
averaged 0.003 mg/L from April to November monthly sampling for the 0-10 m
integrated sample (Fig. 9a - c). There were no differences in the nitrate-nitrogen
concentrations at the two sample depths at Site 2 of Skaha L. (Fig. 9a - ¢). However, in
Site 3, the dissolved nitrogen levels were greater (average 0.011 mg/L) at the 36 m
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sample depth (Fig. 9c). The difference may be due to photosynthetic biological uptake
with limited mixing between the epilimnion and the hypolimnion, resulting in limited
replenishment of nutrients from the hypolimnion into the epilimnion.

Total phosphorus levels averaged 0.008 mg/L for the April to November monthly
samples for all three sites and depths (Fig. 10a- c). The 20 m and deep section total
phosphorus samples (36 m and 45 m) did not differ greatly from those of the epilimnion
(Fig. 10a-c), nor did those for total dissolved phosphorus in the same period and depths
(Fig. 11a-c).

Osoyoos Lake

Total nitrogen levels averaged 0.23 mg/L from the April to November monthly samples at
the two sites and ranged from 0.13 — 0.38 mg/L (Fig. 8d - f). Dissolved nitrogen (nitrate-
nitrogen) levels averaged 0.005 mg/L for the April to November monthly samples in the
0-10 m integrated sample (Fig. 9d). Both sites showed a difference between the 0-10 m
integrated sample and those from discrete sample depths (20 m, 32 m-Site 1, and 45 m-
Site 2, Fig. 9d - f). In addition, there was a large difference at both sites between the 20
m discrete sample depth and the 32 m-Site 1 and 45 m-Site 2 (Fig. 9e and f). As in the
case of Skaha L., the differences may be due to photosynthetic biological uptake with
limited mixing between the epilimnion and the hypolimnion thus resulting in limited
replenishment of nutrients from the hypolimnion into the epilimnion.

Total phosphorus levels averaged 0.014 mg/L from April to November for all three sites
and depths (Fig. 10d- f), and the 20 m and deep sections (32 m-Site 1 and 45 m-Site 2)
samples did not differ appreciably from those of the epilimnion. The same was true of
total dissolved phosphorous.

Nitrogen:Phosphorus Ratios

In most lakes, there is a direct relationship between concentrations of the limiting
nutrient and phytoplankton (Horne & Goldman 1994). Phosphorus is usually the limiting
nutrient as most living matter requires a total phosphorus to total nitrogen (TN:TP) ratio
of about 16:1 (Horne & Goldman 1994). This can be further refined to: TN:TP>15,
phosphorus limiting, TN:TP<10, nitrogen limiting, TN:TP between 10 and 15, can be
either, neither or both limiting (Andrusak et al. 2001; Wetzel 1983).

A measure of the nutrients available to phytoplankton in the epilimnion is the amount of
dissolved nitrogen and phosphorus in the 0-10 m integrated sample depth (Andrusak et
al. 2001). A ratio of 7:1 for nitrates to total dssolved phosphorus (NO;:TDP) is often
used as an indicator of the bio-availability of certain nutrients: if the ratio is <7, then
conditions are more favorable for cyanobacteria (blue-green algae) and if >7, then
conditions are favorable for other phytoplankton such as diatoms. This is relevant in that
blue-green algae are a poor food source for zooplankton (Andrusak et al. 2001).

At all Skaha L. sites, the TN:TP ratios were greater than 15 except for Site 3 in October
(TN:TP ratio of 9.6), suggesting that the lake is phosphorus limited (Fig. 12a). Site 3 in
the south basin of Skaha L. was close to 10 in October, which may signify either, neither
or both nitrogen and phosphorus are limiting. The available dissolved nutrients
(NO4:TDP), ratios were all <7, which suggests an environment favorable to blue-green
algae production (Fig. 13a).
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In Osoyoos L., average TN:TP ratios were above 15 from April to September and
between 10 and 15 for October and November (Fig. 12b). This suggests that the lake
was phosphorus limited up to September and then either, neither or both phosphorus
and nitrogen limited in October and November. NO;:TDP ratios, were all less than 7
suggesting conditions favorable for blue-green algae production (Fig. 13b).

Chlorophyll a

Chlorophyll a is often used as an indicator of phytoplankton standing crop (Horne &
Goldman 1994). The average April-November chlorophyll a concentration in Skaha L.,
was 3.2 my/L (Fig. 14a); whereas, in Osoyoos L., it was 4.87 ug/L (Fig. 14b). This
relates well with the difference in mean total phosphorus levels, which were greater in
Osoyoos L. than in Skaha L.

Silica

Diatoms are a preferred food source for zooplankton (Horne & Goldman 1994). Silica is
used by diatoms for their rigid cell walls, called frustules, and it accounts for their
success. Large variation in silica concentrations, may suggest that silica is potentially
limiting (Horne & Goldman 1994).  Silica levels in all Skaha and Osoyoos lake sites
combined averaged 4.7 mg/L (Fig. 15a - f). Silica does not seem to be limiting diatom
production in either of these lakes since concentrations of silica did not fluctuate greatly.

3.4 Macrozooplankton

Both Skaha and Osoyoos lakes contained the following genera of zooplankton:
Diaphanosoma, Bosmina, Cyclopioda, Calanoida, Diaptomus, Rotifera, Mysis relicta,
and Leptodora. Small numbers of Alona, Sida, and Polyphemus were also found in
Skaha L.

In Skaha L., Cyclopoida made up the largest part of the zooplankton community from
April to November in terms of density, with a weighted mean density of 10,347.4
individuals/m®.  Copepod (Cyclopoida, Calanoida) larvae (naupli) held the second
highest weighted mean density of 8035.9 individuals/m?, followed by Rotifera at 6624.0
individuals/m® (Fig. 16a). The total April to November weighted mean biomass of
zooplankton in Skaha L. was 26,462.8 mg/m®. In terms of species biomass, Cyclopoida
were the largest in Skaha L., with a mean weighted biomass of 210.7 mg/m?, followed by
Diaptomus (120.9 mg/m?®) and Daphnia (48.8 mg/ m®, Fig. 17a).

In Osoyoos L., the most abundant species in terms of density was Rotifera, with a
weighted mean of 15,611.5 individuals/m?, followed by nauplii with a weighted mean
density of 11,572.8 individuals/m®. The third-most abundant zooplankton were
Cyclopoida; although, their mean weighted density was less than % that of nauplii at
5078.2 individuals/m® (Fig. 16b). Total zooplankton weighted mean density was much
higher in Osoyoos L. than in Skaha, totaling 37,903 mg/m®. Diaptomus made up the
largest proportion of total biomass in the lake at 152.8 mg/m?®, followed by Cyclopoida
(126.9 mg/m?®) and Daphnia (45.5 mg/m?®, Fig. 17b).
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Weighted mean lengths of individual zooplankton species in Skaha and Osoyoos lakes
were similar, with some being slightly larger and some slightly smaller in one lake or the
other (Fig. 18).

There was a higher weighted mean density of zooplankton in the 0.5 mm to 0.9 mm
range in Skaha L. than in Osoyoos L. The most abundant size class of zooplankton was
between 0.1 mm and 0.2 mm for both lakes. However, this size class made up the
majority of zooplankton in Osoyoos L.; whereas, there were nearly as many zooplankton
in the 0.6 mm to 0.7 mm range in Skaha L. (Fig. 19).

3.5 Mysis Relicta

Mean density of Mysis relicta in Skaha L. was slightly lower than that of Osoyoos L.
during the growing season (April to November 2002). However, mean biomass and
mean lengths of mysids were slightly higher in Skaha L. than in Osoyoos L. (Table 3).

Mysid density was highest in October for Skaha L. and highest in July for Osoyoos L.. In
both lakes, densities were relatively low in April, became higher over late spring to early
fall, and then began to drop again in November (Fig. 20).

The mean length of M. relicta increased in both lakes over most of the sampling period
(April to November 2002). However, the mean length of mysids was slightly higher in
Skaha L. for most of the sampling period, with the exception of April, at which time their
mean size was slightly lower than in Osoyoos L. (Fig. 21).

Mean biomass of mysids peaked in September in Osoyoos L. and in October in Skaha
L.. Mean mysid biomass remained considerably larger in Skaha L. throughout most of
the sampling period. Overall, the mean biomass of mysids in Skaha L. from April to
November was 606.7 mg/m?, compared to only 377.0 mg/m? in Osoyoos L. (Fig. 22).

Table 3. Summary of seasonal weighted mean densities, biomass, and length of Mysis
relicta in Skaha and Osoyoos lakes, April to November 2002.

Weighted mean Weighted mean Weighted mean
density (No./m% biomass (mg/m?) length (mm)
Skaha 83.32 606.68 11.09
Osoyo00s 93.82 377.02 9.81

3.6 O. nerka-M. relicta Interactions Monitoring

3.6.1 Oncorhynchus nerka - Mysis relicta: Diel Vertical
Migration

The upper limit of the mysid migration scattering layer was identified for each acoustic
survey. Also, where possible, concentrated O. nerka layers were identified noting any
overlap with mysids. Fig. 23 shows an example of a typical acoustic survey and
interpretation. Fisheries and Oceans Canada surveys were also conducted in April,
August, and October. The DFO surveys were used to help distinguish between M.
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relicta and O. nerka. Figures 24a-g shows the survey months, times, and sunset/sunrise
and is described below.

During April surveys, both Skaha and Osoyoos L. mysids underwent a diel migration
(Fig. 24a). They remained on the bottom during the daylight hours, migrating up into the
upper parts of the lake during sunset, and migrating back down to the bottom prior to
sunrise. The main difference was that mysids occupied the bottom 12 m of Osoyoos L.
during the day while Skaha mysids remained right on the bottom. No distinguishable
concentration of O. nerka was identified for Skaha L., but during both the 23:00 and
02:00 surveys, the distributions of sockeye and mysids in Osoyoos L. were overlapping.

During May surveys, mysids in Skaha L. underwent the typical diel migration (see April
description), where O. nerka layers overlapped them during the night surveys (21:00 and
02:00, Fig. 24b). Osoyoos L., mysids migrated off the bottom between 14:00 and 18:00
hours and underwent a diel migration prior to sunrise (Fig. 24b). O. nerka layers in
Osoyoos L. were identifiable in all surveys and they overlapped with mysids in 5 out of
the 8 surveys. Interestingly, none overlapped during the night.

