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ABSTRACT 

Stockwell, M. M., Hyatt, K. D., Alex, K., Louie, C., and Machin, D. 2020. Methods and Summary 
Observations of Okanagan Sockeye Salmon Spawn Timing, Fry Emergence, and 
Associated Water Temperatures (Brood Years 2002-2018). Can. Data. Rep. Fish. Aquat. 
Sci. 1300: vii + 61 p. 

 
Annual observations of Sockeye Salmon (Oncorhynchus nerka) spawning, fry emergence, and 
associated water temperatures were collected from the Okanagan River near Oliver, British 
Columbia, Canada from 2002 to 2018. These data were required to support operational 
deployment of the Okanagan Fish and Water Management Tool (FWMT) Decision Support 
System (DSS) and to validate its sub-model predictions of peak adult spawn-timing and fry 
emergence-timing for wild-origin Okanagan Sockeye Salmon that rear in Osoyoos Lake. The 
FWMT Sockeye sub-model uses observed and predicted daily mean water temperatures to 
estimate the timing of peak spawning activity in the fall and of subsequent fry emergence in the 
spring. 
 
Standardized visual surveys of variations in adult Sockeye spawner abundance were completed 
on an approximately weekly basis between late September and early November of each year. 
Escapement data (live and dead fish) are summarized in this document by survey date and 
location in the Okanagan River. Additional data on redd counts (2002-2011) and adult 
behaviour (holding or spawning status, 2004-2018) are also presented. Emergent and actively 
migrating Sockeye fry were captured during weekly, nighttime sampling with fyke-nets, below 
the Okanagan River spawning grounds, between March and early May of each year. Sub-sets of 
captured fry were sent to the Okanagan Nation Alliance laboratory for further analysis of 
biological traits (i.e. developmental stage and mean total length). Annual results on fry 
abundance and developmental stage by survey date are also presented here.  
  
Continuous, daily mean water temperature data are monitored at two Water Survey of Canada 
(WSC) hydrometric gauges located in the Okanagan River near the terminal spawning grounds. 
HOBO® Data Loggers have been deployed in the surface gravel of the river at multiple 
locations (mainly the uppermost reach of the spawning grounds) between 2001 and 2015. 
Additionally, 7 individual data loggers were deployed throughout the Index Section of the 
spawning grounds at variable depths during the 2000-2001 incubation year to assess potential 
spatial variability in thermal conditions. Daily mean water temperature data from all monitoring 
programs are summarized in this report by spawning and incubation period (September 15 to 
May 15 the following year). 
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RÉSUMÉ 

Stockwell, M. M., Hyatt, K. D., Alex, K., Louie, C., and Machin, D. 2020. Methods and Summary 
Observations of Okanagan Sockeye Salmon Spawn Timing, Fry Emergence, and 
Associated Water Temperatures (Brood Years 2002-2018). Can. Data. Rep. Fish. Aquat. 
Sci. 1300: vii + 61 p. 

 
Des observations annuelles du frai du saumon rouge (Oncorhynchus nerka), de l’émergence des 
alevins et des températures correspondantes de l’eau ont été recueillies dans la rivière 
Okanagan, près d’Oliver (Colombie-Britannique, Canada) de 2002 à 2018. Ces données étaient 
nécessaires pour appuyer le déploiement opérationnel du Système d’aide à la décision (SAD) de 
l’Outil de gestion des eaux et des poissons dans l’Okanagan (FWMT) et pour valider les 
prévisions, par son sous-modèle, de la période de frai de pointe des adultes et de la période 
d’émergence des alevins pour le saumon rouge d’origine sauvage de l’Okanagan qui se 
reproduit dans le lac Osoyoos. Le sous-modèle du FWMT pour le saumon rouge utilise les 
températures moyennes quotidiennes observées et prévues de l’eau pour estimer le moment de 
l’activité de frai de pointe à l’automne et de l’émergence subséquente des alevins au printemps. 
 
Des relevés visuels normalisés des variations de l’abondance des reproducteurs adultes ont été 
effectués tous les ans, environ chaque semaine entre la fin septembre et le début novembre. 
Les données sur les échappées (poissons vivants et morts) sont résumées dans le document 
par date et lieu de relevé dans la rivière Okanagan. Des données supplémentaires sur les 
nombres de nids de frai (2002-2011) et le comportement des adultes (rassemblement ou état 
de frai, 2008-2018) sont également présentées. Des alevins de saumon rouge émergents et en 
migration active ont été capturés au cours d’un échantillonnage hebdomadaire nocturne réalisé 
à l’aide de verveux, en aval des frayères de la rivière Okanagan, chaque année entre mars et 
début mai. Des sous-ensembles d’alevins capturés ont été envoyés au laboratoire de 
l’Okanagan Nation Alliance pour une analyse plus poussée des caractéristiques biologiques (c.-
à-d. stade de développement et longueur totale moyenne). Les résultats annuels concernant 
l’abondance et le stade de développement des alevins par date de relevé sont également 
présentés ici.  
  
Deux jauges hydrométriques de Relevés hydrologiques du Canada (RHC) situées dans la rivière 
Okanagan, près des frayères de l’estuaire, surveillent en continu la température moyenne 
quotidienne de l’eau. Des enregistreurs de données HOBOMD ont été déployés dans le gravier de 
surface de la rivière à plusieurs endroits (principalement dans le tronçon supérieur des frayères) 
entre 2001 et 2015. De plus, sept enregistreurs de données individuels ont été posés dans le 
tronçon de référence des frayères à des profondeurs variables au cours de l’année d’incubation 
2000-2001 afin d’évaluer la variabilité spatiale potentielle des conditions thermiques. Les 
données moyennes quotidiennes de la température de l’eau de tous les programmes de 
surveillance sont résumées dans le présent rapport par période de frai et d’incubation (du 15 
septembre au 15 mai de l’année suivante). 
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INTRODUCTION 

The Okanagan River in British Columbia and Wenatchee River in Washington State support the 
only two remaining self-sustaining Sockeye Salmon populations out of more than a dozen that 
historically returned to the Columbia River (Fulton 1970, Fryer 1995). A third remnant stock, 
comprising less than 0.1% of current Columbia Sockeye that returns to the Snake River, is listed 
under the US Endangered Species Act, and is maintained through hatchery production. Fryer 
(1995) and Hyatt and Rankin (1999) provide further details regarding historic abundance, 
biological traits, and factors leading to the general decline of Columbia and Okanagan Sockeye 
respectively. In the latter case, average returns to Canadian portions of the Okanagan Basin, 
between the years 1975-2000, were inadequate to sustain even small ceremonial and 
subsistence fisheries by First Nations (Bijsterveld and James 1986).  
 
In 1997, the Okanagan Nation Alliance (ONA), a First Nations Council in Canada, convened a 
workshop of salmon experts to discuss:  

 Factors contributing to the historic decline of salmon returns to the Okanagan River;  
 The ONA vision to restore anadromous salmon populations throughout their ancestral 

range in the Okanagan basin;  
 The feasibility of restoring existing and extirpated populations of Okanagan salmon. 

 
Following the 1997 workshop, personnel from the ONA, Fisheries and Oceans Canada (DFO), 
and British Columbia’s Forests, Lands, Natural Resource Operations, and Rural Development 
(BC-FLNRORD) Ministry agreed to pool resources and expertise to form the three-party 
Canadian Okanagan Basin Technical Working Group (COBTWG) dedicated to sustainable 
management and restoration of fish populations and freshwater ecosystems in Canada’s 
Okanagan Basin. Beginning in 1998, COBTWG facilitated the ongoing development of an 
integrated plan that has helped guide the identification, implementation and assessment of 
outcomes from a suite of salmon restoration projects (reviewed in Hyatt and Stockwell 2019). 
One of these projects, Fish-and-Water Management Tools (FWMT) was designed to improve 
“fish-friendly” flows in the regulated Okanagan Lake and River System (OLRS) as a means of 
contributing to rebuilding the population of wild-origin, Osoyoos Lake Sockeye Salmon (Hyatt et 
al. 2001, Hyatt et al. 2015).  
 
The FWMT project created a decision support system (DSS) consisting of a coupled set of four 
biophysical sub-models of key relationships (among climate, hydrology, fish, water supply and 
property) that interact with a fifth water management “rules” sub-model used to predict the 
potential consequences of water management decisions for fish and other water users. FWMT 
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software (Alexander et al. 2018) allows system users to explore potential impacts of water 
management decisions by employing current data (real-time mode), historic data (retrospective 
mode) or synthetic, future data (prospective mode). The Sockeye Salmon sub-model within the 
FWMT-DSS (Hyatt et al. 2013) uses current year observations and/or predictions of adult 
Sockeye Salmon spawn timing and fry emergence timing to establish the year-specific, calendar 
interval during which incubating Sockeye eggs and alevins will be potentially vulnerable to 
losses due to either flood-and-scour or drought-and desiccation events. Historically, a significant 
portion of these events has been a consequence of conflicted water management decisions (see 
Hyatt and Stockwell 2010, Alexander et al. 2018, Hyatt et al. 2015 for details). Data 
summarized in the current report were gathered to support real-time use of the FWMT-DSS as 
well as to provide direct observations of adult Sockeye spawn timing and fry emergence to test 
the reliability of FWMT sub-model predictions for timing of these life history events.    
 
 

STUDY AREA 

The Okanagan Lake and River System (OLRS) lies within a valley in south-central British 
Columbia, bounded by the Monashee Mountains, Okanagan Highlands, and the Thompson 
Plateau.  The basin is characterized by a series of six large lakes joined by rivers, all set in a 
north to south, chain configuration along the valley bottom. Wood (900 ha) and Kalamalka 
(2570 ha) lakes drain into  Okanagan Lake (35,000 ha) from the northeast. At its southern end, 
Okanagan Lake drains into the Okanagan River which flows through Skaha (1960 ha), Vaseux 
(290 ha), and then Osoyoos (2320 ha) lakes (Figure 1). Osoyoos Lake, at the bottom of the 
chain, straddles the international border with the United States. From here, the watershed 
drains into the Okanogan River (U.S. spelling) in Washington State, on through to the Columbia 
River, and ultimately out to the Pacific Ocean near Astoria, Oregon.  
 
The OLRS is a snowmelt-dominated system, with a spring freshet that occurs from April through 
June, accounting for as much as 90% of the annual inflows (Dobson 2004).  By July, the 
freshet declines and inflows to the system remain very low for the summer, fall, and following 
winter.  Because of the arid to semi-arid climate in the valley, most summer precipitation 
evaporates or soaks into the ground and does not contribute directly to surface water flow. The 
wide fluctuations between spring and summer flows are moderated by water regulation at a 
series of dams in the basin. Penticton Dam at the outlet of Okanagan Lake is the main control 
point; however, water levels and river flow can be manipulated to a minor extent by adjusting 
floodgates on dams at Skaha (Okanagan Falls Dam) and Vaseux lakes (McIntyre Dam). Zosel 
Dam, at the outlet of Osoyoos Lake, is controlled by the Washington Department of Ecology 
primarily to maintain seasonal target lake levels that are mandated by the International Joint 
Commission (Bourget and Claman 1998).  
 
The Okanagan River has been significantly altered by land development (e.g. agricultural, 
urban) and construction of numerous irrigation and flood control dams. Much of the river’s 
length has been straightened and is now confined to a flood control channel by dikes.  
Compared to their historic state (pre-1950’s), channel length and aquatic habitat area have 
been reduced by 53%, associated wetland area has been reduced by 88%, and the average 
gradient has roughly doubled from about 0.1% to 0.19% (Gaboury 2002). Readers should see 
Symonds (2000) for a more thorough chronology of development and change to water 
management in the OLRS. 
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Okanagan River Sockeye Salmon 

Sockeye Salmon return to the Okanagan Basin to spawn following two years in the Pacific 
Ocean. On average, 95% of the population of returning adults are 4-year-old fish with the 
remaining 5% being made up of 3- and 5-year olds. However, in some years, an unusually, 
large proportion of fish have returned as 3-year-old jacks and jills (e.g. 2007-28%, 2011-18%, 
2013-17%; M. Stockwell unpublished data). Hyatt et al. (2003) provide additional details 
regarding seasonal migration timing through the Columbia River and factors influencing 
successful returns to terminal spawning areas in the Okanagan River. Wild1, adult Sockeye 
spawn principally in the Okanagan River between Osoyoos and Skaha Lakes (Figure 1) during 
October. Fry emerge during late April to early May and migrate downstream to the lake where 
they rear for one year. Smolts leave Osoyoos Lake, commonly in the last week in April, to 
continue their downstream migration to the Pacific Ocean. Okanagan Sockeye spawning and 
juvenile rearing occurs exclusively in the Canadian portions of the Okanagan basin.  
 

Spawning Ground Description    

The majority of Sockeye Salmon (>75%) spawn in the 24 km section of the river between 
Vaseux and Osoyoos Lakes. However, the highest quality spawning habitat is located in a much 
smaller, 8 km reach of natural and semi-natural river between McIntyre Dam and the town of 
Oliver, B.C. A 4 km natural reach (McIntyre Dam to Hwy 97 Bridge; Figure 1) remains unaltered 
by channelization and still includes broad areas of riparian vegetation, numerous gravel bars, 
vegetated islets, and side channels. These features work to create natural pools, riffles, and 
glides of variable depths and variable water velocities throughout the reach (Long et al. 2006). 
Below this, a semi-natural section (4 km) of river is bounded by set-back dikes that allow some 
natural meanders, side channels, and riparian vegetation. These two sections together are 
identified as an Index Section for the purpose of adult enumeration surveys (Hyatt and Rankin 
1999, Stockwell and Hyatt 2003).   
 
The remainder of the river has been channelized with heavily riprapped dikes on each side built 
to contain rapidly moving water during freshets that consequently exert sufficient force to 
induce gravel scour (> 28.3 m3/sec; Alexander et al. 2018) and loss of incubating salmon eggs 
or alevins. The dikes confine the channel to a stable width of about 30 m. Within the 
channelized section, between the town of Oliver and Osoyoos Lake, there are 13 engineered, 
vertical, drop structures (VDS) that provide gradient/velocity control (e.g. Figure 2). 
Additionally, there are four vertical drop structures in the channel between Vaseux and Skaha 
lakes. Sockeye adults utilizing these engineered channel sections for spawning are generally 
distributed in the 30-50 m zone directly above each VDS where suitable substrates for spawning 
and egg incubation accumulate. 
 
Optimal flows for adult migration, spawning, and egg and alevin incubation in the Okanagan 
River are generally managed in accordance with the Okanagan Basin Implementation 
Agreement guidelines (Table 1; Anonymous 1982) and advice provided through discussions 
with the FWMT Operational Team (e.g. Hyatt and Stockwell 2010). 
 

                                           
1 Hatchery reared fry were introduced to Skaha Lake beginning in 2004 (Wright and Smith 2003, 
Alexander and Hyatt 2015). 
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METHODS 

Sockeye Salmon Escapement Observations 

Wells Dam 

Wells Dam and the associated fish-ways represent the final manufactured barrier on the 
Columbia River that Okanagan Sockeye must pass before returning to terminal spawning areas 
located in the Okanagan River in Canada. Personnel from Douglas County Public Utility have 
monitored the daily numbers of adult salmon migrating through two fish ladders at Wells Dam 
since it first began operation in 1967. Recent year counts are derived from 24-hour video 
monitoring that takes place from May 1 to November 15 each year. Douglas County staff review 
videotaped footage and record daily abundance of fish (per species) utilizing the ladders. Prior 
to 1996, personnel stationed in front of viewing windows, carried out visual counts for 50 
minutes per hour, 16 hours per day, throughout the migratory season.  These counts were 
subsequently expanded to represent hourly passage rates.  The remaining 8 hours were video 
taped for enumeration the following day (Stockwell and Hyatt 2003).  Annual data sets for 
Sockeye counted at Wells Dam were obtained from the Columbia River D.A.R.T.2 website at 
http://www.cbr.washington.edu/dart/dart.html (last accessed 2-Jul-19). 
 
Okanagan River Terminal Spawning Grounds 

Field crews from the ONA Fisheries Department have executed FWMT contract work to conduct 
standardized counts of live and dead Sockeye Salmon in the Okanagan River since 2001. This 
includes surveys of both the Index and Channel Sections described above (Figure 1). The upper 
channel between McIntyre Dam and Okanagan Falls at Skaha Lake was added to enumeration 
surveys in 2010 (partial season in 2009) when a retrofit of the water control gates at McIntyre 
Dam allowed Sockeye passage to the river above Vaseux Lake (Associated Engineering 2006). 
Sockeye Salmon that continue migration past Okanagan Falls Dam are considered to be 
hatchery-origin returns from the Skaha Lake reintroduction program and are enumerated 
separately by biologists from that program (Alexander and Hyatt 2015). 
 
Okanagan River spawning grounds are readily accessible to field crews from Highway 97, side 
roads that run parallel to the Okanagan River, and walking paths along the channel. River flows 
near Oliver during the spawning season are, on average, 11 m³/sec (2000-2017), equating to a 
mean depth of approximately 0.7 m. Under most circumstances and in the majority of locations, 
visibility is clear to the bottom of the river. For each survey date, a 3 to 4-person crew 
completes a combination of boat float, in-stream walks, and bank walks from mid to late 
September through to early November; typically, every 3 to 5 days with the more frequent 
surveys occurring during heavier spawning periods. Observers record counts by standard 
sections or reaches and include the abundance of live Sockeye as well as carcasses. They 
separate (beginning 2004) live count observations into 2 categories based on whether spawners 
are exhibiting holding or spawning behaviour and record these counts accordingly. This 
behavioural observation supplies additional information with respect to the date of peak spawn 
by salmon as opposed to just the date of peak abundance, which can vary with run size or 
changes in river flows. Although the primary focus of the surveys is enumeration of Sockeye 

                                           
2 Columbia River Data Access in Real Time (D.A.R.T.), Columbia Basin Research, School of Aquatic & 
Fishery Sciences, University of Washington, Seattle, WA. 
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spawners, the survey crews also record the numbers of Chinook Salmon (usually <20 annually) 
or kokanee salmon observed. Data for these species are not included in this report. 
 