During June surveys, Skaha mysids underwent a typical diel migration with an O. nerka
layer identified during the evening survey (Fig. 24c). As with the May survey, mysids
migrated off the bottom sometime during the day but still underwent a diel migration
terminating on the bottom before sunrise (Fig. 24c). In one survey an O. nerka
concentration could be identified, and it overlapped the mysids. In Osoyoos L., the
upper extent of mysid migration scattering was 22 m during the late morning and
afternoon surveys (Fig. 24c). After sunset, the layer rose slightly to 20 m. A more
substantial diel vertical migration was observed after sunrise when the layer moved
down to 40 m. A distinguishable O. nerka concentration could be found in 6 out of the 7
surveys all within the upper range of mysids.

During July surveys, Skaha L. mysids underwent a typical migration, moving off the
bottom during sunset and migrating back down prior to sunrise. A concentrated O.
nerka layer was identified in 3 of the 7 surveys (all night time), with mysids overlapping
in 2 instances (Fig. 24d). The Osoyoos L. mysid scattering layer was at 40 m during the
day and moved to 12 m during the night. A distinguishable O. nerka concentration was
identified in 4 of the 8 surveys, with mysid overlap in 3 of them.

Two surveys were conducted in August (approximately 10 days apart), with one
overlapping the Fisheries and Oceans Canada ATS surveys. Both Skaha and Osoyoos
L. mysids underwent a diel migration moving off the bottom during evening and
migrating back down during the day (Figs. 24e and f). There was a slight difference in
the Osoyoos L. surveys where the daytime scattering layers of mysids were at 30 m on
August 19, 2002 and 38 m on August 30, 2002.

The last survey in September was quite different from previous ones, in that no
distinguishable diel vertical migration was present in either lake (Fig. 24g). However, in
Skaha L., there was a definite O. nerka concentration in 3 out of the 7 surveys and all
within the mysid layer. This was also seen in Osoyoos L., where 3 out of the 6 surveys
had a distinguishable O. nerka concentration, all overlapping with the upper extent of
mysids.
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3.6.2 Oncorhynchus nerka: Diet Analysis

A total of 145 Osoyoos L. and 112 Skaha L. O. nerka stomachs of various age classes
were sampled for presence of M. relicta (Table 4).

O. nerka, age O in Skaha L. were as follows: in Cctober 2002, 21% of the fish had
mysids in their stomachs, for November 2002, 15 %, and February 2002, 15 % (Fig. 25).
However, it is not known at what age they began to utilize mysids prior to October as
these were the only months where fish were analyzed.

Osoyoos L. age 0" O. nerka analysis were from August-November and February.
Mysids were present in the August (5 %) and the October 18 (17 %) and 30 (30 %) fish
but not present in the September, November, and February (Fig. 25).

All older age classes of O. nerka in both lakes ingested M. relicta (Fig. 26). Samples
from Osoyoos L. were from July and September, and were found present in 13 and 14%
of the fish respectively. Skaha L. samples were from August (21 and 30) and
November, and in O. nerka stomachs, the percent frequency of M. relicta increased
within the August samples from 13 % (August 21) to 73 % (August 30) and remained
high at 65 % in November. This suggests that at some point in August, older age
classes of Skaha O. nerka were able to utilize M. relicta as a food source.

Table 4. Percent Frequency of O. nerka stomach fish containing mysids®

Osoyoos Lake
Season
Age | Winter | Spring Summer Autumn
o+ 20 - 20 90
1+ - - - -
2+ - - 8 7
Skaha Lake
Season
Age | Winter | Spring Summer Autumn
o+ 20 4 - 39
1+ - 2 7 21
2+ - - 19 -

3o represents no samples analyzed
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4.0 DISCUSSION AND CONCLUSIONS

Based on data collected during the 2002 sampling season and on the relationship
between total dissolved phosphorus and biomass of limnetic juvenile O. nerka, the
rearing capacity for 86 mm and 100 mm O. nerka smolts in Skaha L. is estimated to be
2,339 smolts/ha and 1,663 smolts/ha respectively. For Osoyoos L., the rearing capacity
for 86 mm and 100 mm is estimated to be 3,025 smolts/ha and 2,151 smolts/ha
respectively.

As identified in the 2001 report (Wright 2002), the carrying capacity of Osoyoos L. was
calculated by Hyatt and Rankin (1999) to be higher than this even though similar
concentrations of total phosphorus were used. The main reason for the difference is the
range of data used by Hyatt and Rankin (1999). to develop the relationship between total
phosphorus and fish biomass They used a broader range of lake trophic conditions (<2
pg/L-300 pg/L of total phosphorus) while the lake trophic conditions used in Fig. 2 of this
report ranged only from <2 pg/L-30 pg/L. Another difference is that the lakes
represented in Hyatt and Rankin (1999) were not limited to those containing only O.
nerka. The TP-O. nerka biomass relationship we used (Fig. 2) involved lakes whose
principal limnetic fish species was O. nerka, but some also contained Mysis relicta. The
impacts of Mysis relicta on the rearing habitat of sockeye or kokanee lakes are relatively
unknown but have some influence. Nevertheless, the value is in comparing the lakes’
rearing capacities even though Skaha has slightly less productive capacity based on its
total phosphorus levels for 2002. Osoyoos L. has a demonstrated capacity to sustain a
relatively large biomass of juvenile sockeye, so this suggests that nutrient levels do
currently not limit the rearing capacity of Skaha L.

In addition, the 2002 kokanee spawning escapement was over 86,000 (Matthews 2002),
a population size that has not been seen since the early 1970's when Skaha L. was
considered to be in a eutrophic state and prior to tertiary treatment of the Penticton
municipal wastewater treatment plant on the Okanagan River Channel (Truscott & Kelso
1979).

Secchi depths related well with the productivity of Skaha L. and Osoyoos L., decreasing
in depth as phosphorus concentrations increased. In terms of temperature and oxygen
limits, Skaha L. had the greatest amount of suitable habitat for rearing juvenile O. nerka.
Osoyoos L. habitat remained suitable for most of the year but was limited by
temperature and dissolved oxygen constraints for a period of about 14 days.
Temperature and dissolved oxygen conditions remained favorable during the entire
sampling period in Skaha L. The temperature and oxygen squeeze seen in Osoyoos L.
is not a new physical feature but is poorly documented. With the potential for climate
change and warmer conditions in the Okanagan Basin, this ‘squeeze’ may become more
extreme in the future (Rankin 2002, Research Biologist, personal communication).
Temperature and dissolved oxygen conditions are more suitable in Skaha L. than in
Osoyoos L. for adult sockeye holding until spawning conditions are favourable.
Therefore, if at some point sockeye are reintroduced into Skaha L. through adult
migration, it appears that over-summer survival for adults and juvenile rearing survival
could be greater than in Osoyoos L.

The TN:TP ratio suggests that both Skaha L. and the north basin of Osoyoos L. are
primarily phosphorus limited. However, for Osoyoos L. in October and November, the
TN:TP ratio was between 10 and 15, which suggests that the lake was phosphorus
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limiting and then in October and November was either, neither or both phosphorus and
nitrogen limiting. Both lakes had a dissolved TN:TP ratio less than 7 indicating that
conditions are likely favourable for cyanobacteria production. Because Osoyoos L. and
Skaha L. are quite similar in these respects, one might again expect that the conditions
for sockeye in Skaha L. would not be very different, and might be better than those in the
north basin of Osoyoos L.

A simultaneous increase in total phosphorus and chlorophyll a can be seen for Skaha
and Osoyoos lakes. Silica levels did not vary greatly, which suggests that it is not
limiting in either of the lakes.

Cyclopods, daphnids and bosminids can be important components of O. nerka diets
(Burgner 1991). There were fewer cyclopods in terms of both mean density and mean
biomass in Osoyoos L. than in Skaha L. during the 2002 sampling season. This trend
was not apparent in 2001; however, the year 2001 was a high spawner year for sockeye
in Okanagan River, and fry from this run would have begun to emerge and feed in
Osoyoos L. in 2002, which may have accounted for higher grazing pressure by O. nerka
in Osoyoos L. than in Skaha L.

Mysid density increased considerably from April to June 2002 based on the 2 sampling
stations we used for each lake. However, this trend was not apparent in the samples
taken by Fisheries and Oceans Canada during their ATS sampling of 10 sites on each
lake (Rankin 2002, Research Biologist, personal communication). Therefore, it is
difficult to draw conclusions from the data collected from our small sampling area, and
an increase in the number d sampling stations for mysid and zooplankton would be
useful in future years.

Results of the diel vertical migration monitoring show that mysids undergo a typical
migration, migrating up during sunset and migrating back down prior to sunrise.
However, the main difference between the two lakes was how the mysid scattering layer
moved off the bottom during the day and increased to the fall surveys. This effect was
most pronounced in Osoyoos L. and may be due to the gradual anoxic conditions that
develop in the lake. In addition, as shown by slightly different secchi depths (less clarity
in Osoyoos L.), mysids may not have to go as far to reach preferred light intensities in
Osoyoos L. as they do in Skaha L. By the September survey, we were unable to identify
a vertical migration of mysids. The reason may be that the large amount of juvenile
sockeye in the Osoyoos L. masked a distinguishable mysid layer. Due to technical
difficulties with the hydroacoustic equipment, we were unable to collect usable acoustic
information in October and November 2002.

Preliminary diet analysis identified that age 0" sockeye and kokanee ingested mysids but
in variable amounts during the year and between lakes. It is not known when kokanee in
Skaha L. were able to begin to utilize mysids as a food source because the samples
analyzed all showed mysids to be present. Osoyoos L., age 0" sockeye began to utilize
mysids by August, but at this time only 5 % of the fish sampled had mysids present in
their stomachs, and no mysids were found in the September samples. The data
collected suggests that mysids are utilized in greater percentages in Osoyoos L. than in
Skaha L. in October, but not in other months sampled where the opposite is true. In the
November and February samples, no mysids were present in Osoyoos L. age 0+ fish,
but they were present in Skaha L. during these 2 months.
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Other age classes of O. nerka in Skaha and Osoyoos lakes were also found to utilize
mysids. For Skaha L., at some point between the middle and end d August, the
frequency of mysids in the stomachs of O. nerka increased, but Osoyoos L. samples
were relatively constant. It should be noted that while results presented here are
preliminary, they do suggests that M. relicta is a food source.