As part of enumeration surveys for the years 2002 to 2011, field crews routinely counted and 
recorded the number of Sockeye redds they observed. Redd abundance over time was collected 
as an alternate method to confirm the date of peak spawning because the date on which the 
highest redd count is observed may also be considered as the peak spawn date (Dauble and 
Watson 1997). However, as Sockeye started to return in record-breaking numbers (beginning 
2008), counting redds became increasingly time consuming and difficult for the field crews to 
assess accurately. Additionally, individual redd counts were difficult to discern because of the 
prevalence of superimposition and gravel disturbance from the high abundance of spawners 
(Hyatt et al. 2009). Consequently, redd counting was discontinued in years after the fall of 
2011. 
 
Index Section: The Index Section is divided into 4 geographical reaches for the purpose of 
Sockeye enumeration surveys (Figure 1).  

Reach 1A: McIntyre Dam to Deer Park Estates (approximately 1200m below McIntyre) 
 Reach 1B: Deer Park Estates to Highway 97 Bridge 
 Reach 2: Highway 97 Bridge to VDS 13 
 Reach 3: VDS 13 to Oliver Bridge at VDS 12 

Field crews complete Sockeye enumerations of Reach 1A by walking downstream along the left 
bank and recording numbers of fish observed. For the remaining 3 reaches, three observers 
float the river in an inflatable boat with observers 1 and 2 counting live fish on either the left or 
right side of the thalweg; observer 3 counts carcasses. Information is recorded when the crew 
gets to the end of each reach.  The crew also take time to stop and count spawners in major 
side channels along the survey course.  For all float trips, observers are equipped with polarized 
sunglasses and tally counters. Tally counters are calibrated in single, 10, or 100 unit increments 
depending on location and fish densities. In addition to fish numbers, the survey crew records 
water and air temperature along with any notes regarding visibility, weather, or other 
conditions that may affect survey quality. 
 
Channel Sections: Once surveys of the Index Section are complete, 2 observers move on to the 
Channelized Section downstream of VDS12 while 1 observer works upstream of McIntyre Dam. 
Observers walk the footbridge across the top of each drop structure, counting fish as far 
upstream as visibility allows (generally 50-60m). Attempts are made to view Sockeye in the 
deep water below each drop structure; however, poor visibility caused by turbulence cascading 
over the drop structure generally prevents systematic counting in these pools.  Counts are 
recorded separately for each VDS section.  
 

Sockeye Salmon Fry Emergence 

Sampling events for Sockeye fry emergence occurred each year (2002-2019) from early March 
until the end of the first week in May. A field crew of 2-3 persons generally began each season 
by initially sampling weekly and then every 3 to 4 days as the abundance of captured fry 
increased. A fyke net (0.63 m X 0.33 m; 3 mm mesh) was attached to the bottom of a rigid 
frame suspended from the upstream, walkway fence at the central bay of Vertical Drop 
Structure 13. This site was chosen because it is immediately downstream of the main spawning 
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area thus ensuring minimal fry losses at this point (e.g. due to predation, etc.). For each set, 
the fyke-net was deployed until fully submerged mid-way in the water column. Net deployment 
depth below surface varied depending upon date-specific flow rate and associated river depth. 
At the completion of a single set, crew members would empty the captured fry into buckets of 
river water, count and record fry numbers, and then release them back into the river. During 
freshet, if river discharge rates increased to greater than 35 m3/sec, conditions became unsafe 
for the gear and crew and therefore, sampling was terminated for the season. In 2017, 
attempts were made to sample when flows reached as high as 72 m3/sec near the end of the 
sampling season; however, the gear was damaged by floating debris and sampling was 
terminated prematurely.  
 
In 2002, sampling routines were highly variable with sessions beginning as early as 16:00 and 
ending as late as 08:00 the next morning. Net soak times for individual sets ranged from 5 to 
255 minutes. By 2003, the fyke sampling sessions were restricted to the hours between 18:00 
and 02:00 with one set completed every 2 hours. Soak times were reduced to 5 or 10 minutes 
in order to avoid damage to entrained fry. From 2004 to 2007, a new sampling protocol was 
established whereby a session would begin between 20:00 and 22:00, ending between 0:00 
and 02:00 because past years of observation indicated that the majority of emergent fry 
actively migrate downriver during this period3. During this interval, effort expended consisted of 
one 10-minute set completed every hour.     
 
By 2008, sessions were further refined such that the first set began at or shortly after 21:00 
with the last set occurring between 00:00 and 00:30. A review of all the previous year’s results 
(M. Stockwell, unpublished data) revealed this was the period of time when the largest 
proportion of emergent fry were actively migrating and were caught in fyke-nets (e.g. Figure 3). 
Thus, the length of time the field crew was committed to each night was greatly reduced with 
little impact on emergence timing results. Crews made either 4 fyke sets with a soak time of 15 
minutes each or 8 sets with 7.5 minutes soak time (or a combination of the two) such that a 
total of 1 hour’s soak time was completed each night. The shorter soak times were required 
with high volumes of fry or when excessive debris began to accumulate in the nets. Soak times 
alone do not fully standardize sampling efforts when river discharge changes within season or if 
net sampling efficiency varies due to debris accumulation. Therefore, beginning in 2008, a flow 
meter was inserted at the mouth of the fyke-net during deployment so that fry counts from a 
given set could be subsequently adjusted to a constant volume of water sampled. 
 
Field methods for emergence timing in 2018 varied from the standard protocols described 
above. In the spring of 2018, extremely high snowpack and subsequent melt necessitated 
maximum release rates of water from Penticton Dam in order to reduce flooding around 
Okanagan Lake and River. Anticipating the extremely high flows, the survey crew re-configured 
the fyke-net system (e.g. additional anchor ropes) such that the equipment could handle the 
extremely high discharges (up to 85 m3/sec).  Sampling times and the number of fyke sets were 
also modified in order to accommodate challenges created by high discharge rates. Initially, 
sampling was conducted to determine if eggs and undeveloped fry were being scoured from the 
gravel at high flows. Assuming that any scour impacts would occur throughout a 24-hour 
period, sampling was conducted only during daylight hours to maximize the safety of the field 
crew. For each session, the crew generally conducted three sets including one 7.5-minute set to 

                                           
3 Sunset at Kelowna, B. C. occurs at approximately 19:30 at April 1 increasing to 20:15 by April 30. 
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test for debris impacts related to high flows and two 15-minute sets to catch emergent fry. No 
fry were caught in the first 4 sessions so the crew added a night session to each sampling date 
to check for the presence of fry that may have volitionally emerged from the gravel.   
 
Sampling procedures to identify fry development were added to the collection process 
beginning in the spring of 2008. At the completion of each set, crew members separated 
captured fry according to the developmental stage (yolk sac absorption; Figure 4) of individual 
fish.  Additionally, sub-samples of fry were retained and returned to the ONA lab for validation 
of the proportion of each stage in the night’s catch as well as for length and weight 
measurements. The field crew was instructed to take samples such that in sets where less than 
100 fry were caught, all fry were kept for lab analysis. When more than 100 fish were caught, 
100 were retained for the lab. All remaining fry were released back into the river. Laboratory 
processing of fresh, retained fry samples was generally conducted the following morning. 
 

Okanagan River Water Temperature   

Water Survey of Canada Data: Continuous, daily mean water temperature data (2002-2019) 
were assembled from Water Survey of Canada (WSC) hydrometric monitoring stations on the 
Okanagan River. The WSC is the national authority responsible for the collection, interpretation, 
and dissemination of standardized water resource data and information in Canada4. WSC 
maintains several hydrometric gauges on the Okanagan River and its tributaries from Penticton 
Dam at Okanagan Lake to Road 18 near the town of Oliver (Figure 1). The gauges were 
originally installed to monitor discharge and water levels but key locations were retrofitted 
beginning in 2002, to accommodate real-time water temperature instrumentation for the FWMT 
project. WSC provided the authors with finalized, temperature data sets covering September 
2002 through January 2016 for stations Okanagan Falls (08NM002) and Okanagan River near 
Oliver (08NM085)5. Data from February 2016 through May 2019 for the same stations were 
downloaded at approximately monthly intervals directly from the WSC real-time monitoring 
website6. Water temperature data from WSC stations is classified as preliminary, because, 
unlike the water level and discharge data, it does not go through a quality control process prior 
to posting (L. Campo5). Daily mean water temperatures listed in this report are derived from 
data recorded at hourly intervals over 24 hours. Water temperatures are included in this 
document for the Sockeye Salmon spawning and egg/alevin incubation intervals, September 15 
through May 15 for each brood year.  
 
Transect 2 Data Loggers: Water temperatures were monitored at sites within the main 
spawning area in order to independently verify the WSC gauge readings. HOBO® Tidbit Data 
Loggers were installed in the surface gravel of the natural side-channel habitat at Transect 2 
(Figure 1) September 15 to May 15 from 2001 to 2015. Daily mean water temperatures are 
derived from data recorded at hourly intervals over 24 hours. ONA technicians checked the data 
loggers on a monthly basis to confirm original placement as well as operational function. 
Temperature data were also downloaded at this time. 

                                           
4 https://www.canada.ca/en/environment-climate-change/services/water-
overview/quantity/monitoring/survey.html  
5 Email dated 22-Jan-2016 to Margot Stockwell, DFO, Nanaimo from Lynne Campo, Senior Hydrometric 
Technician, Water Survey of Canada, Vancouver, B.C. V6C 3S5. 
6 Real-time Hydrometric Data at:  https://wateroffice.ec.gc.ca/index_e.html  
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Multi-Data Logger Set 2001: Intra-gravel and surface water temperatures were monitored 
at 7 high-density, spawning locations in the Index Section of the river using Onset® HOBO® 
Data Loggers from October 2000 to September 2001 (Figure 1). All data loggers were installed 
on October 25, 2000 although some were found to be non-functional and activated a month 
later. ONA technicians periodically inspected the temperature loggers and downloaded the data. 
Daily mean water temperatures are derived from data recorded at 4-hour intervals. 
 
 
 

DATA SUMMARY and DISCUSSION 

Escapement  

This report presents annual Okanagan River Sockeye escapement estimates derived from Wells 
Dam ladder counts (1967-2018; Table 2) and terminal spawning ground surveys (2002-2018; 
Tables 3 and 4). Wells Dam counts may be regarded as absolute counts with respect to the 
abundance of sockeye that could potentially be available to reach the Okanagan terminal 
spawning grounds. However, these values do not account for removals (fisheries and brood-
stock collection) or natural, pre-spawn mortalities that occur over the 3 to 4 months between 
passage at Wells Dam and the commencement of spawning in the Okanagan River (e.g. see 
Fryer et al. 2017). Wells Dam counts from 2007 to 2018 also include ONA hatchery returns to 
Skaha Lake but in general, these fish comprise less than 10% of the total Sockeye returns to 
the Okanagan basin (Alexander and Hyatt 2015, Hyatt and Stockwell 2019). However, 
preliminary estimates of Skaha returns in 2018 suggest that hatchery fish may have comprised 
up to 50% of the Sockeye passing Wells Dam in that year (Ryan Benson, ONA, Westbank, B.C. 
pers. com.).   
 
Adult Sockeye counts from the terminal spawning grounds are summarized by location and 
survey date in Tables 3 and 4. Table 3 includes annual observations of live and dead fish as well 
as redd abundance while Table 4 breaks out the live Sockeye observations into behavioural 
traits (holding or spawning). Over the last seventeen years, peak live plus dead counts have 
ranged from a low of 2,789 fish in 2002 to a high of 96,896 fish in 2010.  
 
Return year 2008 marked the beginning of record-breaking returns of Sockeye (Tables 2 and 3) 
with abundances far exceeding the recommended escapement level of 65,000 (as Wells Dam 
counts; Hyatt and Rankin 1999). As a consequence of the higher escapements, several 
categories of new fisheries for Sockeye developed above Wells Dam including: Washington 
State recreational, Colville Confederated tribal, Osoyoos Lake (B.C.) recreational, and ONA 
economic, food, and ceremonial. In addition to the above removals from fisheries, the ONA 
Sockeye reintroduction program requires the collection of several hundred Osoyoos wild, adult 
Sockeye Salmon from the terminal spawning grounds for hatchery brood-stock. Annual, adult 
removals for brood-stock are summarized in Table 5.  
 
Notably low returns of 6,374 Sockeye were observed on the terminal spawning grounds in 2015 
(Table 3). This is in striking contrast to the 510,706 that passed Bonneville Dam or the 186,964 
fish counted past Wells Dam that same year. Several weeks of record high water temperatures 
in the Columbia River during the peak of Sockeye migration led to exceptionally high stress and 



9 
 

disease related mortalities throughout the entire migration route (NOAA 2016). Estimates of 
total Sockeye loss for 2015 are as high as 95% of the total Columbia River population (Fryer at 
al. 2017). 
 
Historic Okanagan Sockeye Salmon escapement data from the terminal spawning grounds 
(1947 to 2001) can be found in Stockwell and Hyatt (2003). However, note that data tabulated 
in the 2003 report were gathered from non-standardized surveys that included a wide variety of 
methods, effort, geographical coverage, and agencies.  
 

Fry Emergence  

Emergent fry were caught during annual fyke-net sampling sessions that were conducted on 
the Okanagan River at VDS 13 over the course of approximately 8 weeks from mid-March to 
early May (2002-2019). Catch per unit effort (fry/hour) results from each night’s sampling 
efforts are presented in Table 6. Sampling was terminated prior to the completion of all fry 
emergence in some years (e.g. 2013, 2016, and 2017, 2018) because in-stream discharge rates 
increased to levels that prohibited proper functioning of the fyke-net and jeopardized the safety 
of the field crew. During the sampling sessions in 2002, fyke sets were very erratic with respect 
to their frequency, soak times, and time of day at which sets occurred. For example, sessions 
often began as early as 17:00 in the afternoon with a final set completed the next morning at 
07:00. Soak times were from as few as 15 minutes each to a total of 4 hours. Relatively few 
fish were caught in sets done before dark or after midnight. In an effort to provide relatively 
standardized observations reported here, the 2002 data summarized in Table 6 reflect only 
observations from fyke sets conducted between 21:00 and 01:00. Results from the modified 
sampling effort in 2018 are presented separately in Table 7. Although few fry were caught in 
total in 2018, the results indicate that even under extreme flow conditions, fry were not 
continually flushed out over 24 hours but rather, exhibited volitional emergence under darkness 
as in any non-scour year. That is, ≤4 fry were caught in any daylight set, while up to 112 fry 
were caught in a standard night session.  
 
Table 8 presents fry abundance by date and developmental stage as assessed by personnel in 
the field. Corresponding results from modified sampling effort in 2018 are presented separately 
in Table 9. Comparative staging of fry plus size results from lab analyses of sub-samples from 
the above field samples are presented in Table 10. Variation in the relative proportions of fry 
developmental stages identified from field versus corresponding lab results may be attributable 
to the superior observational conditions in the lab environment for conducting the assessments 
(light quality, etc.).  
 

Water Temperature 

Water temperature data were retrieved from WSC hydrometric gauges or in-stream data 
loggers at various locations in the Okanagan River between McIntyre Dam and Osoyoos Lake. 
In most cases, data is continuous from September 15 through to May 15 of each year, thereby 
covering the intervals of adult Sockeye migration to the spawning grounds (September-
October), spawning (October-November), and egg incubation through to completed fry 
emergence (October-May). Missing data are due to equipment malfunction or in the case of in-
stream data loggers, loss of equipment. Summaries of daily mean water temperature data 
include: 
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 Data from Water Survey of Canada continuous 24-hour monitoring in Table 11 
(Okanagan River at Okanagan Falls, Station 08NM002 from September 2002 to 
May 2011) and Table 12 (Okanagan River near Oliver, Station 08NM085 from 
September 2010 to May 2018), 

 Data from independent Tidbit data loggers installed at Transect 2 from 
September 2001 to May 2010 (Table 13A) and September 2010 to May 2015 
(Table 13B). Tidbit installations were discontinued after 2015.  

 Data from supplementary water temperature data loggers installed at various 
locations and depths throughout the Okanagan River Sockeye Salmon spawning 
grounds in 2000-2001 where locations are described in Table 14A with summary 
data provided in Table 14B. 

Although the WSC gauge installation (08NM085) on the Okanagan River near Oliver has been 
operational with respect to temperature collection since September 2002, we have not 
documented data prior to 2009 due to data inconsistencies and a continually high temperature 
bias in the data compared to the WSC gauge at Okanagan Falls and Tidbit monitors at Transect 
2 (Hyatt et al. 2010). WSC replaced the Oliver gauge in April 2008.  
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FIGURES 

 
 

Figure 1. Okanagan River Sockeye Salmon terminal spawning grounds.  
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Figure 2. Example of a Vertical Drop Structure on the Okanagan River, B.C. 
 
 
 
 
 
 
 

 
 

Figure 3. Example of abundance of fry caught in fyke nets by time of night. 
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1. Little or no absorption of the posterior lobe of the yolk sac 
2. Posterior lobe is absorbed 
3. Yolk sac is less than half visible in lateral view; top of yolk sac is silver 
4. Skin is pigmented on sides and lateral part of ventral surface; yolk is visible in scar 
5. Yolk sac scar is healed 

 
Figure 4. Depiction of five developmental stages of Chinook Salmon fry based on yolk sac 
absorption. Photo source: Fuhrman et al. 2018. Descriptive text from Shepherd and Inkster 
1995. 
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TABLES 

Table 1. Recommended flows for Sockeye Salmon at various life history stages in the Okanagan 
River near Oliver, B.C.  (Anon. 1982). 
 

Sockeye Life 
History Stage 

Dates 
Preferred Range 

(m³/sec) 

Adult migration Aug. 1 - Sept. 15 8.5 - 12.7 

Spawning Sept. 16 - Oct. 31 9.9 - 15.6 

Incubation Nov. 1 – Feb. 15 
5.0 - 28.3 

Incubation flows  50% spawning 

Fry migration Feb. 16 – Apr. 30 5.0 - 28.3 

 
 
 
 
Table 2. Annual totals (1967-2018) of Sockeye Salmon passage over Wells Dam, WA. Source: 
Columbia River D.A.R.T., Columbia Basin Research, University of Washington. (2018). Adult 
Passage Graphics and Text. http://www.cbr.washington.edu/dart/query/adult_graph_text . 
 

Return 
Year 

Total 
Sockeye 

 
Return 

Year 
Total 

Sockeye 
 Return 

Year 
Total 

Sockeye 
        
        

1967 113,232  1985 52,989  2002 10,659 
1968 81,530  1986 34,788  2003 28,965 
1969 17,352  1987 40,120  2004 77,492 
1970 50,667  1988 33,978  2005 55,553 
1971 48,172  1989 15,976  2006 22,075 
1972 33,398  1990 7,609  2007 22,272 
1973 37,178  1991 27,490  2008 165,334 
1974 16,716  1992 41,951  2009 134,937 
1975 22,286  1993 27,894  2010 291,764 
1976 27,619  1994 1,666  2011 111,507 
1977 21,973  1995 4,892  2012 326,012 
1978 7,644  1996 17,701  2013 129,993 
1979 26,655  1997 24,621  2014 490,318 
1980 26,573  1998 4,666  2015 186,964 
1981 28,234  1999 12,388  2016 216,031 
1982 19,005  2000 59,944  2017 42,299 
1983 27,925  2001 74,486  2018 153,637 
1984 81,054       
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Table 3. Abundance of live, dead, and total Sockeye spawners (2002-2018) and redds (2002-2011) by survey date and location on 
the terminal spawning grounds. 
 

     
Survey 
Date 

Index Section Channel Section Above McIntyre Section Totals 
Live Dead Total Redds Live Dead Total Redds Live Dead Total Live Dead Total 

               
               
28-Aug-02 0 0 0 0 0 0 0 0    0 0 0 
11-Sep-02 18 0 18 0 2 0 2 0    20 0 20 
20-Sep-02 3 0 3 0 1 0 1 0    4 0 4 
24-Sep-02 26 0 26 0 4 0 4 0    30 0 30 

2-Oct-02 141 0 141 1 11 0 11 0    152 0 152 
7-Oct-02 702 2 704 23 223 0 223 0    925 2 927 

12-Oct-02 1,315 14 1,329 268 153 0 153 5    1,468 14 1,482 
17-Oct-02 2,088 9 2,097 529 494 0 494 99    2,582 9 2,591 
22-Oct-02 2,322 33 2,355 752 433 1 434 47    2,755 34 2,789 
25-Oct-02 2,086 103 2,189 1,000 568 1 569 n/c    2,654 104 2,758 
30-Oct-02 562 145 707 681 189 2 191 70    751 147 898 

               
17-Sep-03 19 0 19 0 0 0 0 0    19 0 19 
26-Sep-03 577 0 577 0 6 0 6 0    583 0 583 

3-Oct-03 2,318 5 2,323 0 128 0 128 0    2,446 5 2,451 
8-Oct-03 5,390 34 5,424 78 25 15 40 6    5,415 49 5,464 

14-Oct-03 9,286 62 9,348 2,194 160 0 160 5    9,446 62 9,508 
18-Oct-03 10,036 198 10,234 2,582 155 1 156 25    10,191 199 10,390 
21-Oct-03 9,164 569 9,733 3,231 263 0 263 41    9,427 569 9,996 
24-Oct-03 5,110 1,144 6,254 n/c 117 4 121 45    5,227 1,148 6,375 
27-Oct-03 3,007 1,785 4,792 1,942 110 6 116 48    3,117 1,791 4,908 
3-Nov-03 341 700 1,041 1,721 51 5 56 29    392 705 1,097 

               
15-Sep-04 15 0 15 0 0 0 0 0    15 0 15 
20-Sep-04 267 0 267 0 36 0 36 0    303 0 303 
25-Sep-04 1,353 0 1,353 0 84 0 84 0    1,437 0 1,437 
30-Sep-04 5,399 1 5,400 40 134 1 135 0    5,533 2 5,535 

4-Oct-04 12,478 6 12,484 164 n/c n/c n/c n/c    12,478 6 12,484 
7-Oct-04 20,986 63 21,049 836 257 2 259 5    21,243 65 21,308 

10-Oct-04 19,922 266 20,188 2,119 227 0 227 67    20,149 266 20,415 
14-Oct-04 19,005 669 19,674 2,669 n/c n/c n/c n/c    19,005 669 19,674 
19-Oct-04 16,966 3,410 20,376 2,204 n/c n/c n/c n/c    16,966 3,410 20,376 
22-Oct-04 14,969 4,169 19,138 4,407 224 30 254 73    15,193 4,199 19,392 
27-Oct-04 3,786 6,245 10,031 3,882 194 43 237 142    3,980 6,288 10,268 
3-Nov-04 739 3,397 4,136 2,895 374 0 374 55    1,113 3,397 4,510 
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Live Dead Total Redds Live Dead Total Redds Live Dead Total Live Dead Total 

               
               

13-Sep-05 43 0 43 0 3 0 3 0    46 0 46 
20-Sep-05 212 0 212 0 7 0 7 0    219 0 219 
27-Sep-05 788 0 788 0 151 0 151 0    939 0 939 

4-Oct-05 6,499 0 6,499 87 597 0 597 33    7,096 0 7,096 
10-Oct-05 14,115 13 14,128 1,842 n/c n/c n/c 235    14,115 13 14,128 
13-Oct-05 17,370 189 17,559 645 755 1 756 310    18,125 190 18,315 
16-Oct-05 16,050 496 16,546 3,033 655 6 661 310    16,696 502 17,198 
19-Oct-05 21,787 1,778 23,565 1,488 568 28 596 311    22,355 1,806 24,161 
22-Oct-05 7,759 2,690 10,449 3,281 714 96 810 260    8,473 2,786 11,259 
25-Oct-05 5,356 4,150 9,506 2,734 262 149 411 133    5,618 4,299 9,917 
28-Oct-05 1,758 7,153 8,911 864 145 115 260 85    1,903 7,268 9,171 
3-Nov-05 319 1,699 2,018 489 73 50 123 0    392 1,749 2,141 

               
22-Sep-06 31 0 31 0 6 1 7 0    37 1 38 
27-Sep-06 466 0 466 8 25 0 25 0    491 0 491 

3-Oct-06 1,704 2 1,706 2 194 0 194 0    1,898 2 1,900 
6-Oct-06 3,385 31 3,416 171 432 0 432 0    3,817 31 3,848 

10-Oct-06 4,897 0 4,897 313 614 3 617 12    5,511 3 5,514 
13-Oct-06 6,605 120 6,725 1,040 1,070 0 1,070 0    7,675 120 7,795 
16-Oct-06 8,980 398 9,378 2,106 974 0 974 46    9,954 398 10,352 
19-Oct-06 8,290 577 8,867 1,410 952 1 953 19    9,242 578 9,820 
22-Oct-06 16,704 912 17,616 2,276 468 2 470 149    17,172 914 18,086 
25-Oct-06 6,915 1,405 8,320 1,586 542 3 545 68    7,457 1,408 8,865 
30-Oct-06 2,237 711 2,948 1,142 307 21 328 84    2,544 732 3,276 
3-Nov-06 1,334 649 1,983 913 188 33 221 49    1,522 682 2,204 

               
3-Oct-07 949 0 949 0 72 0 72 0    1,021 0 1,021 
9-Oct-07 4,107 0 4,107 56 81 0 81 0    4,188 0 4,188 

12-Oct-07 8,201 9 8,210 3,866 72 1 73 0    8,273 10 8,283 
17-Oct-07 6,117 144 6,261 2,221 102 0 102 0    6,219 144 6,363 
19-Oct-07 6,627 140 6,767 1,806 74 0 74 36    6,701 140 6,841 
24-Oct-07 5,225 719 5,944 1,824 92 4 96 52    5,317 723 6,040 
27-Oct-07 3,526 451 3,977 2,741 285 212 497 278    3,811 663 4,474 
30-Oct-07 1,579 854 2,433 1,952 65 10 75 52    1,644 864 2,508 
2-Nov-07 718 388 1,106 6,779 n/c n/c n/c n/c    718 388 1,106 
5-Nov-07 361 547 908 539 35 13 48 6    396 560 956 
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Date 

Index Section Channel Section Above McIntyre Section Totals 
Live Dead Total Redds Live Dead Total Redds Live Dead Total Live Dead Total 

               
               

17-Sep-08 1,599 1 1,600 0 118 1 119 0    1,717 2 1,719 
24-Sep-08 4,423 5 4,428 0 554 2 556 0    4,977 7 4,984 
29-Sep-08 16,980 11 16,991 35 1,187 0 1,187 0    18,167 11 18,178 

2-Oct-08 25,285 12 25,297 329 n/c n/c n/c n/c    25,285 12 25,297 
5-Oct-08 51,144 13 51,157 1,344 1,384 0 1,384 0    52,528 13 52,541 
8-Oct-08 43,496 139 43,635 3,334 1,377 1 1,378 7    44,873 140 45,013 

11-Oct-08 52,418 213 52,631 2,412 1,413 2 1,415 12    53,831 215 54,046 
14-Oct-08 70,618 1,004 71,622 1,802 965 11 976 0    71,583 1,015 72,598 
17-Oct-08 46,032 2,733 48,765 3,301 1,113 34 1,147 0    47,145 2,767 49,912 
20-Oct-08 42,720 4,481 47,201 3,710 n/c n/c n/c n/c    42,739 4,513 47,252 
23-Oct-08 29,077 3,766 32,843 2,518 977 152 1,129 1    30,054 3,918 33,972 
28-Oct-08 18,288 11,392 29,680 2,768 642 350 992 43    18,930 11,742 30,672 
30-Oct-08 13,225 13,782 27,007 6,603 556 398 954 112    13,781 14,180 27,961 
5-Nov-08 2,421 12,082 14,503 855 304 321 625 97    2,725 12,403 15,128 

               
16-Sep-09 222 0 222 0 7 0 7 0    229 0 229 
23-Sep-09 512 4 516 1 31 0 31 0    543 4 547 
28-Sep-09 1,121 4 1,125 1 36 1 37 0    1,157 5 1,162 

2-Oct-09 5,755 1 5,756 14 152 0 152 0    5,907 1 5,908 
4-Oct-09 9,264 3 9,267 116 395 0 395 0    9,659 3 9,662 
7-Oct-09 19,461 4 19,465 312 465 1 466 0    19,926 5 19,931 

10-Oct-09 24,369 16 24,385 510 659 4 663 4    25,028 20 25,048 
13-Oct-09 25,182 38 25,220 803 643 2 645 4 1,835 2 1,837 27,660 42 27,702 
16-Oct-09 31,961 246 32,207 2,342 600 2 602 44 1,678 1 1,679 34,239 249 34,488 
19-Oct-09 39,618 960 40,578 1,688 577 1 578 17 3,171 1 3,172 43,366 962 44,328 
22-Oct-09 32,614 2,582 35,196 2,196 584 6 590 15 2,368 4 2,372 35,566 2,592 38,158 
25-Oct-09 22,948 8,089 31,037 3,381 479 34 513 30 1,326 6 1,332 24,753 8,129 32,882 
29-Oct-09 6,304 4,318 10,622 2,059 244 93 337 27 742 45 787 7,290 4,456 11,746 
2-Nov-09 1,927 4,140 6,067 2,235 180 142 322 31 352 113 465 2,459 4,395 6,854 
9-Nov-09 327 7,160 7,487 3,226 n/c n/c n/c n/c 57 213 270 384 7,373 7,757 

16-Nov-09 28 5,690 5,718 5,279 2 177 179 8 1 157 158 31 6,024 6,055 
24-Nov-09 8 10,014 10,022 4,656 1 172 173 11 0 154 154 9 10,340 10,349 

               

               
               
               
               
               



21 
 

               
               

     
Survey 
Date 

Index Section Channel Section Above McIntyre Section Totals 
Live Dead Total Redds Live Dead Total Redds Live Dead Total Live Dead Total 

               
               

7-Sep-10 824 19 843 4 28 1 29 0 2,375 67 2,442 3,227 87 3,314 
14-Sep-10 3,210 24 3,234 61 71 2 73 0 4,401 70 4,471 7,682 96 7,778 
27-Sep-10 27,440 62 27,502 333 601 1 602 25 5,675 63 5,738 64,515 172 64,687 

1-Oct-10 57,380 52 57,432 624 671 3 674 5 6,464 117 6,581 45,309 222 45,531 
4-Oct-10 39,780 171 39,951 963 537 2 539 12 4,992 49 5,041 74,436 303 74,739 
7-Oct-10 68,990 207 69,197 4,087 1,247 11 1,258 0 4,199 85 4,284 85,513 1,202 86,715 

10-Oct-10 80,430 1,084 81,514 11,590 909 31 940 0 4,174 87 4,261 82,842 1,430 84,272 
13-Oct-10 81,380 1,344 82,724 10,123 844 21 855 25 618 65 683 90,831 6,065 96,896 
16-Oct-10 87,190 5,942 93,132 12,390 971 43 1,014 67 2,670 80 2,739 59,942 8,509 68,451 
19-Oct-10 57,770 8,371 66,141 11,190 716 75 791 74 1,456 63 1,519 47,079 9,627 56,706 
22-Oct-10 45,383 9,435 54,908 6,135 657 87 744 156 1,039 105 1,144 34,036 13,169 47,205 
25-Oct-10 32,610 12,937 45,547 8,085 471 116 587 258 955 116 1,071 21,756 13,459 35,215 
28-Oct-10 20,810 13,170 33,980 10,790 272 142 414 227 674 147 821 3,247 14,173 17,420 
4-Nov-10 3,023 13,725 16,748 6,748 119 216 335 281 105 232 337 33,716 126 33,842 

               
14-Sep-11 12 0 12 0 0 0 0 0 17 6 6 29 6 35 
21-Sep-11 27 2 29 0 4 0 4 0 87 0 0 118 2 120 
26-Sep-11 312 1 313 0 3 0 3 0 83 1 1 398 2 400 
30-Sep-11 1,199 2 1,201 0 184 1 185 0 262 5 5 1,645 8 1,653 

2-Oct-11 3,042 0 3,045 23 109 0 109 0 371 8 8 3,522 8 3,530 
5-Oct-11 5,272 5 5,277 70 569 0 569 0 480 2 2 6,321 7 6,328 
8-Oct-11 6,850 15 6,865 796 692 0 692 12 1,180 30 30 8,722 45 8,767 

11-Oct-11 13,870 55 13,925 757 818 1 819 12 379 14 14 15,067 70 15,137 
14-Oct-11 17,698 104 17,802 878 775 0 775 9 851 6 6 19,324 110 19,434 
17-Oct-11 18,771 413 19,184 1,508 733 3 736 33 860 4 4 20,364 420 20,784 
20-Oct-11 20,409 2,096 22,505 3,057 665 16 681 107 1,010 32 32 22,084 2,144 24,228 
23-Oct-11 13,824 3,354 17,178 5,938 612 25 637 106 767 41 41 15,203 3,420 18,623 
26-Oct-11 9,434 2,418 11,852 3,572 496 57 553 196 470 69 69 10,400 2,544 12,944 
29-Oct-11 4,386 2,984 7,370 2,997 358 68 426 233 514 61 61 5,258 3,113 8,371 
1-Nov-11 2,957 2,471 5,428 3,282 352 61 413 242 286 85 85 3,595 2,617 6,212 
4-Nov-11 1,758 3,542 5,300 3,187 184 48 232 309 211 67 67 2,153 3,657 5,810 
7-Nov-11 1,051 5,182 6,233 3,438 165 71 236 309 100 87 87 1,316 5,340 6,656 

10-Nov-11 531 3,900 4,431 2,773 61 59 120 300 66 75 75 658 4,034 4,692 
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19-Sep-12 996 9 1,005  40 2 42  323 4 327 1,359 15 1,374 
27-Sep-12 3,919 36 3,955  61 5 66  305 12 317 4,285 53 4,338 

3-Oct-12 6,426 18 6,444  589 4 593  310 20 330 7,325 42 7,367 
7-Oct-12 33,515 48 33,563  526 3 529  1,441 14 1,455 35,482 65 35,547 

11-Oct-12 35,748 52 35,800  742 5 747  1,548 10 1,558 38,038 67 38,105 
14-Oct-12 34,529 114 34,643  836 1 837  1,069 21 1,090 36,434 136 36,570 
17-Oct-12 44,931 597 45,528  932 9 941  647 32 679 46,510 638 47,148 
20-Oct-12 44,849 2,806 47,655  964 22 986  1,162 28 1,190 46,975 2,856 49,831 
24-Oct-12 29,878 5,964 35,842  767 67 834  1,320 14 1,334 31,965 6,045 38,010 
27-Oct-12 18,298 7,199 25,497  700 92 792  233 1 234 19,231 7,292 26,523 
31-Oct-12 10,345 5,673 16,018  622 143 765  468 34 502 11,435 5,850 17,285 
6-Nov-12 3,489 9,785 13,274  94 100 194  46 49 95 3,629 9,934 13,563 

15-Nov-12 281 8,413 8,694  53 379 432  3 31 34 337 8,823 9,160 
               

19-Sep-13 0 2 2  2 0 2  18 0 18 20 2 22 
26-Sep-13 611 13 624  39 1 40  141 1 142 791 15 806 
03-Oct-13 6,312 21 6,333  664 2 666  356 0 356 7,332 23 7,355 
07-Oct-13 10,189 14 10,203  706 1 707  557 0 557 11,452 15 11,467 
11-Oct-13 17,398 51 17,449  730 0 730  779 3 782 18,907 54 18,961 
15-Oct-13 21,353 121 21,474  622 1 623  1,238 6 1,244 23,213 128 23,341 
18-Oct-13 19,760 552 20,312  514 4 518  1,220 3 1,223 21,494 559 22,053 
21-Oct-13 9,110 2,285 11,395  762 26 788  733 11 744 10,605 2,322 12,927 
25-Oct-13 6,806 5,717 12,523  433 87 520  563 42 605 7,802 5,846 13,648 
29-Oct-13 2,429 1,683 4,112  223 83 306  217 18 235 2,869 1,784 4,653 
04-Nov-13 508 1,806 2,326  116 71 187  109 45 154 733 1,922 2,655 