The simple sockeye life history model developed and used in the Skaha Reintroduction
describes M. relicta, juvenile sockeye, juvenile kokanee, and older age class kokanee in
O. nerka 0" equivalents in regards to biomass is the rearing lakes (ie kokanee, sockeye,
and mysids have the same food consumption rates relative to their size (Peters &
Marmorek 2003). The results from this monitoring and the presence of mysids in O.
nerka stomachs in both sockeye and kokanee demonstrate that mysids are a source of
food and the mysid conversion to 0" equivalents may be different from what was
assumed in the model. Further work on refining their interactions from a learning
perspective should be an integral part of implementing sockeye reintroduction into
Skaha L. The additional work will begin to answer some of the unknowns of these
interactions for the long-term goal of reintroduction into Okanagan L.

To increase our understanding of these interactions, an analysis similar to the
‘Wisconsin’ type bio-energetics model reported by Stockwell and Johnson (1997) and
currently being adapted by Fisheries and Oceans Canada for another British Columbia
L. should be conducted (Hyatt et al. 2004). This further work can be used to refine the
sockeye life history model to be used for evaluation of reintroduction of sockeye into
Okanagan L.

Physical and chemical features of Skaha L. suggest that it has similar or better
conditions for sockeye adult holding and juvenile rearing than those presently being
used in Osoyoos L. In addition, the higher density and biomass of cyclopoids in Skaha
L. suggest that it has an adequate food supply for rearing sockeye. However, mysid
results here show a significant increase in mysid abundance where DFO results did not.
Because DFO sampling had 10 sample stations compared to two n this study, this
documented increase should not be of great concern. Acoustic monitoring suggests that
mysids undergo diel vertical migration but that their migration is lessened toward late fall
in both lakes. Diet analysis also suggests that M. relicta is utilized as a food source by
O. nerka in appreciable numbers.

The information collected over the past 2 years suggest that, in terms of rearing
conditions, an experimental reintroduction is feasible. However, several unanswered
guestions remain after the second year of lake rearing assessment, as follows:

1. Other than 2002, why have recent kokanee populations in Skaha L. been smaller
than historically?
What part, if any has M. relicta played in the decline in Skaha L. kokanee numbers?

What are the trophic interactions of O. nerka and M. relicta in Skaha and Osoyoos
lakes?

4. How might these interactions affect the success of any re-introduction of sockeye,
and the present kokanee population in Skaha L.?

5. Since preliminary results suggest that Mysis relicta have increased in density in
Osoyoos L., how might this affect the future survival of the Okanagan sockeye?
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5.0 RECOMMENDATIONS

To help answer the foregoing questions during implementation of the experimental
reintroduction, further physical limnology, water chemistry, zooplankton and Mysis relicta
abundance sampling and comparison of these features in Skaha L. and the north basin
of Osoyoos L. is recommended.

In addition, data suggests that model assumptions as they relate to O. nerka and M.
relicta interactions will need to be refined for long term learning and for evaluating
possibilities for reintroduction of sockeye back into Okanagan L.. The following
information is recommended to increase our rearing and limnological knowledge on the
north basin of Osoyoos L. and Skaha L.:

1. Continue monthly water quality sampling regime (physical and chemical) of
Skaha L. (two sites) and the north basin of Osoyoos L. (two sites) as follows:

Measure temperature-dissolved oxygen profiles at or near the lake bottom at
all sites.

Increase the frequency of sampling to twice weekly at the sample sites during
August to October on Skaha and Osoyoos lakes when temperature and
dissolved oxygen conditions for juvenile O. nerka habitat are most likely to
become critical.

2. Biweekly Mysis relicta and zooplankton sampling from March to the bloom of
cladoceran (usually June or July) and then monthly to November. Sampling
methodology used in 2001 and 2002 is recommended. It is also recommended
to increase the number of sites for M. relicta to 10 on each lake to improve the
confidence limits (Rankin 2002, Research Biologist, personal communication).

3. Continued collection of kokanee information from Skaha L. and sockeye
information on Osoyoos L. to include juvenile abundance monitoring and growth
rates of maturing fish. This can be accomplished by:

Hydroacoustic and trawl surveys to determine juvenile abundance. Fisheries
and Oceans Canada is currently conducting this work.

Trawl surveys in Skaha L. to determine age structure and species
composition of limnetic fish from Hydroacoustic surveys.

Seasonal gillnetting of Skaha L. and sampling of Skaha adult spawners to
collect biological information (age structure, growth rates, sex, diet analysis,
and genetic analysis).

4. An analysis similar to the ‘Wisconsin’ type bio-energetics model by Stockwell and
Johnson (1997) and currently being adapted by Fisheries and Oceans Canada
for other British Columbia lakes should be conducted (Hyatt 2003, Research
Scientist, personal communication). This can be accomplished by collecting
additional data for:

Further diet analysis of O. nerka samples.

Further analsyis of zooplankton and mysid samples
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Figure 1a. Okanagan Basin overview map.



Figure 1b. 2003 water quality, acoustic trawl survey, and gillnetting sampling
locations on Osoyoos Lake.
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Figure 2. Total phosphorus — O. nerka biomass relationship. Data include biomass and
TP estimates from a series of sockeye and kokanee lakes. Methods used to derive
nerkid biomass estimates include standard acoustic / trawl surveys. For details see

Stockner (1987), Hyatt and Rankin (1999)
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Figure 4:
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Figure 5:  Temperature/Oxygen Profiles for Skaha Lake for 2002
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Figure 5g Site 2 May 23
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Figure 5l Site 2 June 11
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Figure 5q Site 2 July 10
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8.7 20 925 20
7.8 24 990 24
7.2 28 10.28 28
6.8 32 1035 32
6.4 36 10.59 36
6.2 40 10.30 40
6.0 44 10.13 44
59 48 920 48
5.7 52 714 52

Depth (m)

00

Temperature (€)/D0(ma/L)
50 100 150 200 250

Figure 5r Site 3 July 10
Temperature Oxygen
Temp Depth Oxyger Depth
20.7 0 9.91 0

Figure 5u Site 3 July 23
Temperature  Oxygen
Temp Depth Oxyger Depth
227 0 8.14 0
225 2 7.90 2
224 4 7.69 4
222 6 7.90 6
16.8 8 8.26 8
148 10 832 10
122 12 850 12
100 14 911 14
9.3 16 9.10 16
8.6 18 925 18
8.1 20 933 20
7.7 24 961 24
74 28 955 28
73 32 956 32
72 36 840 36
72 40 256 40

Depth (m)

Temperature (€)/D0(ma/L)
00 50 100 150 200 250

409



Figure 5v Site 2 August 9

Temperature Oxygen

Temp Depth Oxyger Depth
20.2 0 9.43 0
20.1 2 9.29 2
19.9 4 9.34 4
19.8 6 9.38 6
19.5 8 9.44 8
193 10 940 10
174 12 864 12
115 14 855 14
10.0 16 894 16
8.9 18 947 18
8.6 20 9.93 20
7.8 24 1033 24
7.3 28 10.64 28
6.9 32 1055 32
6.3 36 10.98 36
6.1 40 10.80 40
5.9 44 951 44
5.8 48 830 48
5.7 52 749 52

Figure 5x Site 2 August 18

Temperature Oxygen

Temp Depth Oxyger Depth
20.6 0 8.57 0
20.0 2 8.96 2
19.7 4 9.27 4
19.7 6 9.36 6
19.6 8 9.45 8
195 10 954 10
182 12 923 12
11.3 14 934 14
105 16 966 16
100 18 960 18
9.1 20 991 20

8.2 24 1062 24
7.6 28 11.00 28
7.1 32 1121 32
6.8 36 1129 36
6.5 40 1121 40
6.2 44 1121 44

59 48 972 48
59 52 934 52

Figure 5z Site 2 August 21

Temperature Oxygen

Temp Depth Oxyger Depth
19.9 0 8.55 0
19.8 2 8.80 2
19.8 4 9.09 4
19.7 6 9.21 6
19.6 8 9.37 8
196 10 928 10
16.8 12 879 12
111 14 928 14
9.9 16 935 16
8.9 18 9.66 18
85 20 981 20
7.8 24 1020 24
7.3 28 10.27 28
6.9 32 1040 32
6.5 36 10.24 36
6.2 40 986 40
6.0 44 891 44
6.0 48 796 48

Figure 5w Site 3 August 9
Temperature  Oxygen
Temp Depth Oxyger Depth
20.6 0 8.77 0
20.6 2 8.98 2
20.3 4 9.11 4
19.8 6 9.24 6
19.7 8 9.20 8
195 10 916 10
153 12 881 12
127 14 898 14
11.0 16 9.16 16
9.4 18 847 18
8.4 20 9569 20
7.8 24 974 24
74 28 974 28

73 32 964 32
73 36 946 36
40 40

Figure 5y Site 3 August 18
Temperature Oxygen
Temp Depth Oxyger Depth
20.8 0 8.31 0
20.7 2 8.39 2
20.5 4 8.77 4
20.4 6 9.08 6
20.3 8 9.17 8
19.7 10 941 10
163 12 927 12
9.5 14 1034 14
9.4 16 1039 16
8.3 18 1045 18
8.1 20 9.83 20
79 24 998 24
7.7 28 1014 28
75 32 1021 32
7.4 36 10.18 36
40 40

Figure 5aa Site 3 August 21
Temperature  Oxygen
Temp Depth Oxyger Depth
20.6 0 8.37 0
20.6 2 8.35 2
20.5 4 8.51 4
20.4 6 8.60 6
20.4 8 8.72 8
203 10 875 10
185 12 849 12
126 14 846 14
109 16 852 16
104 18 855 18
9.5 20 884 20
8.3 24 911 24
7.8 28 913 28
76 32 910 32
75 36 898 36
73 40 861 40




Figure 5bb Site 2 August 30
Temperature Oxygen
Temp Depth Oxyger Depth
225 0 8.19 0

28 28
32 32
36 36
40 40
44 44
48 48

Figure 5dd Site 2 September 3
Temperature Oxygen

Temp Depth Oxyger Depth
20.7 0 9.08 0

16 16
18 18
20 20
24 24
28 28
32 32
36 36
40 40
44 44
48 48
Figure 5ff Site 2 5

Temperature Oxygen
Temp Depth Oxyger Depth
19.7 0 7.56 0

Depth (m)