               
03-Oct-14 17,740 12 17,752  522 6 528  223 1 224 18,262 241 18,281 
10-Oct-14 37,920 37,470 75,390  721 1 722  666 3 669 38,927 38,137 76,115 
16-Oct-14 64,624 516 65,140  948 13 961  567 3 570 66,069 1,096 66,104 
19-Oct-14 79,680 2,103 81,783  828 10 838  791 34 825 81,248 2,904 82,655 
22-Oct-14 67,073 4,253 71,326  1,968 38 2,006  459 14 473 69,495 4,750 73,346 
24-Oct-14 60,914 7,845 68,759  2,940 87 3,027  585 29 614 64,439 8,517 71,815 
27-Oct-14 42,905 10,575 53,480  2,280 191 2,471  409 41 450 45,594 11,175 55,992 
30-Oct-14 26,020 29,315 55,335  1,570 277 1,847  206 55 261 27,796 29,798 57,237 
06-Nov-14 4,069 11,218 15,287  309 661 970  35 17 52 4,413 11,914 16,274 
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24-Sep-15 194 1 195  3 1 4  27  27 224 2 226 
01-Oct-15 856 5 861  2 0 2  82 2 84 940 7 947 
05-Oct-15 1,873 8 1,881  58 0 58  54 2 56 1,985 10 1,995 
09-Oct-15 3,783 13 3,796  131 0 131  20 0 20 3,934 13 3,947 
13-Oct-15 5,648 81 5,729  292 4 296  75 1 76 6,015 86 6,101 
16-Oct-15 5,589 145 5,734  549 1 550  86 4 90 6,224 150 6,374 
22-Oct-15 3,382 953 4,335  427 14 114  61 4 65 3,870 971 4,841 
25-Oct-15 2,016 1,092 3,108  268 19 287  29 8 37 2,313 1,119 3,432 
29-Oct-15 910 724 1,634  170 28 198  12 8 20 1,092 760 1,852 
05-Nov-15 156 334 490  40 25 65  0 0 0 196 359 555 

               
19-Sep-16 37 3 40  n/c n/c n/c  n/c n/c n/c    
29-Sep-16 3,147 3 3,150  142 0 142  93 5 98 3,382 8 3,390 
07-Oct-16 15,531 12 15,543  848 1 849  226 3 229 16,605 16 16,621 
11-Oct-16 23,239 35 23,274  1,159 0 1,159  297 2 299 24,695 37 24,732 
14-Oct-16 24,546 120 24,666  1,054 0 1,054  210 1 211 25,810 121 25,931 
17-Oct-16 41,560 264 41,824  1,100 1 1,101  348 4 352 43,008 269 43,277 
20-Oct-16 26,012 826 26,838  946 6 952  270 7 277 27,228 839 28,067 
23-Oct-16 14,176 2,758 16,934  972 49 1,021  159 18 177 15,307 2,825 18,132 
27-Oct-16 6,424 4,107 10,531  716 178 894  57 33 90 7,197 4,318 11,515 
31-Oct-16 2,324 1,716 4,040  237 206 443  65 34 99 2,626 1,956 4,582 

               
26-Sep-17 563 5 568  15 1 16  12 0 12 590 6 596 
02-Oct-17 726 4 730  34 0 34  26 0 26 786 4 790 
06-Oct-17 2,062 10 2,072  235 0 235  28 1 29 2,325 11 2,336 
11-Oct-17 4,271 16 4,287  462 1 463  45 0 45 4,778 17 4,795 
14-Oct-17 3,851 32 3,883  682 0 682  90 0 90 4,623 32 4,655 
17-Oct-17 3,599 31 3,630  400 0 400  50 0 50 4,049 31 4,080 
20-Oct-17 3,827 119 3,946  668 0 668  70 1 71 4,565 120 4,685 
23-Oct-17 3,289 238 3,527  642 8 650  52 5 57 3,983 251 4,234 
26-Oct-17 2,357 530 2,887  452 18 470  48 3 51 2,857 551 3,408 
31-Oct-17 845 371 1,216  310 21 331  37 3 40 1,192 395 1,587 
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28-Sep-18 666 4 670  n/c n/c n/c  n/c n/c n/c 666 4 670 
03-Oct-18 2,443 2 2,445  538 0 538  17 1 18 2,998 3 3,001 
06-Oct-18 5,485 1 5,486  784 2 786  64 0 64 6,333 3 6,336 
11-Oct-18 14,608 20 14,628  955 1 956  101 1 102 15,664 22 15,686 
14-Oct-18 14,580 59 14,639  1,074 2 1,076  97 0 97 15,751 61 15,812 
17-Oct-18 15,904 171 16,075  907 5 912  99 0 99 16,910 176 17,086 
21-Oct-18 15,820 1,141 16,961  691 23 714  50 2 52 16,561 1,166 17,727 
23-Oct-18 11,280 1,867 13,147  758 43 801  104 2 106 12,142 1,912 14,054 
26-Oct-18 7,104 2,429 9,533  644 70 714  89 6 95 7,837 2,505 10,342 
01-Nov-18 1,360 775 2,135  220 85 305  61 15 76 1,641 875 2,516 
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Table 4. Abundance of Sockeye spawners (2004 - 2018), designated as holding or spawning, in 
the Index Section of the Okanagan River. Behavioral traits of  adults were not recorded in 2007. 
 

Survey 
Date 

Holding Spawning Total Live Dead 
Total Live 

+ Dead 

      
15-Sep-04 15  15 0 15 
20-Sep-04 267 0 267 0 267 
25-Sep-04 1,353 0 1,353 0 1,353 
30-Sep-04 5,399 0 5,399 1 5,400 
4-Oct-04 12,478 0 12,478 6 12,484 
7-Oct-04 18,478 2,508 20,986 63 21,049 
10-Oct-04 13,565 6,357 19,922 266 20,188 
14-Oct-04 10,273 8,732 19,005 669 19,674 
19-Oct-04 4,160 12,806 16,966 3,410 20,376 
22-Oct-04 0 14,969 14,969 4,169 19,138 
27-Oct-04 0 3,786 3,786 6,245 10,031 
3-Nov-04 0 739 739 3,397 4,136 

      
      

13-Sep-05 43 0 43 0 43 
20-Sep-05 212 0 212 0 212 
27-Sep-05 788 0 788 0 788 
4-Oct-05 4,020 2,479 6,499 0 6,499 
10-Oct-05 350 13,765 14,115 13 14,128 
13-Oct-05 0 17,370 17,370 189 17,559 
16-Oct-05 0 16,050 16,050 496 16,546 
19-Oct-05 0 21,787 21,787 1,778 23,565 
22-Oct-05 0 7,759 7,759 2,690 10,449 
25-Oct-05 0 5,356 5,356 4,150 9,506 
28-Oct-05 0 1,758 1,758 7,153 8,911 
3-Nov-05 0 319 319 1,699 2,018 

      
      

22-Sep-06 31 0 31 0 31 
27-Sep-06 466 0 466 0 466 
3-Oct-06 1,704 0 1,704 2 1,706 
6-Oct-06 2,872 513 3,385 31 3,416 
10-Oct-06 3,858 1,039 4,897 0 4,897 
13-Oct-06 3,160 3,445 6,605 120 6,725 
16-Oct-06 2,010 6,970 8,980 398 9,378 
19-Oct-06 4,235 4,055 8,290 577 8,867 
22-Oct-06 6,829 9,875 16,704 912 17,616 
25-Oct-06 1,210 5,705 6,915 1,405 8,320 
30-Oct-06 0 2,237 2,237 711 2,948 
3-Nov-06 0 1,334 1,334 649 1,983 

      
      

17-Sep-08 1,599 0 1,599 1 1,600 
24-Sep-08 4,423 0 4,423 5 4,428 
29-Sep-08 16,980 0 16,980 11 16,991 
2-Oct-08 24,818 467 25,285 12 25,297 
5-Oct-08 48,454 2,690 51,144 13 51,157 
8-Oct-08 36,210 7,286 43,496 139 43,635 
11-Oct-08 38,072 14,346 52,418 213 52,631 
14-Oct-08 38,230 32,388 70,618 1,004 71,622 
17-Oct-08 27,620 18,412 46,032 2,733 48,765 
20-Oct-08 10,850 31,870 42,720 4,481 47,201 
23-Oct-08 3,923 25,154 29,077 3,766 32,843 
28-Oct-08 4,924 13,364 18,288 11,392 29,680 
30-Oct-08 922 12,303 13,225 13,782 27,007 
5-Nov-08 137 2,284 2,421 12,082 14,503 
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Survey 
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Holding Spawning Total Live Dead 
Total Live 

+ Dead 

      
16-Sep-09 512 0 512 4 516 
23-Sep-09 1,121 0 1,121 4 1,125 
28-Sep-09 5,856 2 5,755 1 5,859 
2-Oct-09 9,250 14 9,264 3 9,267 
4-Oct-09 18,933 528 19,461 4 19,465 
7-Oct-09 23,795 574 24,369 16 24,385 
10-Oct-09 20,910 4,272 25,182 38 25,220 
13-Oct-09 19,480 12,481 31,961 246 32,207 
16-Oct-09 32,120 7,498 39,618 960 40,578 
19-Oct-09 28,470 4,144 32,614 2,582 35,196 
22-Oct-09 9,582 13,366 22,948 8,089 31,037 
25-Oct-09 940 5,364 6,304 4,318 10,622 
29-Oct-09 1,006 921 1,927 4,140 6,067 
2-Nov-09 129 198 327 7,160 7,487 
9-Nov-09 18 10 28 5,690 5,718 
16-Nov-09 2 6 8 10,014 10,022 
24-Nov-09 512 0 512 4 516 

      
      

7-Sep-10 812 12 824 19 843 
14-Sep-10 3,080 130 3,210 24 3,234 
21-Sep-10 High turbidity in Section – no count   
27-Sep-10 26,050 1,390 27,440 62 27,502 
1-Oct-10 53,680 3,700 57,380 52 57,432 
4-Oct-10 35,090 4,690 39,780 171 39,951 
7-Oct-10 53,790 15,200 68,990 207 69,197 
10-Oct-10 53,980 26,450 80,430 1,084 81,514 
13-Oct-10 49,330 32,050 81,380 1,344 82,724 
16-Oct-10 46,550 40,640 87,190 5,942 93,132 
19-Oct-10 26,980 30,790 57,770 8,371 66,141 
22-Oct-10 16,243 29,140 45,383 9,435 54,908 
25-Oct-10 7,670 24,940 32,610 12,937 45,547 
28-Oct-10 4,310 16,500 20,810 13,170 33,980 
4-Nov-10 793 2,230 3,023 13,725 16,748 
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Survey 
Date 

Holding Spawning Total Live Dead 
Total Live 

+ Dead 

      
14-Sep-11 12 0 12 0 12 
21-Sep-11 27 0 27 2 29 
26-Sep-11 312 0 312 1 313 
30-Sep-11 1,199 0 1,199 2 1,201 
2-Oct-11 3,042 0 3,042 0 3,045 
5-Oct-11 5,252 20 5,272 5 5,277 
8-Oct-11 4,160 2,690 6,850 15 6,865 
11-Oct-11 13,296 574 13,870 55 13,925 
14-Oct-11 14,244 3,454 17,698 104 17,802 
17-Oct-11 10,070 8,701 18,771 413 19,184 
20-Oct-11 4,029 16,380 20,409 2,096 22,505 
23-Oct-11 744 13,080 13,824 3,354 17,178 
26-Oct-11 1,294 8,140 9,434 2,418 11,852 
29-Oct-11 1,463 2,923 4,386 2,984 7,370 
1-Nov-11 795 2,162 2,957 2,471 5,428 
4-Nov-11 348 1,410 1,758 3,542 5,300 
7-Nov-11 361 690 1,051 5,182 6,233 
10-Nov-11 192 339 531 3,900 4,431 

      
      

19-Sep-12 996 0 996 9 1,005 
27-Sep-12 3,769 150 3,919 36 3,955 
03-Oct-12 6,426 0 6,426 18 6,444 
07-Oct-12 31,284 2,231 33,515 48 33,563 
11-Oct-12 29,746 6,002 35,748 52 35,800 
14-Oct-12 25,232 9,297 34,529 114 34,643 
17-Oct-12 22,593 22,338 44,931 597 45,528 
20-Oct-12 12,807 32,042 44,849 2,806 47,655 
24-Oct-12 9,343 20,535 29,878 5,964 35,842 
27-Oct-12 9,060 9,238 18,298 7,199 25,497 
31-Oct-12 2,527 7,818 10,345 5,673 16,018 
06-Nov-12 1,345 2,144 3,489 9,785 13,274 
15-Nov-12 127 154 281 8,413 8,694 

      
      

19-Sep-13 0 0 0 2 2 
26-Sep-13 611 0 611 13 624 
03-Oct-13 6,312 0 6,312 21 6,333 
07-Oct-13 8,978 1,211 10,189 14 10,203 
11-Oct-13 8,320 8,478 16,798 51 16,849 
15-Oct-13 7,133 14,220 21,353 121 21,474 
18-Oct-13 2,800 16,960 19,760 552 20,312 
21-Oct-13 790 8,320 9,110 2,285 11,395 
25-Oct-13 840 5,966 6,806 5,717 12,523 
29-Oct-13 320 2,109 2,429 1,683 4,112 
04-Nov-13 5 503 508 1,818 2,326 

      
      

03-Oct-14 16,853 887 17,740 12 17,752 
10-Oct-14 17,294 20,626 37,920 53 37,973 
16-Oct-14 19,543 45,081 64,624 516 65,140 
19-Oct-14 11,190 68,490 79,680 2,103 81,783 
22-Oct-14 5,334 61,739 67,073 4,253 71,326 
24-Oct-14 2,644 58,270 60,914 7,845 68,759 
27-Oct-14 1,615 41,290 42,905 10,575 53,480 
30-Oct-14 90 25,930 26,020 29,315 55,335 
06-Nov-14 0 4,069 4,069 11,218 15,287 
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Survey 
Date 

Holding Spawning Total Live Dead 
Total Live 

+ Dead 

      
24-Sep-15 194 0 194 1 195 
1-Oct-15 852 4 856 5 861 
5-Oct-15 1,173 700 1,873 8 1,881 
9-Oct-15 1,521 2,262 3,783 13 3,796 
13-Oct-15 1,074 4,574 5,648 81 5,729 
16-Oct-15 573 5,016 5,589 145 5,734 
19-Oct-15 453 4,576 5,029 468 5,497 
22-Oct-15 580 2,802 3,382 953 4,335 
25-Oct-15 317 1,699 2,016 1,092 3,108 
29-Oct-15 142 768 910 724 1,634 
5-Nov-15 41 115 156 334 490 

      
      

19-Sep-16 37 0 37 3 40 
29-Sep-16 3,060 87 3,147 3 3,150 
7-Oct-16 9,436 6,095 15,531 12 15,543 
11-Oct-16 3,352 19,887 23,239 35 23,274 
14-Oct-16 4,380 20,166 24,546 120 24,666 
17-Oct-16 2,469 39,091 41,560 264 41,824 
20-Oct-16 1,387 24,625 26,012 826 26,838 
23-Oct-16 1,043 13,133 14,176 2,758 16,934 
27-Oct-16 1,290 5,134 6,424 4,107 10,531 
31-Oct-16 0 2,324 2,324 1,716 4,040 

      
      

26-Sep-17 563 0 563 5 568 
2-Oct-17 726 0 726 4 730 
6-Oct-17 1,739 323 2,062 10 2,072 
11-Oct-17 1,846 2,425 4,271 16 4,287 
14-Oct-17 799 3,052 3,851 32 3,883 
17-Oct-17 705 2,894 3,599 31 3,630 
20-Oct-17 554 3,273 3,827 119 3,946 
23-Oct-17 574 2,715 3,289 238 3,527 
26-Oct-17 601 1,756 2,357 530 2,887 
31-Oct-17 151 694 845 371 1,216 
4-Nov-17 101 221 322 227 549 

      
      

28-Sep-18 666 0 666 4 670 
3-Oct-18 2,441 2 2,443 2 2,445 
6-Oct-18 3,295 2,190 5,485 1 5,486 
11-Oct-18 4,098 10,510 14,608 20 14,628 
14-Oct-18 2,020 12,560 14,580 59 14,639 
17-Oct-18 1,510 14,394 15,904 171 16,075 
21-Oct-18 940 14,880 15,820 1,141 16,961 
23-Oct-18 580 10,700 11,280 1,867 13,147 
26-Oct-18 1,271 5,833 7,104 2,429 9,533 
1-Nov-18 1,114 246 1,360 775 2,135 
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Table 5. Annual abundances of Sockeye Salmon removed from the Okanagan River terminal spawning 
grounds for the Okanagan Nation Alliance’s Skaha Lake reintroduction program. (Data Source: Ryan 
Benson, ONA Fisheries, Westbank, B.C.). 
 

Return Year Females Males 
Total 

Sockeye 
    
    

2003 218 240 458 
2004 650 750 1,400 
2005 684 780 1,464 
2006 661 760 1,421 
2007 405 550 955 
2008 685 900 1,585 
2009 488 550 1,038 
2010 450 490 940 
2011 434 530 964 
2012 444 570 1,014 
2013 No Broodstock collected  
2014 1,157 1,239 2,396 
2015 217 303 520 
2016 2,531 5,502 8,033 
2017 569 708 1,277 
2018 2,278 444 2,722 
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Table 6. Fry emergence sampling results from fyke-net sampling conducted each spring (2002-2019) at 
Vertical Drop Structure 13 on the Okanagan River. Mean nightly discharge is taken from WSC gauge near 
Oliver (Station 08NM085).  
 

Brood 
Year 

Sampling 
Date 

Number 
of Sets 

Total Soak 
Time  

(Minutes) 

Total 
Fry 

Caught 

Mean 
Fry per 

Hour 

Mean Fry per 
Hour 

(Volume 
Calibrated) 

Daily Mean 
Discharge 
(m3/sec) 

        
        

2001 15-Mar-02 2 395 44 7  15.8 

 20-Mar-02 3 417 396 62  15.9 

 25-Mar-02 3 360 357 69  16.0 

 29-Mar-02 3 30 58 66  16.0 

 4-Apr-02 4 55 386 406  16.0 

 7-Apr-02 4 60 663 663  16.6 

 10-Apr-02 4 60 1,694 1,694  16.1 

 13-Apr-02 4 40 2,126 2,126  17.7 

 16-Apr-02 4 30 1,575 4,725  19.2 

 19-Apr-02 4 25 931 2,793  19.5 

 24-Apr-02 2 30 459 918  34.6 

 30-Apr-02 3 32 26 35  36.0 

        
2002 2-Apr-03 4 60 357 308  7.2 

 5-Apr-03 4 40 237 356  6.8 

 8-Apr-03 4 40 720 1,080  6.6 

 11-Apr-03 4 20 597 1,791  7.1 

 14-Apr-03 4 20 220 660  9.3 

 17-Apr-03 4 40 366 549  10.4 

 23-Apr-03 4 40 116 174  13.5 

 2-May-03 2 20 4 12  10.7 

 12-May-03 3 70 3 2  12.8 

 20-May-03 3 90 1 0  10.2 

        
2003 14-Apr-04 5 50 48 58  9.9 

 19-Apr-04 5 50 192 230  7.1 

 21-Apr-04 5 50 1,514 1,817  9.2 

 26-Apr-04 5 50 1,316 1,579  9.4 

 29-Apr-04 5 50 289 347  7.7 

 3-May-04 5 50 184 221  11.0 

 6-May-04 5 50 64 77  12.2 

 10-May-04 5 50 32 38  10.2 

 13-May-04 5 50 6 7  12.7 

 19-May-04 5 50 2 2  7.4 

 25-May-04 5 50 0 0  8.0 

        
2004 08-Apr-05 4 40 51 77  27.0 

 13-Apr-05 6 60 84 84  26.8 

 20-Apr-05 5 50 63 76  27.2 

 27-Apr-05 5 50 63 76  29.4 

 03-May-05 4 40 64 96  25.9 

 06-May-05 5 50 19 23  27.9 

 10-May-05 1 10 0 0  28.9 

 13-May-05 6 60 0 0  26.7 
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Brood 
Year 

Sampling 
Date 

Number 
of Sets 

Total Soak 
Time  

(Minutes) 

Total 
Fry 

Caught 

Mean 
Fry per 

Hour 

Mean Fry per 
Hour 

(Volume 
Calibrated) 

Daily Mean 
Discharge 
(m3/sec) 

        
        

2005 6-Apr-06 4 40 215 323  20.6 

 12-Apr-06 3 30 750 1,500  20.3 

 18-Apr-06 4 40 2,080 3,120  19.7 

 22-Apr-06 4 35 976 1,941  21.1 

 26-Apr-06 4 22 659 1,530  23.5 

 1-May-06 4 25 67 131  22.6 

 7-May-06 4 30 7 20  34.3 

 19-May-06 4 40 0 0  56.7 

        

2006 11-Apr-07 6 60 286 286  22.5 

 17-Apr-07 6 60 157 157  21.6 

 20-Apr-07 6 60 387 387  19.8 

 24-Apr-07 6 60 443 443  19.9 

 28-Apr-07 6 60 211 211  20.9 

 02-May-07 6 60 118 118  21.9 

 07-May-07 6 60 108 108  22.9 

 10-May-07 6 60 35 35  23.8 

 23-May-07 6 60 1 1  14.5 

        

2007 19-Mar-08 5 75 4 3 1 6.9 

 26-Mar-08 4 60 26 6 9 7.1 

 2-Apr-08 4 60 2 2 3 8.9 

 9-Apr-08 5 75 5 4 5 15.1 

 15-Apr-08 4 60 38 38 50 13.2 

 21-Apr-08 4 60 264 264 319 10.8 

 25-Apr-08 6 60 446 547 1,152 10.6 

 28-Apr-08 6 60 424 497 976 10.7 

 02-May-08 6 60 359 437 865 12.2 

 05-May-08 6 60 304 327 580 14.2 

 09-May-08 6 60 48 57 103 15.2 

 12-May-08 6 60 45 51 84 14.6 

 16-May-08 6 60 1 1 1 22.2 

        

2008 19-Mar-09 5 75 23 22 32 5.9 

 26-Mar-09 5 75 39 38 61 5.8 

 1-Apr-09 5 75 25 24 80 5.8 

 7-Apr-09 5 75 143 141 300 6.9 

 10-Apr-09 5 75 489 489 1,331 6.1 

 14-Apr-09 5 75 244 243 926 6.2 

 17-Apr-09 5 75 625 624 1,708 6.0 

 22-Apr-09 5 75 2,326 2,326 4,387 7.7 

 26-Apr-09 5 75 872 872 1,784 8.0 

 30-Apr-09 5 75 946 946 1,192 7.6 

 4-May-09 5 75 815 815 1,211 9.1 

 8-May-09 5 75 634 634 839 8.7 

 13-May-09 5 75 128 128 191 8.7 

        



32 
 

Brood 
Year 

Sampling 
Date 

Number 
of Sets 

Total Soak 
Time  

(Minutes) 

Total 
Fry 

Caught 

Mean 
Fry per 

Hour 

Mean Fry per 
Hour 

(Volume 
Calibrated) 

Daily Mean 
Discharge 
(m3/sec) 

        
        
 17-May-09 5 75 172 172 266 9.6 

 21-May-09 5 75 18 18 22 10.2 

 29-May-09 5 75 1 0 0 9.6 

        

2009 11-Mar-10 4 60 19 19 39 5.5 

 18-Mar-10 4 60 140 140 n/a 6.5 

 24-Mar-10 5 75 70 56 112 6.2 

 01-Apr-10 4 60 349 348 502 6.5 

 06-Apr-10 4 60 491 583 1,249 6.0 

 09-Apr-10 4 60 849 849 2,118 6.4 

 13-Apr-10 5 60 2,289 2,479 7,014 5.8 

 16-Apr-10 7 60 4,513 4,606 17,000 6.1 

 20-Apr-10 4 60 1,403 1,403 2,134 7.6 

 25-Apr-10 5 60 32 26 66 9.6 

 29-Apr-10 4 60 158 158 160 11.1 

        

2010 16-Mar-11 4 60 12 12 40 7.2 

 24-Mar-11 4 60 43 43 77 7.1 

 31-Mar-11 4 60 174 174 226 7.5 

 07-Apr-11 4 60 339 339 581 7.9 

 11-Apr-11 4 60 226 226 423 11.4 

 14-Apr-11 4 60 350 350 785 19.7 

 20-Apr-11 4 60 448 448 995 20.5 

 23-Apr-11 3 57 1,263 1,087 1,207 20.4 

 26-Apr-11 8 60 1,216 1,216 5,574 21.1 

 29-Apr-11 8 60 629 629 3,434 21.8 

 02-May-11 8 60 596 596 2,024 21.3 

 05-May-11 4 60 1,018 1,018 2,905 24.3 

 09-May-11 4 60 296 296 631 35.2 

        
2011 21-Mar-12 4 61 16 16 31 5.80 

 27-Mar-12 4 60 25 25 50 5.61 

 3-Apr-12 4 62 45 45 71 7.07 

 10-Apr-12 4 60 287 287 437 7.76 

 19-Apr-12 4 60 450 450 692 11.63 

 21-Apr-12 4 60 1,203 1,203 1,892 11.80 

 23-Apr-12 4 37.5 2,377 3,960 9,010 12.82 

 1-May-12 6 46.5 146 186 242 43.40 

 3-May-12 8 56 41 50 74 52.76 

        
2012 19-Mar-13 4 60 26 26 29 26.6 

 4-Apr-13 4 60 546 546 585 27.8 

 11-Apr-13 4 60 506 506 516 27.9 

 17-Apr-13 4 60 764 764 835 25.6 

 23-Apr-13 7 60 637 980 1,753 27.5 

 29-Apr-13 8 56 681 730 1,430 30.1 

 3-May-13 8 56 264 283 425 44.61 
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Brood 
Year 

Sampling 
Date 

Number 
of Sets 

Total Soak 
Time  

(Minutes) 

Total 
Fry 

Caught 

Mean 
Fry per 

Hour 

Mean Fry per 
Hour 

(Volume 
Calibrated) 

Daily Mean 
Discharge 
(m3/sec) 

        
        

2013 18-Mar--14 4 60 3 3 4 24.2 

 31-Mar-14 4 60 5 5 6 22.9 

 09-Apr-14 4 60 23 23 27 22.7 

 16-Apr-14 4 60 21 21 25 20.3 

 19-Apr-14 8 64 745 722 1,411 21.4 

 22-Apr-14 7 56 1,004 1,076 2,284 22.4 

 25-Apr-14 8 56 994 1,065 2,202 25.8 

 28-Apr-14 8 56 1,057 1,133 2,311 27.0 

 01-May-14 8 56 1,369 1,467 2,878 29.1 

 04-May-14 4 28 91 195 327 38.3 

        
2014 11-Mar-15 4 60 43 43 50 20.07 

 18-Mar-15 4 60 88 88 117 18.79 

 25-Mar-15 3 45 66 88 106 21.12 

 01-Apr-15 4 60 262 262 301 24.67 

 06-Apr-15 4 65 1,064 966 1,214 22.80 

 09-Apr-15 7 52.5 652 745 1,926 22.23 

 12-Apr-15 8 60 1,584 1,584 3,689 21.85 

 15-Apr-15 8 60 2,736 2,736 6,565 21.29 

 19-Apr-15 8 60 3,979 3,979 9,214 22.17 

 22-Apr-15 8 60 3,360 3,360 7,693 23.80 

 28-Apr-15 7 52.5 1,415 1,127 2,639 22.87 

 04-May-15 3 45 255 340 346 24.07 

        
2015 23-Mar-16 4 60 5 5 6 25.51 

 30-Mar-16 4 60 21 21 29 26.04 

 03-Apr-16 7 60 386 305 422 26.87 

 06-Apr-16 8 60 419 419 810 26.13 

 09-Apr-16 8 60 346 346 655 27.55 

 11-Apr-16 8 60 324 324 607 26.92 

 13-Apr-16 7 60 132 140 266 27.81 

  Sampling terminated for season – net broken  

        
2016 03-Apr-17 4 60 55 55 59 22.25 

 09-Apr-17 4 60 47 47 49 25.25 

 13-Apr-17 4 60 338 338 346 26.04 

 17-Apr-17 7 60 655 574 1,120 25.65 

 20-Apr-17 8 60 1,599 1,599 2,990 27.81 

 23-Apr-17 8 60 1,763 1,763 3,673 28.96 

 27-Apr-17 8 60 2,259 2,259 3,105 49.88 

 03-May-17 2* 15 126 504 668 72.00 

  *Sampling terminated at 3rd set – ropes broken  
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Brood 
Year 

Sampling 
Date 

Number 
of Sets 

Total Soak 
Time  

(Minutes) 

Total 
Fry 

Caught 

Mean 
Fry per 

Hour 

Mean Fry per 
Hour 

(Volume 
Calibrated) 

Daily Mean 
Discharge 
(m3/sec) 

        
   

2017 See Table 7  
        

2018 14-Apr-19 4 60 122 122 na  17.28 

 17-Apr-19 4 60 237 237 260 17.19 

 20-Apr-19 7 60 2,054 2,038 3,849 20.16 

 23-Apr-19 8 60 3,449 3,449 6,556 19.62 

 25-Apr-19 8 60 2,764 2,764 5,311 19.94 

 27-Apr-19 8 60 1,593 1,593 3,176 19.44 

 29-Apr-19 8 60 2,011 2,011 4,403 18.42 

 3-May-19 4 60 1,773 1,773 2,144  17.76 

 7-May-19 4 60 591 591 651 19.17 
        

 
 
 

Table 7. Fry emergence sampling results from modified fyke-net sampling conducted during exceptionally 
high flows in 2018. Mean discharge is taken from WSC gauge near Oliver (Station 08NM085). 
 

Brood 
Year 

Sampling 
Date 

Time of 
Day 

Number 
of Sets 

Total Soak 
Time  

(Minutes) 

Total 
Fry 

Caught 

Mean 
Fry per 

Hour 

Daily Mean 
Discharge 
(m3/sec) 

        
2017 16-Mar-18 Day 3 22.5 0 0 31.0 

 21-Mar-18 Day 4 105.0 0 0 31.6 

 27-Mar-18 Day 3 45.0 0 0 52.6 

 30-Mar-18 Day 4 97.5 1 2 54.2 

        
 4-Apr-18 Day 4 52.5 2 2 63.2 

 4-Apr-18 Night 3 45.0 18 24 63.2 

        
 9-Apr-18 Day 4 52.5 2 2 67.8 

 9-Apr-18 Night 3 45.0 36 48 67.8 

        
 12-Apr-18 Day 4 52.0 1 2 71.7 

 12-Apr-18 Night 3 45.0 28 37 71.7 

        
 18-Apr-18 Day 4 52.0 2 2 72.7 

 18-Apr-18 Night 3 45.0 33 44 72.7 

        
 24-Apr-18 Day 4 52.0 2 2 72.1 

 24-Apr-18 Night 3 45.0 112 149 72.1 

        
 3-May-18 Day 4 52.0 4 6 84.8 

 3-May-18 Night 3 45.0 49 65 84.8 
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Table 8. Abundance of Sockeye Salmon fry by developmental stage (Figure 4) as determined from fish 
captured in fyke nets at Vertical Drop Structure 13. 
 

Brood 
Year 

Date Stage 1 Stage 2 Stage 3 Stage 4  Stage 5 Total 

        
2007 19-Mar-08 0 0 0 0 4 4 

 26-Mar-08 0 1 1 1 3 6 

 2-Apr-08 0 1 0 1 0 2 

 9-Apr-08 0 1 1 0 3 5 

 15-Apr-08 0 0 3 12 23 38 

 21-Apr-08 3 9 13 28 202 255 

 25-Apr-08 0 0 6 16 416 438 

 28-Apr-08 0 0 8 5 404 417 

 02-May-08 0 0 3 81 275 359 

 05-May-08 0 0 21 61 222 304 

 09-May-08 0 0 1 15 27 43 

 12-May-08 0 0 0 21 14 35 

        
2008 19-Mar-09 5 1 1 3 12           22  

 26-Mar-09 20 4 7 0 8           39  

 1-Apr-09 6 3 10 2 4           25  

 7-Apr-09 6 21 70 20 26         143  

 10-Apr-09 19 40 219 33 178         489  

 14-Apr-09 10 13 70 41 110         244  

 17-Apr-09 14 29 211 34 337         625  

 22-Apr-09 25 58 555 638 1,050      2,326  

 26-Apr-09 0 3 61 147 661         872  

 30-Apr-09 0 3 85 176 682         946  

 4-May-09 0 0 72 175 569         816  

 8-May-09 0 1 49 119 465         634  

 13-May-09 0 0 10 24 94         128  

 17-May-09 0 0 10 18 144         172  

 21-May-09 0 0 0 2 16           18  

        
2009 11-Mar-10 2 4 1 2 10           19  

 18-Mar-10 11 50 40 16 23         140  

 24-Mar-10 2 15 33 10 11           71  

 31-Mar-10  from two sets / fry not staged 247 

 01-Apr-10 3 17 55 105 169         349  

 06-Apr-10 0 4 47 145 295         491  

 09-Apr-10 1 3 19 30 796         849  

 13-Apr-10 0 3 33 275 1,978      2,289  

 16-Apr-10 2 25 67 94 4,325      4,513  

 20-Apr-10 1 5 120 457 820      1,403  

 25-Apr-10 0 0 0 8 24           32  

 29-Apr-10 0 0 3 15 140         158  

        
2010 16-Mar-11 3 3 0 0 3             9  

 24-Mar-11 4 1 18 10 6           39  

 31-Mar-11 3 50 73 35 10         171  

 07-Apr-11 4 35 136 135 25         335  

 11-Apr-11 0 15 73 71 62         221  

 14-Apr-11 0 16 107 113 114         350  

 20-Apr-11 0 1 51 57 339         448  
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Brood 
Year 

Date Stage 1 Stage 2 Stage 3 Stage 4  Stage 5 Total 

        
2010 23-Apr-11 0 4 22 76 1,161      1,263  

 26-Apr-11 0 3 67 123 1,023      1,216  

 29-Apr-11 0 0 26 57 546         629  

 02-May-11 0 0 12 42 542         596  

 05-May-11 0 1 44 19 954      1,018  

 09-May-11 0 1 10 82 203         296  

        
2011 21-Mar-12 1 6 2 2 5           16  

 27-Mar-12 0 1 6 4 14           25  

 3-Apr-12 4 7 19 7 8           45  

 10-Apr-12 29 38 68 77 69         281  

 19-Apr-12 1 2 13 61 151         228  

 21-Apr-12 2 14 86 295 806      1,203  

 23-Apr-12 0 3 71 944 1,359      2,377  

 1-May-12 0 1 35 64 46         146  

 3-May-12 0 1 15 8 17           41  

        
2012 19-Mar-13 7 10 1 4 4           26  

 4-Apr-13 0 35 221 286 24         566  

 11-Apr-13 1 14 189 228 74         506  

 17-Apr-13 0 4 153 168 439         764  

 23-Apr-13 0 2 36 119 480         637  

 29-Apr-13 0 1 31 140 509         681  

 3-May-13 0 0 1 102 161         264  

        
2013 31-Mar-14 0 0 0 0 0 0 

 09-Apr-14 0 3 0 0 6 0 

 16-Apr-14 1 1 17 2 2 1 

 19-Apr-14 0 4 3 7 7 0 

 22-Apr-14 0 0 5 129 611 0 

 25-Apr-14 0 0 7 79 918 0 

 28-Apr-14 0 0 0 102 892 0 

 01-May-14 0 0 0 98 959 0 

 04-May-14 0 0 0 419 950 0 

        
2014 11-Mar-15 8 10 6 17 2 8 

 18-Mar-15 23 23 19 20 0 23 

 25-Mar-15 16 10 10 25 5 16 

 01-Apr-15 2 19 60 171 6 2 

 06-Apr-15 2 76 193 218 431 2 

 09-Apr-15 0 22 92 386 162 0 

 12-Apr-15 0 33 152 611 788 0 

 15-Apr-15 0 29 150 889 1,668 0 

 19-Apr-15 0 22 128 1,034 2,530 0 

 22-Apr-15 0 0 35 1,080 1,426 0 
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Brood 
Year 

Date Stage 1 Stage 2 Stage 3 Stage 4  Stage 5 Total 

        
2015 23-Mar-16 0 0 3 2 0             5  

 30-Mar-16 0 0 0 17 4           21  

 03-Apr-16 0 0 16 163 207         386  

 06-Apr-16 0 3 9 147 260         419  

 09-Apr-16 0 1 21 181 143         346  

 11-Apr-16 1 0 13 201 109         324  

 13-Apr-16 0 0 0 12 7           19  

        
2016 03-Apr-17 3 12 14 21 5           55  

 09-Apr-17 1 4 18 20 4           47  

 13-Apr-17 1 13 107 163 54         338  

 17-Apr-17 0 1 107 268 279         655  

 20-Apr-17 0 3 136 510 950      1,599  

 23-Apr-17 0 2 37 300 1,424      1,763  

 27-Apr-17 0 1 20 374 1,864      2,259  

 03-May-17 0 0 9 40 77         126  

        

2017 See Table 9 

        

2018 14-Apr-19 1 18 31 52 16 118 

 17-Apr-19 1 11 45 142 37 236 

 20-Apr-19 0 19 263 1,386 384 2,052 

 23-Apr-19 1 16 165 2,018 1,193 3,393 

 25-Apr-19 0 2 1 30 60 93 

 27-Apr-19 0 3 33 523 1,033 1,592 

 29-Apr-19 0 4 26 684 1,287 2,001 

 3-May-19 0 0 12 553 1,201 1,766 

 7-May-19 0 0 14 207 368 589 
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Table 9. Abundance of Sockeye Salmon fry by developmental stage (Figure 4) as determined by modified 
fyke net sampling at Vertical Drop Structure 13 in 2018, an extremely high flow year (Table 6).  
 