Figure 5cc Site 3 August 30
Temperature  Oxygen
Temp Depth Oxyger Depth
219 0 8.23 0

32 32
36 36
40 40

Figure 5ee Site 3 September 3
Temperature  Oxygen

Temp Depth Oxyger Depth
20.9 0 9.01 0

16 16
18 18
20 20
24 24
28 28
32 32
36 36
40 40
Figure 5gg Site 3 5

Temperature Oxygen
Temp Depth Oxyger Depth
19.6 0 7.88 0




Figure 5hh Site 2 12
Temperature Oxygen

Temp Depth Oxyger Depth

19.6 0 7.45 0

Temperature (C)/DO(mg/L)
00 50 100 150 200 250

B E
133 14 787 14 =
105 16 754 16 &
95 18 7.58 18
88 20 7.81 20
80 24 822 24

76 28 840 28
71 32 888 32
67 36 918 36
61 40 7.83 40
59 44 690 44
61 48 389 48
Figure 5ii Site 2 22 Figure 5jj Site 3 22

Temperature Oxygen
Temp Depth Oxyger Depth
16.7 0 9.41 0

Temperature  Oxygen
Temp Depth Oxyger Depth
17.7 0 7.84 0

a0 00 5o 10 150 0 20
175 2 861 2 0 177 2 810 2
175 4 898 4 4 177 4 859 4
175 6 925 6 2 177 6 904 6
175 8 943 8 176 8 942 8
175 10 931 10 b 176 10 916 10
173 12 931 12 2 175 12 907 12
124 14 896 14 = 175 14 908 14
s 15 8o 1s > iz 1o os 1o

. X H )
99 20 783 20 P 11 20 812 20
91 24 769 24 “ 86 24 78 24
83 28 788 28 81 28 768 28
78 32 809 32 78 32 740 32
73 36 842 36 76 36 721 36
70 40 840 40 20 20
68 44 773 44
67 48 753 48
64 52 742 52
Figure 5kk Site 2 27

Temperature Oxygen
Temp Depth Oxyger Depth
16.7 0 9.25 0

32 99 32
36 968 36
44 892 44
48 825 48
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Figure 5l Site 2 October 1

Temperature Oxygen

Temp Depth Oxyger Depth
16.2 0 9.21 0
16.1 2 9.45 2
16.0 4 9.72 4
16.0 6 9.92 6
15.9 8 10.09 8
159 10 10.00 10
159 12 1000 12
137 14 883 14
111 16 781 16
9.5 18 781 18

9.0 20 799 20
7.6 24 872 24
7.1 28 893 28
6.7 32 913 32
6.4 36 874 36
6.2 40 7.80 40
6.1 44 683 44
6.1 48 6.17 48
6.1 52 574 52

Figure 5nn Site 2 October 3
Temperature Oxygen
Temp Depth Oxyger Depth
15.7 0 8.96 0
15.7 2 9.02 2
15.7 4 8.96 4
15.7 6 9.05 6
15.6 8 9.22 8
156 10 933 10
155 12 942 12
155 14 939 14
10.2 16 7.65 16
9.3 18 773 18
8.6 20 792 20
8.1 24 817 24
75 28 826 28
7.2 32 831 32
6.8 36 843 36
6.6 40 8.05 40
6.4 44 763 44
6.1 48 7.16 48

Figure 5pp Site 2 October 17
Temperature Oxygen
Temp Depth Oxyger Depth
135 0 9.40 0
135 2 9.70 2
13.4 4 9.76 4
13.4 6 1022 6
133 8 1025 8
133 10 1039 10
133 12 1037 12
132 14 1050 14
122 16 835 16
113 18 802 18
9.8 20 7.85 20
8.8 24 817 24
8.1 28 828 28
75 32 861 32
6.9 36 887 36
6.7 40 832 40
6.4 44 772 44
6.2 48 6.76 48
6.1 52 560 52

Figure 5mm Site 3 October 1

Temperature Oxygen

Temp Depth Oxyger Depth
16.3 0 9.83 0
16.3 2 9.33 2
16.2 4 9.43 4
16.1 6 9.48 6
16.1 8 9.45 8
16.1 10 947 10
16.0 12 943 12
16.0 14 943 14
16.0 16 937 16
148 18 885 18
9.9 20 798 20
9.2 24 761 24
8.3 28 764 28
7.8 32 764 32
76 36 746 36

Figure 500 Site 3 October 3
Temperature  Oxygen
Temp Depth Oxyger Depth
15.7 0 9.13 0
15.7 2 9.23 2
15.8 4 9.22 4
15.7 6 9.05 6
15.7 8 9.14 8
157 10 916 10
156 12 895 12
152 14 872 14
131 16 7.74 16
118 18 7.16 18
101 20 7.05 20
8.4 24 712 24
7.9 28 693 28
76 32 886 32
7.5 36 6.72 36

Figure 5qq Site 3 October 17

Temperature  Oxygen

Temp Depth Oxyger Depth
13.0 11.75 0
135 2 1044 2
135 4 1021 4
135 6 1052 6
135 8 1060 8
135 10 1046 10
135 12 1054 12
135 14 1061 14
134 16 1059 16
102 18 852 18
9.2 20 7.84 20
8.3 24 780 24
8.1 28 758 28
79 32 743 32
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Figure 5rr Site 2 October 31 Figure 5ss Site 3 October 31
Temperature Oxygen Temperature  Oxygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
10.5 0 1816 O 10.6 0 1855 0

Figure 5tt Site 2 November 12
Temperature Oxygen
Temp Depth Oxyger Depth

8.8 0 1056 O

Figure 5uu Site 3 November 12
Temperature Oxygen
Temp Depth Oxyger Depth

8.6 0 1029 0

75 32 536 32
36 36 7.4 36 515 36
40 40 7.3 40 444 40

Figure 5vv Site 2 November 27
Temperature Oxygen
Temp Depth Oxyger Depth

7.4 0 1533 0

Figure 5ww Site 3 November 27
Temperature Oxygen
Temp Depth Oxyger Depth

76 0 1465 O

909



Figure 6:

Figure 6a Site 1 April 10

Temperature ~ Oxygen

Temp Depth Oxyger Depth
E 0 1170 0
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Figure 6¢ Site 1 April 24

Temperature ~ Oxygen

Temp Depth Oxyger Depth
8.0 0 1125 O

7.9 2 1228 2
7.9 4 1284 4
7.9 6 1301 6
7.9 8 13.08 8
7.8 10 1335 10
7.7 12 1315 12
7.4 14 1344 14
7.4 16 1287 16
7.3 18 1264 18
7.0 20 1299 20
6.5 24 1299 24
6.4 28 1297 28

32 32

36 36

40 40

Figure 6e Site 1 May 8

Temperature ~ Oxygen

Temp Depth Oxyger Depth
. 0 79 0

Depth (m)

Temperature (°C)/DO(mg/L)
00 50 100 150 200

250

0+
4
8

Temperature

------ Oxygen

.

emperature

------ Oxygen

8

9.3 2 6.82 2
9.2 4 740 4
9.1 6 8.66 6
9.1 8 8.89 8
9.1 10 9.40 10
9.0 12 10.07 12
8.5 14 995 14
7.6 16 985 16
6.8 18 10.07 18
6.6 20 10.00 20
6.2 24 822 24
6.4 28 272 28
6.4 32 261 32

36 36

40 40

Temperature/Oxygen Profiles for Osoyoos Lake for 2002

Figure 6b Site 2 April 10

Temperature ~ Oxygen

Temp Depth Oxyger Depth
5. 0 1350 O
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Figure 6d Site 2 April 24

Temperature ~ Oxygen

Temp Depth Oxyger Depth
8.2 0 1078 O
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Figure 6f Site 2 May 8

Temperature ~ Oxygen

Temp Depth Oxyger Depth
. 0 127 0

Depth (m)

Temperature (°C)/DO(mg/L)
5.0

100 150 200 250

Temperature

------ Oxygen

Temperature

Temperature

Oxygen

8
9.9 2 127 2
9.7 4 12.8 4
9.6 6 122 6
9.6 8 12.0 8
9.5 10 117 10
9.1 12 118 12
8.1 14 118 14
7.0 16 119 16
6.7 18 117 18
6.5 20 113 20
6.4 24 104 24
6.3 28 107 28
6.3 32 102 32
6.2 36 101 36
6.1 40 9.6 40

50

100

150 200 250

Temperature

------ Oxygen
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Figure 69 Site 1 May 22

Temperature ~ Oxygen
Temp Depth Oxyger Depth
13.4 0 9.60 0
13.0 11.32
12.6 4 1215 4
125 6 1234 6
12.1 8 1250 8
11.8 10 1239 10
115 12 1233 12
109 14 1357 14
105 16 13.80 16
100 18 12.88 18
9.2 20 1391 20
8.2 24 1482 24
7.6 28 1497 28
7.4 32 1478 32
7.3 36 14.45 36
7.2 40 11.63 40

Figure 6i Site 1 June 6

Temperature ~ Oxygen
Temp Depth Oxyger Depth
126 0 1040 O
12.7 2 1280 2
13.2 4 1340 4
13.9 6 1210 6
14.4 8 1180 8
145 10 1137 10
143 12 1196 12
138 14 1131 14
134 16 1152 16
129 18 1221 18
120 20 11.80 20
113 24 12.05 24
104 28 1246 28
9.7 32 1298 32
9.0 36 1339 36
9.1 40 17.38 40
44 44

Figure 6k Site 1 June 10

Temperature ~ Oxygen
Temp Depth Oxyger Depth
15.8 0 1093 O
14.7 2 9.99 2
14.3 4 1025 4
14.4 6 1057 6
14.4 8 1034 8
143 10 1042 10
143 12 1032 12
142 14 1071 14
139 16 10.61 16
135 18 1041 18
124 20 10.44 20
8.6 24 1125 24
8.0 28 11.48 28
7.6 32 1164 32
7.7 36 11.56 36
7.6 40 11.35 40
75 44 10.34 44

250

Temperature

Oxygen

Temperature (0C)/DO(mg/L)
00 50 100 150 200 250

Depth (m)

Temperature (0C)/DO(mg/L)
00 50 100 150 200 250

Depth (m)