Brood 
Year 

Date Stage 1 Stage 2 Stage 3 Stage 4  Stage 5 Dead 

        
2017 16-Mar-18 (day) 0 0 0 0 0 0 

 21-Mar-18 (day) 0 0 0 0 0 0 

 27-Mar-18 (day) 0 0 0 0 0 2 

 30-Mar-18 (day) 0 1 0 0 0 0 

        
 04-Apr-18 (day) 0 1 0 0 0 0 

 04-Apr-18 (night) 0 8 8 2 0 5 

        
 09-Apr-18 (day) 0 2 0 0 0 0 

 09-Apr-18 (night) 1 7 22 5 1 0 

        
 12-Apr-18 (day) 1 0 0 0 0 0 

 12-Apr-18 (night) 1 3 9 19 1 0 

        
 18-Apr-18 (day) 0 1 1 0 0 0 

 18-Apr-18 (night) 1 3 9 19 1 1 

        
 24-Apr-18 (day) 0 0 0 2 0 0 

 24-Apr-18 (night) 0 0 16 76 20 5 

        
 3-May-18 (day) 0 0 0 0 0 4 

 3-May-18 (night) 0 0 0 35 14 0 
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Table 10. Summary of counts by developmental stage and size (as mean length in cm) from lab analysis 
of sub-sets of Sockeye Salmon fry captured in fyke nets (Table 7). 
 

  Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
Brood 

Year 
Sampling 

Date 
Count Length  Count Length  Count Length  Count Length  Count Length  

            
            

2007 21-Apr-08 0  1 2.5 3 2.67 43 2.83 62 2.88 
 25-Apr-08 0  0  3 2.60 2 2.55 97 2.73 
 28-Apr-08 0  0  1 2.80 28 2.89 68 2.94 
 2-May-08 0  0  2 2.70 21 2.69 78 2.71 
 5-May-08 0  0  7 2.56 20 2.65 73 2.69 
 9-May-08 0  0  1 2.70 28 2.89 15 2.82 

12-May-08 0  0  1 2.90 24 2.83 14 2.87 
            

2008 19-Mar-09 5 2.24 1 2.40 1 2.70 3 2.73 12 2.67 
 26-Mar-09 20 2.40 4 2.60 7 2.69 0  8 3.20 
 1-Apr-09 6 2.40 3 2.50 10 2.66 2 2.80 4 2.88 
 7-Apr-09 3 2.47 17 2.61 53 2.75 14 2.91 13 2.94 
 10-Apr-09 2 2.47 14 2.64 51 2.73 14 2.80 23 2.91 
 14-Apr-09 0  7 2.56 34 2.67 27 2.81 28 2.89 
 17-Apr-09 0  5 2.56 30 2.75 28 2.85 39 2.89 
 22-Apr-09 1 2.50 4 2.53 9 2.71 32 2.82 54 2.89 
 26-Apr-09 0  1 2.50 6 2.62 20 2.79 75 2.87 
 30-Apr-09 0  1 2.50 11 2.73 16 2.84 73 2.91 
 4-May-09 0  0  10 2.83 30 2.85 61 2.90 
 8-May-09 0  0  11 2.75 29 2.83 66 2.89 
            

2009 11-Mar-10 2 2.45 4 2.60 1 2.80 1 2.90 10 2.86 
 18-Mar-10 8 2.54 43 2.59 32 2.77 12 2.79 20 2.81 
 24-Mar-10 2 2.50 15 2.57 33 2.71 10 2.82 11 2.90 
 31-Mar-10 0  2 2.70 3 2.47 34 2.72 8 2.80 
 1-Apr-10 0  2 2.45 16 2.54 35 2.55 47 2.59 
 6-Apr-10 0  1 2.40 8 2.69 22 2.80 70 2.93 
 9-Apr-10 0  0  6 2.60 15 2.75 91 2.95 
 13-Apr-10 0  1 2.70 8 2.63 12 2.78 80 2.85 
 16-Apr-10 0  1 2.60 2 2.65 10 2.80 92 2.88 
 20-Apr-10 1 2.30 0  18 2.64 38 2.69 42 2.78 
 25-Apr-10 0  0  1 2.60 8 2.69 24 2.78 
 29-Apr-10 0  0  2 2.70 7 2.73 81 2.74 
            

2010 16-Mar-11 3 2.10 3 2.53 0  0  3 2.80 
 24-Mar-11 4 2.38 1 2.50 18 2.61 10 2.80 6 2.82 
 31-Mar-11 2 2.15 31 2.52 43 2.65 18 2.76 6 2.90 
 7-Apr-11 4 2.40 29 2.48 29 2.63 26 2.78 4 2.93 
 11-Apr-11 1 2.40 14 2.47 43 2.54 23 2.75 15 2.85 
 14-Apr-11 1 2.10 19 2.28 35 2.42 33 2.50 13 2.54 
 17-Apr-11 0  1 2.20 36 2.38 35 2.47 23 2.51 
 20-Apr-11 0  1 2.30 22 2.37 14 2.48 63 2.53 
 23-Apr-11 1 2.50 2 2.65 6 2.72 19 2.82 73 2.89 
 26-Apr-11 0  3 2.30 11 2.35 24 2.47 63 2.51 
 29-Apr-11 0  0  3 2.40 22 2.45 73 2.51 
 2-May-11 0  0  1 2.50 6 2.47 43 2.52 
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  Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
Brood 

Year 
Sampling 

Date 
Count Length  Count Length  Count Length  Count Length  Count Length  

            
2011 21-Mar-12 1 2.10 6 2.52 2 2.60 2 3.00 5 2.82 

 27-Mar-12 0  1 2.80 6 2.72 4 2.90 14 2.90 
 3-Apr-12 4 2.55 7 2.67 19 2.72 7 2.81 8 2.85 
 10-Apr-12 6 2.43 17 2.62 17 2.72 27 2.77 34 2.89 
 19-Apr-12 1 2.40 2 2.45 13 2.62 45 2.73 103 2.85 
 21-Apr-12 0  1 2.70 13 2.78 30 2.87 56 2.93 
 23-Apr-12 0  0  4 2.80 29 2.85 69 2.87 
 30-Apr-12 0  0  11 2.72 36 2.76 7 2.80 
 3-May-12 0  1 2.50 15 2.62 8 2.69 17 2.69 
            

2012 19-Mar-13 7 2.44 11 2.65 1 2.70 4 2.78 4 2.88 
 4-Apr-13 0  7 2.56 45 2.71 51 2.85 3 2.90 
 11-Apr-13 1 2.10 9 2.59 48 2.70 27 2.84 21 2.90 
 17-Apr-13 0  0  28 2.71 25 2.85 48 2.91 
 23-Apr-13 0  1 2.50 13 2.78 29 2.84 53 2.88 
 29-Apr-13 0  0  8 2.75 33 2.78 52 2.82 
 3-May-13 0  0  0  48 2.72 52 2.78 
            

2013 31-Mar-14 0  3 2.43 0  0  0  
 9-Apr-14 1 2.00 1 2.30 17 2.42 2 2.40 2 2.65 
 16-Apr-14 0  4 2.30 3 2.47 7 2.41 2 2.45 
 19-Apr-14 0  0  0  28 2.74 7 2.53 
 22-Apr-14 0  0  2 2.45 11 2.76 78 2.83 
 25-Apr-14 0  0  0  26 2.79 84 2.84 
 28-Apr-14 0  0  0  35 2.76 61 2.83 
 1-May-14 0  0  0  46 2.79 78 2.84 
 4-May-14 0  0  1 2.4 57 2.78 56 2.83 
            

2014 11-Mar-15 8 2.26 10 2.51 5 2.64 12 2.85 0    
 18-Mar-15 20 2.29 26 2.42 23 2.56 13 2.70 3 2.80 
 25-Mar-15 16 2.34 11 2.51 10 2.59 25 2.77 5 2.88 
 1-Apr-15 2 2.25 8 2.50 27 2.64 61 2.76 1 2.90 
 6-Apr-15 2 2.40 4 2.58 14 2.61 37 2.71 38 2.81 
 9-Apr-15 0  13 2.50 19 2.72 60 2.78 10 2.91 
 12-Apr-15 0  4 2.45 8 2.66 56 2.81 42 2.80 
 15-Apr-15 0  3 2.47 10 2.62 50 2.77 38 2.87 
 19-Apr-15 0  0  3 2.67 49 2.75 30 2.84 
 22-Apr-15 0  0  3 2.60 59 2.74 38 2.83 
            

2015 23-Mar-16 0  3 2.70 0    1 2.90 0    
 30-Mar-16 0  0  0    20 2.80 1 2.90 
 03-Apr-16 0  0  9 2.63 141 2.75 53 2.80 
 06-Apr-16 0  2 2.40 8 2.43 18 2.57 137 2.70 
 09-Apr-16 0  1 2.50 12 2.53 99 2.72 58 2.75 
 11-Apr-16 1 2.00 0  12 2.51 121 2.67 46 2.77 
 13-Apr-16 0  0  7 2.56 96 2.73 39 2.76 
            

2016 3-Apr-17 3 2.37 14 2.61 14 2.70 21 2.81 3 2.93 
 9-Apr-17 1 2.70 3 2.67 20 2.78 19 2.92 2 3.00 
 13-Apr-17 0  6 2.67 54 2.78 29 2.95 8 2.95 
 17-Apr-17 0  0  36 2.79 51 2.92 19 2.97 
 20-Apr-17 0  0  9 2.68 65 2.84 59 2.89 
 23-Apr-17 0  0  4 2.75 33 2.88 68 2.88 
 27-Apr-17 0  0  1 2.70 28 2.86 71 2.89 
 3-May-17 0  0  6 2.77 19 2.81 10 2.86 
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  Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
Brood 

Year 
Sampling 

Date 
Count Length  Count Length  Count Length  Count Length  Count Length  

            
2017 30-Mar-18 0  1 2.60 0  0  0  

 4-Apr-18 0  11 2.57 7 2.70 2 2.70 0  
 8-Apr-18 0   0   1 2.70 0  0  
 9-Apr-18 1 2.30 7 2.64 21 2.74 5 2.92 1 3.10 
 12-Apr-18 2 2.30 5 2.56 11 2.66 5 2.74 6 2.95 
 18-Apr-18 1 2.20 4 2.60 11 2.75 19 2.83 0  
 24-Apr-18 0   0   15 2.70 76 2.83 19 2.91 
            

2018 14-Apr-19 1 2.4 14 2.61 26 2.74 37 2.82 11 2.90 
 17-Apr-19 0  8 2.56 22 2.74 51 2.85 8 2.96 
 20-Apr-19 0  3 2.57 11 2.69 74 2.87 15 2.89 
 23-Apr-19 0  5 2.58 13 2.72 56 2.86 28 2.92 
 25-Apr-19 0  2 2.60 11 2.66 61 2.84 48 2.90 
 27-Apr-19 0  2 2.30 7 2.76 73 2.86 47 2.93 
 29-Apr-19 0  1 2.60 4 2.65 59 2.84 40 2.92 
 3-May-19 0  0  2 2.60 45 2.83 50 2.86 
 7-May-19 0  0  9 2.73 41 2.83 24 2.86 
            



42 
 

Table 11. Daily mean water temperatures during Okanagan Sockeye spawning and incubation September 
2002 to May 2011 from Water Survey of Canada gauge Okanagan River at Okanagan Falls (Station 
08NM002; Figure 1).    
 

Sample 
Date 

2002 -
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 - 
2008 

2008 -
2009 

2009 - 
2010 

2010 - 
2011 

          
15-Sep  18.16 17.87 18.50 18.93 18.88 17.89 19.67 17.50 
16-Sep  17.89 17.63 18.20 18.59 18.70 18.04 19.14 18.00 
17-Sep  17.69 17.28 18.17 18.43 18.34 18.13 19.48 18.00 
18-Sep 19.40 16.56 16.93 18.13 18.01 17.97 18.12 19.21 17.60 
19-Sep 18.89 16.00 16.69 17.92 17.99 17.77 18.24 18.64 17.40 
20-Sep 18.12 16.87 16.37 17.80 17.60 17.56 18.23 18.21 17.20 
21-Sep 17.71 16.85 16.44 17.55 17.14 17.32 17.96 18.10 16.80 
22-Sep 17.71 17.03 16.32 17.01 16.94 17.05 17.44 18.15 16.70 
23-Sep 17.96 17.08 16.19 16.58 17.01 16.56 16.95 18.07 16.50 
24-Sep 17.90 16.86 16.16 16.26 17.22 16.45 16.59 18.47 15.90 
25-Sep 17.70 16.94 16.24 16.45 17.29 16.30 16.38 18.46 15.10 
26-Sep 17.22 17.13 16.52 16.30 17.19 16.31 16.22 18.50 14.90 
27-Sep 17.02 17.16 16.66 16.00 17.45 16.08 16.09 17.76 15.80 
28-Sep 16.92 17.13 16.80 15.75 17.66 15.80 15.89 17.48 15.70 
29-Sep 16.58 17.13 16.71 15.94 17.82 15.28 16.05 16.97 15.90 
30-Sep 16.06 17.29 16.27 15.74 17.47 12.44 16.19 16.54 16.10 

1-Oct 15.92 17.20 16.02 15.40 16.95 13.51 16.46 16.19 16.30 
2-Oct 15.79 17.09 15.93 14.92 16.50 13.67 16.48 15.85 16.60 
3-Oct 15.74 16.99 16.02 14.68 16.03 13.55 16.15 15.18 16.40 
4-Oct 15.62 16.88 15.95 14.68 15.59 13.36 15.79 14.90 16.30 
5-Oct 15.56 16.77 15.54 14.41 15.82 13.28 15.29 14.72 16.00 
6-Oct 15.62 16.71 15.42 14.26 16.07 13.15 14.99 14.65 15.80 
7-Oct 15.60 16.47 15.16 14.11 15.40 12.22 13.31 14.50 15.80 
8-Oct 15.61 15.47 14.87 13.85 15.19 11.84 13.82 14.04 15.60 
9-Oct 15.43 13.62 14.65 13.80 14.98 12.93 13.39 12.89 13.90 

10-Oct 14.87 14.33 14.44 13.05 14.73 12.93 12.98 12.72 13.60 
11-Oct 14.05 14.02 14.32 12.87 14.74 12.83 12.63 12.48 14.10 
12-Oct 13.77 12.37 14.27 13.44 14.80 12.85 12.72 12.07 14.10 
13-Oct 13.85 12.77 14.57 12.94 14.82 12.81 12.73 11.87 13.80 
14-Oct 13.62 13.51 14.69 12.91 14.63 12.84 12.61 11.84 13.50 
15-Oct 13.52 13.01 14.40 12.87 14.55 12.67 12.27 11.91 13.20 
16-Oct 13.54 12.29 14.15 12.79 14.29 12.65 12.26 11.94 13.00 
17-Oct 13.54 10.95 13.66 12.72 13.63 12.23 11.98 11.97 12.80 
18-Oct 13.44 11.88 13.45 12.57 13.52 11.48 11.95 12.18 12.80 
19-Oct 13.30 11.60 13.25 12.32 13.45 11.44 11.71 12.15 12.70 
20-Oct 13.21 12.07 13.09 12.31 13.37 11.06 11.55 12.06 12.60 
21-Oct 13.10 12.46 12.55 12.10 12.97 10.67 11.50 12.04 12.60 
22-Oct 12.95 12.89 12.17 12.06 12.69 10.68 11.34 11.81 12.50 
23-Oct 12.78 12.39 11.72 12.28 12.63 10.85 10.63 11.64 12.30 
24-Oct 12.45 12.03 11.23 12.23 12.53 10.68 10.26 11.31 12.20 
25-Oct 12.21 12.03 10.85 12.10 12.30 10.47 10.22 10.72 11.90 
26-Oct 11.78 11.82 10.65 11.86 11.67 10.15 9.95 10.53 11.70 
27-Oct 11.42 12.00 10.44 11.42 10.42 10.05 9.72 10.01 11.60 
28-Oct 11.29 11.96 10.14 11.14 11.15 10.03 9.76 9.98 11.40 
29-Oct 10.58 11.28 10.10 11.10 10.45 9.92 9.61 9.65 11.20 
30-Oct 10.13 10.37 9.70 10.69 9.40 9.63 9.56 8.80 11.00 
31-Oct 9.84 9.41 9.31 10.25 9.00 9.45 9.67 8.87 10.90 
1-Nov 9.36 9.49 8.87 9.83 8.81 9.20 9.73 8.69 10.30 
2-Nov 9.11 9.40 8.57 10.04 8.85 8.71 9.95 8.75 9.17 
3-Nov 8.80 8.60 8.35 9.66 8.49 8.71 9.67 8.59 9.96 
4-Nov 8.43 8.42 8.35 9.15 8.43 8.78 9.49 8.39 10.00 
5-Nov 8.34 8.17 8.02 8.69 8.46 8.51 9.14 8.28 10.20 
6-Nov 8.29 8.05 8.11 8.60 8.60 8.42 8.66 8.32 10.20 
7-Nov 8.36 7.91 8.08 8.16 8.73 8.55 8.85 7.92 10.10 
8-Nov 8.45 7.71 7.95 7.91 8.32 8.60 8.84 7.80 9.65 
9-Nov 8.58 7.84 7.80 7.75 8.07 8.62 8.91 7.72 9.17 