Figure 6h Site 2 May 22

Temperature  Oxygen
Temp Depth Oxyger Depth
13.4 0 1405 O
134 2 1200 2
13.4 4 1317 4
13.3 6 1289 6
13.3 8 1290 8
13.2 10 12.84 10
132 12 1276 12
130 14 1270 14
126 16 1271 16
125 18 1265 18
123 20 1265 20
115 24 1276 24
9.5 28 1321 28
9.0 32 1332 32
8.7 36 13.25 36
8.3 40 13.23 40
8.2 44 1310 44
8.2 48 12.87 48
7.9 52 12.69 52

Figure 6j Site 2 June 6

Temperature  Oxygen
Temp Depth Oxyger Depth
121 0 1181 O
13.1 2 1480 2
13.6 4 1530 4
14.0 6 1451 6
14.6 8 15118 8
149 10 1439 10
151 12 1489 12
152 14 1495 14
152 16 1474 16
153 18 1494 18
152 20 1353 20
147 24 1453 24
131 28 1359 28
124 32 13.63 32
113 36 1469 36
104 40 14.27 40
9.4 44 16.56 44
8.7 48 1593 48
83 52 1567 52

Figure 6l Site 2 June 10

Temperature ~ Oxygen
Temp Depth Oxyger Depth
16.3 0 1043 O
14.9 2 1056 2
14.6 4 11.04 4
14.4 6 1110 6
14.3 8 11.08 8
142 10 1096 10
141 12 1096 12
140 14 1096 14
139 16 10.87 16
139 18 1081 18
13.8 20 10.62 20
13.6 24 1048 24
13.6 28 1042 28
123 32 1058 32
9.3 36 10.84 36
8.0 40 11.10 40
7.8 44 11.29 44
7.6 48 11.77 48
7.4 52 11.87 52

Depth (m)

Temperature (0C)/DO(mg/L)
50 100 150 200 250

Temperature

------ Oxygen

Depth (m)

00

Temperature (0C)/DO(mg/L)
50 100 150 200 250

Temperature

------ Oxygen
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Figure 6m Site 1 June 18
Temperature  Oxygen
Temp Depth Oxyger Depth
17.2 0 9.16 0
169 2 904 2
16.6 4 9.43 4
164 6 950 6
15.0 8 9.51 8
149 10 941 10
133 12 949 12
14 961 14
16 9.98 16

N
©on

NNNNNwoZ
PUoNNOWWINL

N

©

=

o

w

©

N

©

Figure 6p Site 1 July 9
Temperature ~ Oxygen
Temp Depth Oxyger Depth
219 0 876 0
213 2 9.41 2

19.6 4 9.89 4
18.9 6 1021 6
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Figure 6n Site 2 June 18

Temperature  Oxygen
Temp Depth Oxyger Depth
17.5 0 9.77 0
175 2 993 2
17.5 4 1024 4
17.5 6 1061 6
17.4 8 1030 8
132 10 1030 10
131 12 10.27 12

PR
NNNNNNNN®o LG
~

WWBRBRROINONE G
w
N
I
=
2
©
w
RN

Figure 60 Site 2 June 25
Temperature  Oxygen
Temp Depth Oxyger Depth
22.7 0 6.51 0

122 14 839 14
111 16 810 16
9.7 18 825 18
8.5 20 870 20
7.9 24 896 24
7.7 28 890 28
7.5 32 873 32
7.5 36 853 36
75 40 842 40
74 44 818 44
74 48 801 48
7.4 52 7.86 52

Figure 6q Site 2 July 9
Temperature ~ Oxygen
Temp Depth Oxyger Depth
210 0 85 0
20.3 2 8.55 2
193 4 907 4
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Figure 6s Site 1 July 22
Temperature ~ Oxygen
Temp Depth Oxyger Depth
232 0 834 0
22.2 2 8.44 2
216 4 860 4
214 6 8.65 6
208 8 835 8
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Figure 6u Site 1 August 7

Temperature  Oxygen
Temp Depth Oxyger Depth
19.7 0 8.35 0

188 10 7.14 10
174 12 612 12
109 14 571 14
9.5 16 6.18 16
8.6 18 6.41 18
8.5 20 6.54 20
8.2 24 653 24
8.1 28 641 28
8.0 32 618 32
7.9 36 4.60 36

40 40

00 50
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4
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------ Oxygen

Figure 6r Site 2 July 15
Temperature  Oxygen
Temp Depth Oxyger Depth
22.0 0 8.95 0
213 2 908 2
21.1 4 9.11 4
209 6 916 6
20.5 8 9.19 8
193 10 925 10
16.8 12 7.78 12

N
NNNNNNOOoH A
S

N

o

©

~

[

N

o

NNNNOONNGIs-
w
R
©
~
w
w
R

48 8838 48

Figure 6t Site 2 July 22
Temperature ~ Oxygen
Temp Depth Oxyger Depth
235 0 834 0
21.8 2 8.24 2
21.7 4 8.45 4
21.7 6 8.45 6
213 8 847 8
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Figure 6v Site 2 August 7

Temperature  Oxygen

Temp Depth Oxyger Depth
19.8 0 8.52 0
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Figure 6w Site 1 August 8

Temperature ~ Oxygen
Temp Depth Oxyger Depth
214 0 929 O
21.2 2 9.31 2
20.1 4 9.41 4
19.7 6 9.63 6
195 8 930 8
19.2 10 857 10
184 12 7.87 12
115 14 6.82 14
96 16 6.82 16
9.0 18 7.11 18
86 20 715 20
8.3 24 727 24
81 28 724 28
8.0 32 6.94 32
79 36 234 36
7.9 40 145 40

Figure 6y Site 1 August 17

Temperature  Oxygen
Temp Depth Oxyger Depth
19.8 0 9.00 0
19.5 2 9.08 2
19.3 4 9.03 4
19.3 6 8.98 6
19.3 8 8.60 8
19.2 10 869 10
19.0 12 835 12
170 14 768 14
125 16 6.58 16
9.0 18 6.18 18
9.0 20 642 20
8.6 24 645 24
8.5 28 649 28
8.3 32 7.02 32
8.1 36 339 36
40 40

Temperature (‘C)/DO(mg/L)
50 100 150 200 250

Temperature

------ Oxygen

50 100 150 200 250

Temperature

...... Onygen

Figure 6x Site 2 August 8

Temperature ~ Oxygen
Temp Depth Oxyger Depth
204 0 944 0
20.4 2 9.32 2
200 4 957 4
19.8 6 9.65 6
196 8 937 8
195 10 895 10
188 12 835 12
141 14 6.01 14
110 16 657 16
9.7 18 6.74 18
91 20 6.85 20
8.4 24 684 24
82 28 669 28
8.2 32 6.61 32
81 36 651 36
8.1 40 6.47 40
8.1 44 643 44
8.0 48 6.40 48
80 52 622 52

Figure 6z Site 2 August 17

Temperature ~ Oxygen
Temp Depth Oxyger Depth
20.9 0 9.31 0
20.3 2 9.50 2
19.8 4 9.47 4
19.6 6 9.57 6
19.5 8 9.47 8
195 10 9.65 10
193 12 952 12
178 14 9.05 14
123 16 829 16
9.0 18 930 18
9.0 20 718 20
8.7 24 7.08 24
8.5 28 6.92 28
8.4 32 6.83 32
8.4 36 6.80 36
8.3 40 6.71 40
8.3 44  6.61 44
8.3 48 6.50 48
8.2 52 6.37 52

Figure 6aa Site 2 August 19

Temperature ~ Oxygen
Temp Depth Oxyger Depth
215 0 873 0
20.5 2 9.09 2
202 4 931 4
19.8 6 9.48 6
195 8 923 8
191 10 8.80 10
18.7 12 855 12
151 14 7.47 14
107 16 7.06 16
9.9 18 6.88 18
9.0 20 695 20
8.6 24 685 24
85 28 6.83 28
8.4 32 6.76 32
84 36 675 36
8.3 40 6.67 40
8.3 44 642 44
8.2 48 6.30 48
52 52

Depth (m;
n
8

Temperature (‘C)/DO(mg/L)
50 100 150 200 250

Temperature

------ Oxygen

00

50 100 150 200 250

Temperature

00

50 100 150 200 250

Temperature

------ Oxygen
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Figure 6bb Site 1 August 27 Figure 6cc Site 2 August 27

Temperature ~ Oxygen Temperature ~ Oxygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
23.7 0 8.67 0 23.7 0 8.84 0 00 50 100 150 200 250
225 2 949 2 DD‘,D 50 10.0 15.0 200 250 231 2 922 2
N R ae ¢ orn
206 8 902 8 8 199 8 898 8
195 10 829 10 12 194 10 846 10
80 12 716 12 o 187 12 790 12
13 1o &% 1o 2 130 1o &33 1o
96 18 546 18 2 98 18 560 18
91 20 554 20 2 R 91 20 563 20 2 A
86 24 516 24 86 24 569 24 s
28 28 e Oxygen 28 28 Oxygen
32 32 32 32
36 36 36 36
40 40 40 40
a4 a4
48 48

Figure 6dd Site 1 September 3
Temperature  Oxygen

52
Figure 6ee Site 2 September 3
Temperature  Oxygen

Temp Depth Oxyger Depth
0 8.82 0

00 50 100 150 200 250 20.8

Temp Depth Oxyger Depth
20.3 0 8.31 0

. 0 g .
20.3 4 8.40 4 4 20.8 4 8.95 4
202 6 850 6 8 4 207 6 9.07 6
18.8 8 7.21 8 12 20.7 8 8.83 8
183 10 752 10 6 206 10 877 10
178 12 721 12 20 191 12 785 12
14 14 24 161 14 649 14
16 16 140 16 6.15 16
18 18 28 113 18 6.10 18
20 20 32 I 107 20 611 20 44 Temperature
24 24 36 emersure 24 24 »
28 28 s Oxygen 28 28 | e Oxygen
32 32 32 32
36 36 36 36
40 40 40 40
44 44
48 48
52 52
Figure 6ff Site 1 September 5 Figure 6gg Site 2 September 5
Temperature  Oxygen Temperature ~ Oxygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
194 0 751 O 00 50 100 150 200 250 195 0 810 O 00 50 100 150 200 250
19.4 2 7.54 2 0+ 19.6 2 8.66 2 0
19.4 4 7.85 4 4 N 19.6 4 7.98 4 g
19.4 6 7.87 6 8 J 19.6 6 8.13 6
191 8 734 8 1 196 8 845 8 b
187 10 6.51 10 16 N 196 10 841 10 20
173 12 575 12 20 182 12 743 12 24
141 14 584 14 I : 168 14 596 14 2
106 16 541 16 ; 136 16 4.98 16 36
91 18 643 18 - 190.4 %g 4.31 %g 10
88 20 594 20 .1 4.91
86 24 521 24 36 Temperare 89 24 445 24 o femperature
85 28 484 28 e onygen 86 28 451 28 | T | ... oxygen
8.4 32 463 32 8.5 32 434 32
36 36 84 36 420 36
40 40 8.4 40 3.99 40
8.4 44 392 44
8.3 48 3.99 48
83 52 396 52
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Figure 6hh Site 1 September 12
Temperature  Oxygen
Temp Depth Oxyger Depth
21.1 0 8.61 0
201 2 911 2
19.5 4 9.84 4
191 6 994 6
18.8 8 9.62 8
186 10 931 10
184 12 885 12

181 14 949 14
147 16 7.99 16
106 18 7.35 18
9.5 20 6.01 20
8.9 24 575 24
8.6 28 563 28
8.5 32 523 32
8.4 36 465 36
84 40 248 40
8.5 44 1.46 44

Figure 6jj Site 1 September 20
Temperature  Oxygen
Temp Depth Oxyger Depth
17.7 0 8.86 0
179 2 826 2
18.0 4 8.37 4
179 6 831 6
17.9 8 8.22 8
171 10 7.81 10
173 12 7.48 12

168 14 750 14
146 16 6.89 16
119 18 6561 18
9.9 20 516 20
9.2 24 491 24
8.9 28 471 28
8.7 32 465 32
8.5 36 434 36

40 40

Depth (m)

o
°

Temperature (‘C)/DO(mg/L)
50 100 150 200 250

WN NN R e
RERXS860wao

a0
R

Temperature

------ Oxygen

Figure 6ii Site 2 September 12
Temperature  Oxygen
Temp Depth Oxyger Depth
21.2 0 8.35 0
205 2 822 2
19.4 4 8.81 4
193 6 891 6
19.0 8 8.77 8
189 10 874 10
185 12 830 12

175 14 748 14
151 16 645 16
100 18 590 18
9.3 20 495 20
8.8 24 494 24
8.6 28 482 28
8.5 32 452 32
8.5 36 436 36
84 40 421 40
8.4 44 419 44
83 48 4.09 48
8.3 52 393 52

Figure 6kk Site 2 September 20

Temperature  Oxygen
Temp Depth Oxyger Depth
18.1 0 8.24 0
181 2 844 2
18.1 4 8.31 4
179 6 828 6

1 18 6.75 18
9 20 473 20
3 24 376 24
9 28 329 28
8 32 320 32
7 36 301 36
8.8 40 261 40

Figure 6lI Site 2 September 26
Temperature ~ Oxygen
Temp Depth Oxyger Depth
174 0 898 O
174 2 917 2
174 4 933 4
173 6 917 6
173 8 9.09 8

172 14 916 14
148 16 9.03 16
102 18 447 18
9.5 20 386 20
8.9 24 379 24
8.7 28 374 28
8.7 32 333 32
8.6 36 341 36
8.6 40 311 40

Temperature (‘C)/DO(mg/L)
00 50 100 150 200 250

~ 18 S
E 20 :
T 24
=
E%
2 3
40
44
484 i Temperature
52
------ Oxygen
Temperature (C)/DO(mg/L)
00 50 100 150 200 250
0
4
8
12
. 16
£ 20 B
T 24 .
= :
g2l ¢
© 36 :

Temperature

------ Oxygen
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Figure 6mm Site 1 October 1
Temperature ~ Oxygen
Temp Depth Oxyger Depth
159 0 858 O
158 2 855 2
158 4 845 4

1 18 595 18
0 20 415 20
1 24 323 24
9 28 279 28
7 32 258 32

36 36

40 40

Figure 600 Site 1 October 3
Temperature  Oxygen
Temp Depth Oxyger Depth
16.0 0 8.56 0
161 2 894 2
16.0 4 9.10 4
157 6 923 6
15.7 8 9.12 8
156 10 911 10
156 12 897 12
155 14 9.06 14
153 16 9.17 16

105 18 511 18
9.4 20 387 20
9.1 24 326 24
8.8 28 317 28
8.7 32 284 32
8.4 36 126 36

40 40

Figure 6qq Site 1 October 12

Temperature ~ Oxygen
Temp Depth Oxyger Depth
147 0 9.08 0
14.6 2 1030 2
14.6 4 11.02 4
14.4 6 1129 6
14.3 8 1137 8
143 10 11.08 10
143 12 1086 12
142 14 10.88 14
141 16 1056 16
13.8 18 10.06 18
11.8 20 6.23 20
9.2 24 373 24
88 28 264 28
8.7 32 246 32
36 36
40 40

00 50

100

15.0

200

250

Figure 6nn Site 2 October 1

Temperature ~ Oxygen
Temp Depth Oxyger Depth
161 0 0

16.0 2 8.59 2
16.0 4 8.79 4
15.9 6 8.93 6
15.9 8 9.13 8
159 10 919 10
159 12 926 12
14 907 14
16 836 16
18 5.36 18

20 421 20

378 24
28 345 28
32 325 32
36 312 36

40 2.86 40
44 2.76 44
48 2.73 48
52 2.65 52

B
®®®ODPD®OO LG g
Moo DNNONO Lo
N
IN

Figure 6pp Site 2 October 3

Temperature  Oxygen
Temp Depth Oxyger Depth
15.6 0 8. 0

6

15.7 2 8.7 2
15.7 4 8.9 4
15.7 6 8.9 6
15.7 8 8.6 8
156 10 86 10
156 12 86 12
154 14 87 14
149 16 86 16
104 18 43 18
9.5 20 33 20
9.0 24 2.9 24
8.8 28 25 28
8.7 32 2.3 32
8.7 36 2.2 36
8.6 40 21 40
8.6

Figure 6rr Site 2 October 12
Temperature ~ Oxygen
Temp Depth Oxyger Depth
147 0 865 O
147 2 917 2
147 4 960 4
146 6 968 6
145 8 968 8

145 14 949 14
138 16 816 16
125 18 545 18
98 20 291 20
93 24 263 24
89 28 228 28
88 32 219 32
87 36 215 36
86 40 202 40
8.6 44 199 44
8.6 48 188 48
8.6 52 176 52

15.0

200

250

IS
3
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Figure 6ss Site 1 October 17 Figure 6tt Site 2 October 17

Temperature ~ Oxygen Temperature  Oxygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
%gg (2J l%?f‘l (2J OO‘.O 5.0 10.0 15.0 20.0 25.0 %g? (2J 190"9286 (2J OO‘.O 5.0 10.0 15.0 20.0 25.0
136 4 1024 4 . 137 4 1049 4 4
136 6 1032 6 . 137 6 1064 6 :
%gg 180 g'gg 180 12 %g; 180 ig'g; 180 1
. . . . 20 .
134 12 1034 12 bt 137 12 1061 12 24
134 14 1026 14 20 136 14 1011 14 28
133 16 1034 16 2 135 16 1010 16 2
131 18 10.63 18 28 131 18 919 18 0
102 20 282 20 32 121 20 6.66 20 44
90 24 223 24 36 9.4 24 317 24 i
88 28 218 28 40 90 28 218 28
87 32 207 32 89 32 198 32
36 36 88 36 182 36
40 40 87 40 169 40
87 44 151 44
86 48 139 48
86 52 139 52
Figure 6uu Site 1 Og.ober 23 Figure 6vv Site 2 Ocotober 23
Temperature xygen Temperature xygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
%gg g ggg g DDID 50 10.0 15.0 200 250 15(7] g gg% g DDID 50 10.0 15.0 200 250
129 4 869 4 . 130 4 877 4 2
129 6 871 6 . 130 6 88l 6 2
129 8 864 8 130 8 873 8
129 10 963 10 2 130 10 868 10 P
128 12 863 12 e 129 12 857 12 24 T
128 14 862 14 2 127 14 855 14 284§
127 16 867 16 2 129 16 830 16 2
126 18 849 18 289 126 18 838 18 20
125 20 842 20 a2 1 100 20 846 20 a4
94 24 266 24 36 91 24 244 24 21!
90 28 181 28 40 90 28 187 28
88 32 142 32 89 32 160 32
87 36 124 36 88 36 143 36
85 40 071 40 87 40 126 40
84 44 063 44 87 44 117 44
87 48 110 48
87 52 104 52

Figure 6ww Site 1 October 29

Figure 6xx Site 2 October 29

Temperature ~ Oxygen Temperature ~ Oxygen

Temp Depth Oxyger Depth Temp Depth Oxyger Depth

128 2 iigi (ZJ OO‘.O 5.0 10.0 15.0 20.0 25.0 %%g (ZJ igig (ZJ OO‘.O 5.0 10.0 15.0 20.0 25.0
111 4 1473 4 . : 113 4 1522 4 4 :
111 6 1472 6 . : 113 6 1523 6 8 {
7 1o 1472 10 2 P I3 1o 1346 10 i g
. . . . pod

112 12 1460 12 bt . 113 12 1522 12 2]

103 14 834 14 2071, 11.3 14 1401 14 2841 !