10-Nov 8.53 8.17 7.88 7.46 7.71 8.63 8.88 7.72 9.31 
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Sample 
Date 

2002 -
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 - 
2008 

2008 -
2009 

2009 - 
2010 

2010 - 
2011 

          
11-Nov 8.58 8.06 7.66 7.74 7.67 8.37 8.55 7.51 9.09 
12-Nov 8.46 7.66 7.59 7.44 7.57 7.60 8.57 7.09 8.97 
13-Nov 8.40 7.57 7.43 7.28 7.45 7.56 8.09 6.78 8.81 
14-Nov 8.31 7.44 7.25 6.93 7.20 7.04 7.57 6.73 8.66 
15-Nov 8.01 7.51 7.34 6.72 6.87 6.77 7.25 6.48 8.59 
16-Nov 7.73 7.24 7.28 6.62 7.19 7.23 7.40 6.63 8.49 
17-Nov 7.59 7.42 7.00 6.54 6.98 7.44 7.22 7.02 8.28 
18-Nov 7.49 7.29 7.04 6.69 6.80 7.08 7.30 6.69 7.69 
19-Nov 7.64 7.17 7.18 6.72 6.70 6.33 6.96 6.49 6.52 
20-Nov 7.82 6.84 6.92 6.61 6.88 6.05 6.84 6.80 5.19 
21-Nov 7.83 5.37 6.63 6.69 6.81 5.72 6.80 6.79 4.40 
22-Nov 7.86 4.96 6.45 6.50 6.73 5.35 6.63 6.52 4.05 
23-Nov 7.52 5.43 6.61 6.18 6.59 5.19 6.52 6.44 2.77 
24-Nov 7.10 5.27 6.57 6.03 6.42 4.63 6.35 6.58 3.42 
25-Nov 6.71 5.23 6.56 5.98 6.15 4.86 6.30 6.56 3.53 
26-Nov 6.38 5.45 6.30 5.91 5.56 4.61 6.04 6.61 3.93 
27-Nov 6.17 5.14 6.20 5.65 3.56 4.71 5.89 6.36 4.46 
28-Nov 6.03 5.01 6.06 5.47 1.47 4.75 5.73 6.10 4.59 
29-Nov 6.00 5.52 5.64 5.32 1.99 4.72 6.06 5.98 4.15 
30-Nov 5.97 5.11 5.56 5.30 2.48 4.21 6.10 6.10 4.06 
1-Dec 5.99 4.75 5.73 5.12 3.00 4.04 6.10 5.67 4.41 
2-Dec 5.86 4.86 5.74 4.79 3.10 3.88 5.91 4.86 4.53 
3-Dec 5.81 5.11 5.76 4.47 3.08 4.54 5.32 4.44 4.21 
4-Dec 5.92 4.71 5.80 4.20 2.98 5.71 4.94 4.32 4.07 
5-Dec 5.85 4.58 5.73 3.46 2.87 5.40 4.92 4.17 3.64 
6-Dec 5.80 4.75 5.63 3.94 3.00 4.92 4.99 3.83 3.66 
7-Dec 5.99 4.85 5.50 3.48 2.97 4.02 5.26 3.18 3.65 
8-Dec 5.79 4.73 5.43 3.09 3.02 3.03 5.36 2.73 4.09 
9-Dec 5.64 4.65 5.51 2.77 2.98 3.19 5.18 3.06 4.19 

10-Dec 5.59 3.83 5.50 3.27 3.16 3.23 5.16 2.95 4.34 
11-Dec 5.51 3.74 5.40 3.00 3.13 2.89 5.04 2.82 4.08 
12-Dec 5.60 3.74 5.01 2.80 3.45 3.21 4.70 2.93 4.14 
13-Dec 5.87 4.04 4.95 2.79 3.52 3.27 4.06 2.54 4.29 
14-Dec 5.98 4.16 4.94 2.73 3.33 3.32 3.14 1.10 4.29 
15-Dec 6.23 4.01 5.11 2.76 3.24 3.33 1.86 1.65 3.94 
16-Dec 5.99 3.88 5.16 2.59 3.01 3.41 1.24 2.61 3.77 
17-Dec 5.63 3.78 5.16 2.57 2.88 3.41 1.72 2.83 3.75 
18-Dec 5.52 3.89 5.14 2.41 2.45 3.41 2.15 3.04 3.34 
19-Dec 5.35 3.74 5.09 2.36 2.40 3.44 0.27 3.12 3.24 
20-Dec 5.16 3.60 4.99 2.94 2.78 3.51 0.52 3.12 3.12 
21-Dec 5.05 3.66 4.80 3.16 2.63 3.14 0.54 3.26 3.27 
22-Dec 4.81 3.63 4.59 3.18 2.73 2.97 0.74 2.56 3.24 
23-Dec 4.99 3.73 4.50 3.23 2.68 2.81 0.84 1.76 3.43 
24-Dec 4.90 3.74 4.38 3.48 2.63 2.96 1.05 1.33 3.31 
25-Dec 4.59 3.81 4.44 3.55 2.76 2.67 1.20 1.57 3.54 
26-Dec 4.89 3.68 4.50 3.55 2.73 2.68 1.23 1.69 3.55 
27-Dec 4.75 3.19 4.37 3.58 2.58 2.53 1.45 1.56 3.26 
28-Dec 4.67 3.19 4.31 3.54 2.03 2.54 1.63 1.59 3.36 
29-Dec 4.60 3.03 4.31 3.44 1.97 2.51 1.66 1.98 2.98 
30-Dec 4.36 2.56 4.24 3.38 2.09 2.31 1.80 2.11 2.03 
31-Dec 4.43 2.65 3.77 3.45 2.45 2.43 1.92 2.45 1.95 

1-Jan 4.31 2.67 3.12 3.49 2.05 2.34 2.06 2.73 1.74 
2-Jan 4.50 1.95 2.62 3.51 1.99 2.03 2.12 2.86 2.24 
3-Jan 4.72 0.41 2.28 3.57 2.28 2.44 1.99 3.01 2.37 
4-Jan 4.74 0.02 1.73 3.49 2.33 2.58 2.01 2.91 2.77 
5-Jan 4.75 0.13 1.42 3.43 2.12 2.84 2.09 2.78 2.69 
6-Jan 4.57 0.24 2.01 3.59 2.12 2.55 1.99 2.56 2.79 
7-Jan 4.26 0.33 1.89 3.72 2.32 2.50 2.08 2.49 2.78 
8-Jan 3.98 0.65 1.53 3.68 2.32 2.34 2.12 2.47 2.71 
9-Jan 3.80 1.09 1.21 3.65 2.32 2.50 2.02 2.49 2.35 

10-Jan 3.54 1.33 1.41 3.92 1.97 2.32 2.08 2.65 2.16 
11-Jan 3.65 1.45 1.53 3.98 0.36 2.50 1.91 2.69 2.22 
12-Jan 3.77 1.70 1.71 3.72 0.11 2.51 1.77 2.75 2.04 
13-Jan 3.76 1.81 1.93 3.67 0.27 2.56 1.75 2.79 2.44 
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Sample 
Date 

2002 -
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 - 
2008 

2008 -
2009 

2009 - 
2010 

2010 - 
2011 

          
14-Jan 3.89 1.95 1.50 3.85 0.55 2.52 1.80 2.80 2.50 
15-Jan 3.75 1.96 1.09 3.62 0.70 1.92 1.82 2.81 2.60 
16-Jan 3.79 2.06 0.87 3.38 0.87 1.71 1.71 2.78 2.69 
17-Jan 3.75 2.15 0.95 3.24 0.98 2.09 1.65 2.85 2.77 
18-Jan 3.57 2.23 1.13 3.37 1.04 2.29 1.50 2.87 2.25 
19-Jan 3.39 2.32 1.35 3.22 1.08 2.29 1.43 2.83 2.02 
20-Jan 3.57 2.47 1.51 3.14 1.15 1.92 1.32 2.83 2.22 
21-Jan 3.57 2.52 1.77 3.23 0.92 1.26 1.23 2.85 2.35 
22-Jan 3.33 2.55 1.89 2.90 0.83 0.94 1.27 2.65 2.34 
23-Jan 3.44 2.65 2.02 3.07 0.75 1.04 1.29 2.55 2.40 
24-Jan 3.74 2.65 2.04 3.14 0.89 1.13 1.10 2.23 2.46 
25-Jan 3.86 2.30 2.10 3.25 1.03 1.22 0.58 2.62 2.46 
26-Jan 3.96 2.18 2.22 3.19 1.19 1.36 0.66 2.63 2.49 
27-Jan 3.82 1.76 2.29 3.19 1.25 1.45 0.58 2.47 2.57 
28-Jan 3.75 1.54 2.34 3.34 0.94 1.39 0.59 2.57 2.63 
29-Jan 3.65 1.62 2.41 3.23 0.79 1.13 0.62 2.73 2.15 
30-Jan 3.69 1.64 2.46 3.21 0.62 0.61 0.65 2.80 1.33 
31-Jan 3.69 1.69 2.53 3.14 0.62 0.60 0.76 3.00 1.25 
1-Feb 3.78 1.52 2.50 3.19 0.70 0.54 0.77 3.03 1.38 
2-Feb 3.75 1.35 2.51 3.39 0.72 0.61 0.85 3.14 1.66 
3-Feb 3.69 1.18 2.54 3.37 0.60 0.66 0.72 3.12 1.81 
4-Feb 3.57 1.27 2.56 3.41 0.65 0.67 0.72 3.19 1.96 
5-Feb 3.61 1.15 2.62 3.39 0.70 0.69 0.86 3.22 2.19 
6-Feb 3.55 1.29 2.30 3.43 0.76 0.77 0.98 3.35 2.06 
7-Feb 3.55 1.65 2.23 3.28 0.83 0.87 0.98 3.42 2.13 
8-Feb 3.45 1.69 2.11 3.30 0.91 1.01 1.05 3.35 2.01 
9-Feb 3.48 1.69 2.15 3.23 1.00 1.12 1.01 3.42 1.90 

10-Feb 3.43 1.65 2.21 3.03 1.08 1.29 0.90 3.39 1.88 
11-Feb 3.29 1.71 2.31 2.97 1.09 1.31 0.98 3.39 1.73 
12-Feb 3.09 1.68 2.40 3.16 1.15 1.43 0.92 3.46 1.98 
13-Feb 3.18 1.78 2.40 3.09 1.20 1.49 1.00 3.62 2.17 
14-Feb 3.65 1.80 2.31 2.94 1.16 1.57 0.99 3.75 2.33 
15-Feb 3.87 1.80 2.12 2.83 1.16 1.62 1.04 3.61 2.34 
16-Feb 3.94 1.88 2.04 2.60 1.32 1.71 1.01 3.73 2.50 
17-Feb 4.00 1.97 1.88 2.12 1.49 1.80 0.86 3.63 2.51 
18-Feb 3.99 2.10 2.06 1.81 1.62 1.92 0.97 3.60 2.54 
19-Feb 4.14 2.16 1.82 1.65 1.58 2.01 0.84 3.51 2.05 
20-Feb 4.17 2.27 1.92 1.79 1.68 2.10 0.90 3.30 1.94 
21-Feb 4.22 2.12 1.93 2.02 1.83 2.02 0.99 3.16 1.93 
22-Feb 3.98 2.04 2.00 2.16 1.84 2.06 1.05 3.21 1.79 
23-Feb 3.35 1.93 2.22 2.38 1.75 2.15 1.15 3.29 1.56 
24-Feb 3.12 1.99 2.38 2.40 1.67 2.12 1.28 3.30 1.24 
25-Feb 3.02 2.16 2.53 2.11 1.79 2.25 1.28 3.59 0.92 
26-Feb 3.37 2.26 2.57 2.04 1.91 2.25 1.10 3.66 0.85 
27-Feb 3.58 2.53 2.65 2.54 1.94 2.26 1.26 3.90 0.92 
28-Feb 3.62 2.60 2.68 2.70 1.85 2.41 1.19 4.19 1.15 
29-Feb  2.71    2.49    
1-Mar 3.75 2.75 2.75 2.73 1.77 2.53 1.19 4.42 1.13 
2-Mar 3.86 2.82 2.80 2.57 1.74 2.63 1.33 4.40 1.15 
3-Mar 4.00 2.71 3.02 2.70 1.80 2.57 1.26 4.44 1.31 
4-Mar 4.19 2.87 3.12 2.80 1.87 2.59 1.45 4.62 1.51 
5-Mar 4.28 2.90 3.29 2.85 1.87 2.65 1.51 5.01 1.66 
6-Mar 3.90 2.93 3.18 3.03 2.01 2.91 1.62 5.10 1.85 
7-Mar 2.70 3.19 3.38 3.06 2.17 3.22 1.70 5.00 2.04 
8-Mar 2.38 3.72 3.44 2.94 2.26 3.41 1.52 4.87 1.85 
9-Mar 2.52 3.98 3.55 2.92 2.50 3.37 1.40 4.38 1.86 

10-Mar 3.17 3.95 3.65 2.96 2.60 3.41 1.37 4.33 2.16 
11-Mar 3.49 3.79 3.91 3.00 2.77 3.78 1.58 4.17 2.09 
12-Mar 3.81 4.28 4.04 3.07 3.10 3.63 1.65 4.39 2.12 
13-Mar 4.65 4.32 4.05 3.24 2.89 3.80 1.51 4.47 2.39 
14-Mar 4.89 4.72 4.14 3.23 2.86 4.01 1.50 4.57 2.59 
15-Mar 4.62 4.47 4.25 3.30 2.89 4.29 1.43 5.18 2.81 
16-Mar 4.76 4.34 4.10 3.27 3.19 4.35 1.55 5.32 2.83 
17-Mar 5.08 4.79 4.21 3.47 3.22 4.48 1.71 5.34 3.01 
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Sample 
Date 

2002 -
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 - 
2008 

2008 -
2009 

2009 - 
2010 

2010 - 
2011 

          
18-Mar 5.13 4.75 4.49 3.54 3.40 4.42 1.94 5.20 3.22 
19-Mar 4.95 4.31 4.32 3.69 3.61 4.49 2.08 5.58 3.03 
20-Mar 5.03 4.63 4.31 3.89 3.63 4.33 2.25 5.57 3.12 
21-Mar 5.13 5.02 4.40 3.88 3.80 4.44 2.31 5.45 3.37 
22-Mar 5.39 5.47 4.41 3.92 3.63 4.38 2.27 5.64 3.60 
23-Mar 5.28 5.78 4.51 4.16 3.79 4.54 2.38 6.06 4.06 
24-Mar 5.44 5.80 4.58 4.37 3.98 4.25 2.53 6.06 3.53 
25-Mar 5.60 5.46 4.84 4.37 4.21 4.31 2.70 6.00 3.41 
26-Mar 5.49 5.55 4.56 4.49 4.47 4.22 2.88 6.00 3.87 
27-Mar 5.92 5.27 4.47 4.39 4.61 4.36 3.24 6.11 3.81 
28-Mar 6.28 5.40 4.74 4.54 4.55 4.06 2.95 5.98 4.32 
29-Mar 6.25 5.92 4.75 5.23 4.69 4.29 3.07 6.02 4.65 
30-Mar 6.14 5.97 4.93 5.52 4.84 4.63 3.07 5.51 4.56 
31-Mar 6.48 6.15 5.07 5.61 5.18 4.67 3.31 5.66 4.60 

1-Apr 6.48 6.48 4.99 6.24 5.13 4.73 3.28 5.76 4.89 
2-Apr 6.14 6.89 4.97 6.24 4.98 5.09 3.56 5.47 5.08 
3-Apr 5.91 6.86 5.18 5.74 4.90 5.17 3.80 5.25 5.07 
4-Apr 6.18 7.14 5.53 5.96 4.89 5.10 3.77 5.59 4.78 
5-Apr 6.35 7.81 5.46 5.92 5.17 5.11 4.31 5.72 5.00 
6-Apr 6.31 7.96 5.35 6.23 5.56 5.17 4.72 6.15 5.02 
7-Apr 6.25 8.49 5.66 6.35 6.19 5.25 5.47 5.78 5.02 
8-Apr 6.53 8.51 5.79 6.63 6.55 5.34 5.27 6.01 5.41 
9-Apr 6.89 8.65 6.24 6.46 5.73 5.28 5.83 5.86 5.73 