100 17 632 17 249 i 102 17 710 17 32

93 19 403 19 270 92 19 463 19 >

89 21 287 21 32 92 21 335 21 24

88 23 247 23 36 9.0 23 305 23 48

88 25 234 25 40 90 25 256 25 52

87 27 227 27 88 27 245 27

87 29 225 29 88 29 232 29
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Figure 6yy Site 1 November 12 Figure 62z Site 2 November 12

Temperature  Oxygen Temperature ~ Oxygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
gg g 1904111 g DD‘YD 5.0 15.0 20.0 25.0 gg g gzi g DD‘YD 5.0 15.0 20.0 25.0
9.2 4 9.21 4 4 9.3 4 9.01 4 4
9.2 6 9.22 6 M 9.3 6 9.01 6 8
9.2 8 9.24 8 9.3 8 8.79 8 12
92 10 922 10 - 93 10 881 10 1
9.3 12 932 12 2 9.3 12 890 12 24
9.3 14 931 14 9.3 14 887 14 28
9.3 16 9.29 16 24 9.3 16 8.84 16 32
93 18 928 18 x 93 18 884 18 b g
9.3 20 9.26 20 9.3 20 882 20 44
9.3 24 931 24 36 9.3 24 874 24 a8 41
9.2 28 943 28 40 9.3 28 861 28 52
9.3 32 954 32 9.2 32 815 32
9.2 36 954 36 9.1 36 501 36
92 40 959 40 9.0 40 327 40
8.9 44 146 44
8.8 48 071 48
8.8 52 057 52
Figure 6aaa Site 1 25 Figure 6bbb Site 2 November 25
Temperature ~ Oxygen Temperature ~ Oxygen
Temp Depth Oxyger Depth Temp Depth Oxyger Depth
;2 2 1907689 (2J 0.0 5.0 10.0 15.0 20.0 25.0 ;i (2J ;ig (2J 0.0 5.0 10.0 15.0 20.0 25.0
81 4 976 4 ; ; 82 4 709 4 . :
8.1 6 9.62 6 M H 8.3 6 6.99 6 8
81 10 9% 10 = f 85 10 es 10 .
X . : - - 20 i
81 12 953 12 1 ; 83 12 689 12 24 :
81 14 949 14 20 : 83 14 691 14 28 ;
8.1 16 949 16 ig : 8.3 16 6.90 16 gé H
8.1 18 9.49 18 - : 8.3 18 6.90 18 20
8.1 20 947 20 8.3 20 6.88 20 a4 :
8.1 24 946 24 36 ' 8.3 24 687 24 48 :
8.1 28 954 28 40 8.3 28 670 28 52 '
8.0 32 961 32 8.3 32 6.70 32
7.8 36 962 36 8.3 36 678 36
40 40 8.3 40 6.82 40
8.3 44  6.81 44
8.3 48 6.81 48
8.3 52 681 52
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Figure 7: Zones of Tolerance for Oncorhynchus nerka in Skaha and Osoyoos Lakes

Figure 7a Skaha Lake Site 2 Gillies
Temp (17 "C) DO (4 mgl/L)
Month Depth Month Depth

J

F F

M M
A10 0 A10 53
A25 0 A25 53
M8 0 M8 53
M23 0 M23 53
M28 0 M28 53
Jn7 0 Jn7 53
Jnll 0 Jnll 53

S3 12 S3 53

S5 14 S5 53
S12 14 S12 44
S22 14 S22 53
S27 0 S27 53
o1 0 01 53
03 0 03 53
017 0 017 53
031 0 031 53
N12 0 N12 53
N27 0 N27 53
D D

*max depth, assume > 4mg/L

Figure 7b Skaha Lake Site 3 South Basi

Temp (17 "C) DO (4 mg/L)
Month Depth Month Depth
J J

F F

M M
A10 0 A10 37
A25 0 A25 37
M9 0 M9 37
M23 0 M23 37
Jn7 0 Jn7 37
Jnll 0 Jnll 37
Jn19 8 Jnl19 37
Ji1o0 10 Ji1o 37
Ji23 8 Ji23 37
A9 12 A9 37
A18 12 A18 37
A21 14 A21 37
A30 14 A30 37
S5 12 S5 37
S22 18 S22 37
o1 0 o1 37
03 0 03 37
o017 0 0177 37
031 0 031 37
N12 0 N12 37
N27 0 N27 37

D D

*max depth, assume > 4mg/L

Depth (m)

Temp. (C)/0Oxygen (mg/L)

P PARPO DD o N
3@?51'@3(\3(\3\3\?:\/‘?{56 eq’ooé

—&— Temp (17 0C)

——DO (4 mg/L)

Depth (m)

Temp. (C)/Oxygen (mg/L)

2 P YN o D o6 N NN
R RN R P S L A AN

12 4

—&— Temp (17 OC)

——DO (4 mg/L)

W W NNDNPE
O N 0O b~ OO
| | | | | |




Figure 7c Osoyoos Lake Site 2 Monashee Co-op

Temp (17 "C) DO (4 mgl/L)
Month Depth Month Depth
J

|C| |C| Temp. (C)/Oxygen (mg/L)
A10 0 A10 60
A24 0 A24 60 > ¥ N o A N AN RN I NN
M8 0 M8 60 S N MY w9009
M22 0 M22 60
Jné 0 Jn6 60 0
Jn10 0 Jnl1l0 60 4
Jn18 10 Jn18 60
J9 12 J9 60 8 1
J22 12 Ji22 60 12 -
A7 12 A7 60
A8 14 A8 60 16 ~
Al17 16 A17 60 20
Al19 14 A19 60 ~
A27 14 A27 60 * £ 241
S5 14 S5 60 = 28 AT AT
S12 16 S12 60 s 32 —%—D0 (4 mo/)
S20 18 S20 20 2
S26 16 S26 18 a 36
03 0 O3 18 40 -
012 0 012 18
017 0 017 20 44
023 0 023 20 48 -
029 0 029 19 52 |
N12 0 N12 36
N25 0 N25 60 56 1
D D 60 -
*measured only to 24m assume above 4mg/L to bottom
Figure 7d Osoyoos Lake Site 1 North Basin
Temp (17 "C) DO (4 mg/L)
Month Depth Month Depth
ﬂ ﬂ Temp. (C)/Oxygen (mg/L)
M M 2 8 2 ¥ © 2 % 5 8 & o 5K owd 8 40 858888
A10 O A10 37 O:vu§((§§Ev—:»—=v=»=v<<<<mmmmococcozza
A24 0 A24 37
M8 0 M8 37 *
M22 0 M22 37 4 A
Jn 6 0 Jné 37
Jn10 0 Jnl10 37 8 -
Jn18 2 Jnl18 37
J9 12 J9 37
J22 12 J22 37 12
A7 14 A7 37
A8 14 A8 32 — J
Al7 14 A17 32 £ 16
A27 14 A27 37 ~ 0O (4 mart)
S3 14 S3 37 S 20 4
S5 14 S5 37 Q
S12 16 S12 36 8 24
S20 14 S20 36
01 0 O1 20
03 0 03 18 28
012 0 012 20
017 0 017 18 32
023 0 023 20
029 0 029 19 /(_)\
N12 0 N12 37 36 1
N25 0 N25 37
D D 40 -

*assumed




Figure 8a: Total Nitrogen Levels at O to 10m for Skaha Lake

Year Month Site 2 Site 3

2002 'J: 04
M 203
A 0.18 0.19 > ——Site 2
M 0.20 0.19 £ 0.2 Site 3
J 0.21 0.20 Z 01 1 B-—Site
J 0.28 0.25 =
A 0.21 0.21 0 T T T T T U
s 0.19 0.20
o 0.34 0.07 EER R RS
N 0.19 0.20 Month
D

Average 0.23 0.19
Figure 8b: Total Nitrogen Levels at 20m for Skaha Lake

Year Month Site 2 Site 3

2002 'J: 0.3
v -
A 0.19 0.19 = 0.2 1 —B—Site 2
M 0.20 0.19 S .
J 0.24 0.18 = 0.1 —&— Site 3
J 0.20 0.19 =
A 0.20 0.19 0 — —
s 0.19 0.19
o 0.15 0.07 SN D 9
N 0.19 0.21 Month
D

Average 0.20 0.18

Figure 8c: Total Nitrogen Levels at Deep Sections for Skaha Lake

Depth 45m 36m
Year Month Site 2 Site 3
2002 J
= 0.3
—
M -
3 0.2 :
A 0.18 0.18 gﬂ . —8—Site 2
M 0.18 0.22 £ .
i —A—
J 0.17 0.18 = 0.1 Site 3
J 0.26 0.17 =
A 0.17 0.19 0 — —
s 0.17 0.20 N N
o) 0.08 0.12 S 2 <
N 0.20 0.25 Month
D
Average 0.18 0.19
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Figure 8d: Total Nitrogen Levels at 0 - 10 m for Osoyoos Lake

Year
2002

Month

OzZ0unrwcae >IN o

Average

Site 1

0.22
0.24
0.24
0.38
0.22
0.25
0.36
0.25

0.27

Site 2

0.22
0.24
0.23
0.21
0.23
0.28
0.13
0.24

0.22

Figure 8e: Total Nitrogen Levels at 20 m for Osoyoos Lake

Year
2002

Month

Ugzonr»wcuI>»INa

Average

Site 1

0.21
0.21
0.22
0.19
0.22
0.20
0.20
0.25

0.21

Site 2

0.21
0.20
0.22
0.28
0.20
0.19
0.18
0.25

0.22

0.4
303 - :
=] —a—
£ 021 Site 1
‘Z’ —+—Site 2
£ 0.1
0 +—r———"r—+—"++—
BRI R T Z IR
Month
0.3
g “’M
g: 0.2 1 —=—Site 1
Z 0.1 —+— Site 2
|_
O T T T T T T T T
YA QY 5
Month

Figure 8f: Total Nitrogen Levels at Deep Sections for Osoyoos Lake

Year
2002

24m

Depth
Month

Ugzonr»wcuI>»ZINa

Average

32m
Site 1

0.19
0.21
0.21
0.20
0.22
0.25
0.26
0.24

0.22

45m
Site 2

0.21
0.20
0.21
0.21
0.25
0.30
0.30
0.31

0.25

TN (mg/L)

© o oo
R N W s
| I R—

—8—Site 1
—+—Site 2
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Figure 9a: Nitrate-Nitrogen levels at 0-10m for Skaha Lake

Year
2002

Month

Oz0o0nrcaI >IN

Average

Site 2

0.002
0.002
0.005
0.002
0.005
0.002
0.002
0.002

0.003

Site 3

0.002
0.002
0.005
0.002
0.004
0.002
0.002
0.002

0.003

0.006

NO; (mg/L)

0.004 -
0.002 -

0

YA QY 5

—— Site 2
—8—Site 3

Month

Figure 9b: Nitrate-Nitrogen Levels at 20m for Skaha Lake

Year
2002

Month

OzZ0unr o> Mo

Average

Site 2

0.002
0.002
0.005
0.002
0.005
0.002
0.002
0.003

0.003

Site 3

0.002
0.002
0.004
0.002
0.006
0.008
0.002
0.004

0.004

—~

=

~
(@]

NO

0.01
0.008 1
2 0.006 -
~ 0.004
0.002 1

0

Y QDY o

—8—Site 2
—A— Site 3

Month

Figure 9c: Nitrate-Nitrogen Levels at Deep Sections for Skaha Lake

Year
2002

Depth
Month

OzZzZ0o0unrcwcau > 11w

Average

45m
Site 2

0.002
0.002
0.007
0.002
0.005
0.004
0.002
0.003

0.003

36m
Site 3

0.002
0.002
0.013
0.002
0.005
0.024
0.034
0.003

0.011

g/L)

NO; (m

0.04
0.03
0.02
0.01

0

PSRXQ DY 5
Month

—8—Site 2
—A— Site 3
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Figure 9d: Nitrate-Nitrogen Levels at 0 - 10 m for Osoyoos Lake

Year
2002

Month

Uzonwr»c e >N

Average

Site 1

0.002
0.002
0.003
0.002
0.003
0.005
0.002
0.010

0.004

Site 2

0.002
0.002
0.007
0.002
0.003
0.002
0.002
0.016

0.005

NO; (mg/L)

0.02
0.015 -
0.01 -
0.005 -
0

—8—Site 1
——Site 2

RN N T
Month

Figure 9e: Nitrate-Nitrogen Levels at 20 m for Osoyoos Lake

Year
2002

Month

UzouwrcwZT>ZNa

Average

Site 1

0.002
0.002
0.002
0.002
0.004
0.002
0.066
0.009

0.011

Site 2

0.002
0.002
0.003
0.002
0.003
0.002
0.065
0.015

0.012

NO5 (mg/L)

0.08

0.06 -

0.04 -

0.02 -

O,

R N S
Month

—8—Site 1
—+— Site 2

Figure 9f: Nitrate-Nitrogen Levels at Deep

Year
2002

24m

Depth
Month

Uzonwr»cceZ>Z T

Average

32m
Site 1

0.002
0.002
0.006
0.002
0.002
0.009
0.111
0.002

0.017

45m
Site 2

0.002
0.003
0.002
0.006
0.002
0.044
0.121
0.094

0.034

Sections for Osoyoos Lake

NO; (mg/L)

0.15
0.1 —8—Site 1
0.05 A ——Site 2
0 -

SR 5
Month

20f2




Figure 10a: Total Phosphorous Levels at 0 to 10m for Skaha Lake

Year
2002

Month

Ozonr > T @

Average

Site 2

0.005
0.007
0.010
0.005
0.008
0.010
0.005
0.010

0.008

Site 3

0.011
0.009
0.016
0.005
0.007
0.005
0.007
0.006

0.008

0.03
0.025 -
0.02

——Site 2
—8— Site 3

Figure 10b: Total Phosphorous Levels at 20m for Skaha Lake

Year
2002

Month

OzZzo0onr»r e >IN w

Average

Site 2

0.015
0.005
0.010
0.005
0.014
0.009
0.006
0.008

0.009

Site 3

0.009
0.009
0.009
0.004
0.007
0.008
0.005
0.012

0.008

0.03

—B8— Site 2
—A— Site 3

Figure 10c: Total Phosphorous Levels at Deep Sections for Skaha Lake

Year
2002

Depth
Month

Ozonr > T @

Average

45m
Site 2

0.005
0.005
0.006
0.003
0.007
0.004
0.006
0.008

0.006

36m
Site 3

0.006
0.009
0.009
0.006
0.010
0.012
0.015
0.012

0.010

—8— Site 2
—A— Site 3
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Figure 10d: Total Phosphorous Levels at 0 - 10 m for Osoyoos Lake

Year
2002

Month

OzZzo0onr»r >IN o

Average

Site 1

0.009
0.015
0.018
0.020
0.013
0.010
0.016
0.023

0.016

Site 2

0.008
0.007
0.013
0.017
0.012
0.008
0.006
0.019

0.011

TP (mg/L)

0.03
0.025 A
0.02
0.015 -
0.01 A
0.005 -

0

—B—Site 1
——Site 2

YA QD o

Month

Figure 10e: Total Phosphorous Levels at 20 m for Osoyoos Lake

Year
2002

Month

Ozounr > T @

Average

Site 1

0.012
0.008
0.012
0.004
0.010
0.009
0.011
0.022

0.011

Site 2

0.009
0.007
0.010
0.014
0.009
0.005
0.013
0.019

0.011

—8—Site 1
——Site 2

Figure 10f: Total Phosphorous Levels at Deep Sections for Osoyoos Lake

Year
2002

24m

Depth
Month

OzZzo0onr»r >IN o

Average

32m
Site 1

0.007
0.012
0.009
0.005
0.019
0.012
0.022
0.018

0.013

45m
Site 2

0.009
0.012
0.009
0.019
0.021
0.026
0.032
0.034

0.020

—~~

-

=
(@]

~

[a
[

0.1

0.08 -
0.06 -
0.04 -
0.02 -

—B—Site 1
—+— Site 2
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Figure 11a: Total Dissolved Phosphorous Levels at 0 to 10m for Skaha Lake

Year Month Site 2 Site 3
2002 J
. 0.015
—
M =S
A 0.006 0.003 g 0.01 1 ——Site 2
M 0.006 0.004 = .
J 0.007 0.009 Q 0.005 - 8- Site 3
J 0.004 0.007 E
A 0.010 0.005 0
s 0.007 0.004 N ~
o) 0.009 0.011 S 2 =
N 0.004 0.003 Month
D
Average  0.007 0.006

Figure 11b: Total Dissolved Phosphorous Levels at 20m for Skaha Lake

Year Month Site 2 Site 3
2002 J
F ~ 0.008
M S, 0.006 -
A 0.002 0.005 £ —8—Site 2
M 0.005 0.004 < 0.004 Site 3
J 0.006 0.006 o A Site
A 0.002
J 0.005 0.003 =
A 0.004 0.007 0 — —
S 0.005 0.004
o] 0.007 0.007 SN D 9w
N 0.005 0.007 Month
D
Average 0.005 0.005

Figure 11c: Total Dissolved Phosphorous Levels at Deep Sections for Skaha Lake

Depth 45m 36m
Year Month Site 2 Site 3
2002 J
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Figure 11d: Total Dissolved Phosphorous Levels at 0 - 10 m for Osoyoos Lake
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Figure 11e: Total Dissolved Phosphorous Levels at 20 m for Osoyoos Lake
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Figure 11f: Total Dissolved Phosphorous Levels at Deep Sections for Osoyoos Lake
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Figure 12a: Total Nitrogen:Total Phosphorous Ratio for Skaha Lake
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Figure 12bh: Total Nitrogen:Total Phosphorous Ratio for Osoyoos L:
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Figure 13a: NO3/TDP ratio at 0 to 10m for Skaha Lake
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Figure 13b: NO3/TDP ratio at 0 to 10m for Osoyoos Lake
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Figure 15a: Silica Levels at 0 to 10m for Skaha Lake

Year Month Site 2 Site 3
2002 J
F ~ 8
M a 6 .
A 3.2 31 £ —— Site 2
M 4.0 3.7 = 4 1 )
J 5.5 5.4 S 5 | 8- Site 3
J 5.7 5.6 7
A 6.4 6.3 0 T T T T T T T T T T T
s 5.9 5.9
o 59 58 JFMAMIJJASOND
N 53 52 Month
D
Figure 15b: Silica Levels at 20m for Skaha Lake
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Figure 15c: Silica Levels at Deep Sections for Skaha Lake
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Figure 15d: Silica Levels at 0 - 10 m for Osoyoos Lake
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Figure 15e: Silica Levels at 20 m for Osoyoos Lake
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Figure 15f: Silica Levels at Deep Sections for Osoyoos Lake
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Figure 16a. Community structure of zooplankton by weighted mean density (April-
November 2002) in Skaha Lake.
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Figure 16b. Community structure of zooplankton by weighted mean density (April-
November 2002) in the north basin of Osoyoos Lake.
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Figure 17a. Community structure of zooplankton by weighted mean species biomass
(April-November 2002) in Skaha Lake.
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Figure 17b. Community structure of zooplankton by weighted mean species biomass
(April-November 2002) in the north basin of Osoyoos Lake.
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Figure 18. Weighted mean length of zooplankton (+/- 1 standard deviation) in Skaha and

Osoyoos Lakes.
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Figure 19. Seasonal (April-November 2002) weighted mean zooplankton density by size
frequency in Skaha and Osoyoos Lakes.
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Figure 20. Mysis relicta weighted densities from April to November
2002 in Skaha Lake and North Basin of Osoyoos Lake.
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Figure 21. Weighted mean lengths of Mysis relicta in Skaha and
North Basin of Osoyoos Lake from April to November 2002.
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Figure 22. Mysis relicta weighted biomass from April-November
2002 in Skaha Lake and North Basin of Osoyoos Lake.
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Figure 23. Typical Acoustic Survey with Interpretation




Skaha Lake April 23, 2002
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Osoyoos Lake April 25, 2002
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Figure 24a. April diel migration monitoring for Skaha and Osoyoos Lakes®

! diamonds are upper M. relicta scattering layer at survey time, shaded areais O. nerka concentrations, and dashed
lines are sunset/sunrise times
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Figure 24b. May diel migration monitoring for Skaha and Osoyoos Lakes




Skaha Lake June 27, 2002
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Osoyoos Lake June 25, 2002
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Figure 24c. June diel migration monitoring for Skaha and Osoyoos Lakes




Skaha Lake July 17, 2002
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Figure 24d. July diel migration monitoring for Skaha and Osoyoos Lakes
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Figure 24e. August (middle) diel migration monitoring for Skaha and Osoyoos Lakes




Skaha Lake August 30, 2002
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Figure 24f. August (late) diel migration monitoring for Skaha and Osoyoos Lakes



Skaha Lake September 27, 2002
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Osoyoos Lake September 25, 2002
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Figure 24g. September diel migration monitoring for Skaha and Osoyoos Lakes
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Figure 25. Monthly percent frequency of M. relicta presence in O. nerka stomach
samples (0") from August to February for Skaha and Osoyoos Lakes.
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Figure 26. Monthly percent frequency of M. relicta presence in O. nerka stomach
samples (older age classes) from July to November for Skaha and Osoyoos Lakes.