10-Apr 6.48 9.08 6.39 5.84 5.77 5.75 5.68 5.99 5.98 
11-Apr 6.86 9.28 5.72 6.20 6.10 5.81 5.76 6.15 5.66 
12-Apr 7.06 7.73 5.74 5.74 6.54 6.10 5.79 6.46 5.41 
13-Apr 7.28 7.50 5.83 5.83 6.48 5.97 5.45 6.75 5.48 
14-Apr 7.18 8.36 6.07 5.69 5.71 5.96 5.50 7.04 5.19 
15-Apr 7.05 8.37 6.10 5.65 6.56 5.73 6.11 7.56 5.27 
16-Apr 6.96 8.63 5.70 5.90 6.52 6.05 6.55 8.43 5.42 
17-Apr 6.79 8.87 5.92 6.20 5.71 6.63 6.13 8.67 5.49 
18-Apr 6.90 9.51 6.52 6.44 6.38 6.42 5.92 9.03 5.64 
19-Apr 6.97 8.62 7.11 6.29 6.83 5.84 6.70 9.16 5.78 
20-Apr 7.58 6.73 7.41 6.51 7.05 5.85 6.61 10.50 5.87 
21-Apr 8.24 7.79 8.12 6.34 6.94 6.11 7.12 11.20 5.88 
22-Apr 9.02 8.73 8.54 6.62 7.21 6.43 7.71 11.60 6.36 
23-Apr 9.27 8.26 8.03 7.17 7.92 6.35 7.11 11.30 6.65 
24-Apr 8.34 7.57 8.60 7.74 8.19 6.23 6.73 10.20 6.45 
25-Apr 7.79 9.39 9.81 8.05 8.58 6.72 6.85 10.60 6.13 
26-Apr 8.19 9.63 11.47 7.54 8.22 7.31 7.49 8.92 6.17 
27-Apr 8.61 8.55 11.85 8.38 7.64 6.79 8.05 6.91 6.42 
28-Apr 9.49 9.03 11.68 9.24 7.52 6.82 8.03 7.77 5.80 
29-Apr 10.52 10.12 11.65 9.09 7.91 7.20 7.65 8.91 6.18 
30-Apr 11.63 11.47 11.61 8.71 8.43 7.35 8.30 9.58 6.83 
1-May 11.91 11.99 12.05 9.11 8.39 7.51 9.04 10.10 7.50 
2-May 10.29 10.93 12.50 9.49 8.47 7.46 9.68 10.30 6.91 
3-May 9.17 11.74 12.12 10.07 8.77 7.79 8.51 9.55 6.67 
4-May 10.27 11.78 12.64 10.62 9.27 8.64 6.96 9.15 7.11 
5-May 10.58 12.34 12.79 9.94 9.69 10.03 6.79 9.54 6.94 
6-May 11.12 12.06 14.09 9.36 9.63 10.78 6.51 10.40 7.78 
7-May 10.87 12.60 14.65 9.67 9.60 10.95 6.54 10.50 8.10 
8-May 11.00 13.06 14.94 9.57 9.81 11.10 7.58 10.60 8.50 
9-May 11.61 11.33 14.67 9.96 9.22 11.29 8.86 11.30 8.96 

10-May 12.14 12.22 14.58 10.31 11.13 8.83 9.45 11.80 9.55 
11-May 12.69 12.26 15.21 10.13 11.61 7.94 8.55 12.30 7.95 
12-May 13.19 12.65 16.49 10.28 12.05 9.88 8.88 13.00 7.37 
13-May 13.07 13.80 14.66 10.42 12.56 10.43 9.12 13.40 9.02 
14-May 9.73 13.78 13.40 10.99 12.76 10.71 7.39 12.30 9.44 
15-May 10.22 12.57 13.63 12.62 12.30 11.92 9.02 12.10 9.50 
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Table 12. Daily mean water temperatures during Okanagan Sockeye spawning and incubation September 
2010 to May 2019 from the Water Survey of Canada gauge Okanagan River near Oliver (Station 
08NM085; Figure 1).  
 

Sample 
Date 

2010-
2011 

2011 -
2012 

2012 - 
2013 

2013 - 
2014 

2014 - 
2015 

2015 - 
2016 

2016 - 
2017 

2017 -
2018 

2018 - 
2019 

          
15-Sep 17.50 19.40 18.30 21.60 17.30 16.90 18.18 18.02 16.71 
16-Sep 18.10 18.70 18.20 21.40 17.60 16.95 18.40 17.41 16.43 
17-Sep 18.20 18.20 18.10 20.80 17.60 16.25 18.26 16.74 16.22 
18-Sep 17.40 18.50 18.00 20.60 17.50 16.77 17.98 16.65 16.40 
19-Sep 17.10 18.40 18.10 19.80 17.80 16.35 16.90 15.93 16.06 
20-Sep 16.50 17.70 18.10 19.40 17.70 17.15 16.51 15.31 16.08 
21-Sep 16.20 17.40 18.10 19.30 17.80 16.45 16.60 15.68 16.29 
22-Sep 15.70 17.30 18.00 18.40 17.80 15.86 16.62 15.56 16.49 
23-Sep 15.40 18.30 18.10 17.70 17.80 15.77 15.97 15.65 16.03 
24-Sep 15.40 18.30 17.80 17.20 17.60 15.81 16.25 15.22 15.75 
25-Sep 15.70 17.70 18.10 16.20 17.30 15.79 16.99 15.42 15.74 
26-Sep 16.10 15.70 17.50 16.40 17.00 15.68 16.88 15.90 15.90 
27-Sep 16.50 16.30 17.30 15.30 17.20 14.97 17.08 16.08 16.35 
28-Sep 16.60 15.80 17.20 15.30 17.10 15.04 16.22 16.05 16.19 
29-Sep 16.10 15.40 17.40 14.70 16.80 14.89 16.05 15.87 15.27 
30-Sep 16.20 15.60 17.00 14.20 16.50 14.99 16.20 15.73 14.81 

1-Oct 16.30 15.40 16.40 13.70 15.90 14.99 15.94 15.09 14.79 
2-Oct 16.50 15.50 15.40 13.20 15.70 14.66 15.23 14.52 14.22 
3-Oct 16.30 15.20 14.30 13.20 14.90 14.34 15.10 14.18 13.04 
4-Oct 16.30 15.30 14.00 12.80 15.40 13.98 14.87 13.75 13.35 
5-Oct 15.80 14.50 13.90 12.70 15.40 13.91 15.16 13.66 12.79 
6-Oct 15.30 14.60 13.70 12.80 15.70 13.61 14.77 13.01 13.34 
7-Oct 15.20 14.20 13.80 12.90 15.90 13.81 14.69 13.16 12.71 
8-Oct 15.60 13.60 14.10 12.70 16.00 14.33 13.98 12.96 12.78 
9-Oct 15.10 13.90 14.10 12.40 15.50 14.85 14.16 12.20 12.89 

10-Oct 15.10 13.80 13.20 12.70 15.30 14.58 12.79 12.36 12.61 
11-Oct 14.30 13.90 13.90 11.80 15.20 14.18 12.31 11.59 13.15 
12-Oct 14.10 13.40 13.90 12.40 14.80 14.09 11.95 11.36 12.51 
13-Oct 14.00 12.80 13.80 12.10 14.60 13.91 11.88 11.59 12.12 
14-Oct 13.60 12.60 14.00 11.60 14.80 13.34 12.03 10.62 11.72 
15-Oct 13.40 12.20 14.10 11.40 14.40 13.08 11.57 10.88 11.71 
16-Oct 12.50 12.00 13.70 12.20 13.70 12.89 11.62 10.88 11.64 
17-Oct 12.00 12.10 12.70 11.50 13.60 12.99 11.74 11.32 11.48 
18-Oct 11.90 11.90 12.60 11.30 13.40 13.33 11.50 10.44 11.30 
19-Oct 11.80 12.00 12.40 11.20 14.10 13.96 11.26 10.95 11.35 
20-Oct 11.70 12.20 11.80 11.30 13.50 13.61 11.26 11.21 11.30 
21-Oct 11.60 11.70 10.90 11.50 13.60 12.57 10.92 9.89 11.34 
22-Oct 11.80 11.70 10.50 11.40 12.70 12.56 11.23 10.13 11.12 
23-Oct 11.60 11.20 10.70 11.60 12.80 11.92 11.24 9.76 11.04 
24-Oct 11.70 10.80 10.40 11.30 12.10 11.34 11.47 9.74 11.41 
25-Oct 11.10 10.40 10.40 11.10 12.40 11.56 11.55 9.72 11.24 
26-Oct 10.90 9.55 10.10 10.90 12.20 11.96 11.03 9.53 11.31 
27-Oct 11.00 9.45 9.68 10.60 11.60 11.57 11.34 9.46 10.64 
28-Oct 10.80 9.29 10.10 10.00 11.00 11.24 11.27 9.27 10.89 
29-Oct 10.80 9.10 10.30 9.35 11.20 11.45 10.65 9.29 10.81 
30-Oct 10.80 9.31 10.20 8.94 11.30 11.29 10.92 8.68 10.39 
31-Oct 10.60 9.25 10.40 9.36 11.40 11.20 10.95 8.35 10.51 
1-Nov 10.50 8.65 10.50 8.74 10.90 10.97 10.94 8.90 10.36 
2-Nov 10.40 8.16 10.20 9.19 10.10 10.82 10.74 8.35 10.77 
3-Nov 9.52 8.33 10.50 8.83 10.20 10.11 10.71 6.69 10.44 
4-Nov 9.05 7.85 10.70 8.31 10.90 9.38 10.42 6.16 10.46 
5-Nov 9.77 6.83 11.00 7.66 10.40 9.65 10.59 5.60 9.93 
6-Nov 10.10 6.44 10.10 7.82 10.80 9.16 10.78 5.18 9.61 
7-Nov 10.40 5.91 10.10 7.71 10.50 9.43 10.60 5.26 9.18 
8-Nov 8.80 6.36 8.66 8.02 9.65 9.87 10.60 5.61 7.99 
9-Nov 8.29 6.89 8.08 7.26 9.72 9.21 10.43 5.53 7.67 

10-Nov 8.53 6.69 6.98 7.76 8.82 8.10 10.28 5.74 7.95 
11-Nov 8.03 6.45 5.88 7.92 7.70 8.30 10.27 5.97 7.50 
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Sample 
Date  

2010-
2011 

2011 -
2012 

2012 - 
2013 

2013 - 
2014 

2014 - 
2015 

2015 - 
2016 

2016 - 
2017 

2017 -
2018 

2018-
2019 

          
12-Nov 7.86 6.49 6.41 7.74 6.30 7.36 10.56 6.17 7.24 
13-Nov 7.82 6.15 7.06 8.29 5.75 8.31 9.90 6.60 7.11 
14-Nov 8.12 5.67 7.44 7.81 5.11 8.58 9.86 6.37 6.78 
15-Nov 7.97 5.14 7.24 7.13 4.62 8.18 9.45 6.26 6.59 
16-Nov 7.95 3.95 7.22 7.03 4.45 7.23 9.24 6.17 6.86 
17-Nov 7.80 4.49 7.20 6.51 4.06 6.98 8.69 5.93 6.30 
18-Nov 7.24 4.79 7.16 6.72 4.13 7.05 8.85 5.77 5.80 
19-Nov 5.65 4.54 7.21 7.26 4.85 6.73 8.63 5.76 5.52 
20-Nov 4.21 4.12 7.57 4.79 5.24 5.68 8.65 5.75 5.19 
21-Nov 3.22 3.98 7.27 4.09 5.05 5.41 8.73 5.81 5.36 
22-Nov 2.00 4.78 6.27 4.00 5.01 5.40 8.49 6.35 5.95 
23-Nov 0.42 6.21 6.41 3.83 4.81 5.65 8.43 6.93 5.93 
24-Nov 0.26 4.80 6.56 4.17 4.35 5.01 8.03 6.06 5.67 
25-Nov 0.68 4.64 5.68 4.19 4.59 3.42 8.01 6.19 5.54 
26-Nov 1.34 4.57 4.91 3.97 3.63 2.99 8.13 6.20 5.68 
27-Nov 2.70 4.68 5.04 3.80 5.11 2.99 7.93 5.71 5.79 
28-Nov 2.79 4.10 5.49 4.16 4.76 2.99 7.80 5.48 6.07 
29-Nov 2.11 4.25 5.68 3.74 0.97 2.91 7.36 5.40 6.11 
30-Nov 2.28 4.45 6.07 4.08 0.36 2.42 7.25 5.41 6.22 
1-Dec 2.96 3.32 6.72 4.30 0.60 2.29 7.17 5.38 6.03 
2-Dec 2.92 3.12 6.47 3.80 0.69 2.56 6.71 5.16 5.77 
3-Dec 2.62 3.70 6.01 1.73 1.42 3.22 6.70 4.97 5.14 
4-Dec 2.54 3.46 6.40 1.32 2.18 3.87 6.35 4.13 4.06 
5-Dec 1.59 2.98 5.87 0.58 2.49 3.97 5.57 4.03 3.68 
6-Dec 2.17 2.79 5.60 0.75 2.88 4.12 5.18 3.99 2.99 
7-Dec 2.29 2.59 4.83 0.21 3.22 4.73 3.99 4.35 3.04 
8-Dec 2.92 2.28 4.60 0.34 3.21 4.84 3.57 4.12 3.67 
9-Dec 3.13 2.06 3.96 0.63 3.85 5.15 3.45 3.78 3.76 

10-Dec 3.26 1.81 4.36 0.65 4.19 4.23 3.43 3.72 3.92 
11-Dec 2.99 2.38 4.31 0.76 3.81 4.25 3.43 3.78 3.66 
12-Dec 2.83 1.99 4.30 1.63 3.33 4.24 2.54 3.54 3.52 
13-Dec 3.51 1.41 4.01 1.84 2.84 4.14 1.43 3.68 4.01 
14-Dec 3.59 2.01 3.62 1.77 3.17 4.19 1.06 3.81 4.15 
15-Dec 2.66 2.08 3.57 2.43 3.26 3.16 0.63 3.71 3.89 
16-Dec 2.63 2.22 3.32 2.45 3.14 3.11 0.20 3.34 4.01 
17-Dec 2.87 2.51 3.34 2.31 3.46 2.25 0.20 3.21 4.48 
18-Dec 2.01 2.92 2.54 2.39 3.82 2.95 0.22 3.51 4.92 
19-Dec 2.35 1.82 2.40 1.26 4.01 3.27 0.60 3.15 4.21 
20-Dec 2.18 2.10 3.07 1.19 4.12 2.99 1.28 2.77 4.55 
21-Dec 2.31 1.87 2.98 1.37 4.22 2.91 1.45 1.74 4.17 
22-Dec 2.30 0.91 2.88 1.77 3.63 3.08 1.60 1.92 3.35 
23-Dec 2.57 1.62 3.23 2.25 3.81 2.80 1.43 1.18 3.70 
24-Dec 2.88 1.97 3.67 2.06 3.93 2.93 1.91 0.54 3.93 
25-Dec 2.98 2.28 3.28 1.62 3.45 2.68 1.50 0.82 3.83 
26-Dec 2.90 1.80 3.35 1.94 3.35 1.83 1.13 0.51 3.23 
27-Dec 2.48 2.55 3.59 1.63 3.12 1.68 1.64 0.89 3.39 
28-Dec 2.98 3.26 3.42 1.81 3.38 2.03 1.45 1.29 2.79 
29-Dec 2.52 3.30 2.96 1.92 2.76 2.11 1.82 1.35 2.55 
30-Dec 1.03 3.24 2.96 1.93 0.84 1.82 1.66 0.99 3.11 
31-Dec 0.41 2.19 2.55 2.35 0.90 1.00 1.09 0.88 2.62 

1-Jan 1.85 2.13 1.99 1.98 1.06 0.52 1.52 1.10 2.53 
2-Jan 2.33 1.96 1.83 2.32 0.79 0.92 1.06 1.01 2.67 
3-Jan 2.19 2.46 1.85 2.51 0.96 1.38 0.31 0.95 2.69 
4-Jan 1.04 3.31 1.72 1.79 1.17 1.49 0.21 1.45 3.44 
5-Jan 1.07 2.90 1.72 1.05 0.84 2.11 0.43 1.54 3.17 
6-Jan 1.18 2.37 2.04 1.25 2.01 2.76 0.31 2.32 3.47 
7-Jan 1.08 1.73 1.92 1.75 2.49 3.21 0.25 2.26 2.75 
8-Jan 1.77 2.48 1.94 2.06 2.62 3.12 0.45 2.43 2.26 
9-Jan 2.55 2.98 2.00 2.36 2.35 3.03 0.81 2.53 2.37 

10-Jan 2.61 2.51 1.35 2.64 2.20 2.93 0.29 2.47 3.15 
11-Jan 3.39 0.89 0.79 3.27 2.17 2.86 0.26 1.81 3.39 
12-Jan 3.09 0.54 0.35 2.82 2.45 2.72 0.28 1.82 2.93 
13-Jan 2.50 1.13 0.81 3.11 2.06 3.05 0.30 2.58 3.05 
14-Jan 2.55 1.34 1.07 3.01 2.20 3.16 0.25 2.99 2.91 
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Sample 
Date  

2010-
2011 

2011 -
2012 

2012 - 
2013 

2013 - 
2014 

2014 - 
2015 

2015 - 
2016 

2016 - 
2017 

2017 -
2018 

2018-
2019 

          
15-Jan 2.61 0.59 0.68 2.91 2.13 2.68 0.22 3.03 2.71 
16-Jan 3.39 0.64 1.25 2.64 2.44 2.59 0.30  2.75 
17-Jan 3.09 0.63 1.28 2.92 2.33 3.23 0.34  2.57 
18-Jan 2.49 0.19 1.47 2.95 2.61 3.42 0.43  2.87 
19-Jan 1.71 0.20 1.57 3.05 2.41 3.39 1.12  3.22 
20-Jan 2.13 0.20 1.57 3.12 1.98 3.65 1.62  2.94 
21-Jan 2.15 0.21 1.56 2.90 2.19 3.92 1.71  2.41 
22-Jan 2.12 0.23 1.27 2.99 2.45 4.28 1.98  2.29 
23-Jan 2.63 0.29 1.43 2.95 2.77 3.46 2.23  2.25 
24-Jan 2.67 0.50 1.76 3.24 2.97 3.53 2.34  2.33 
25-Jan 3.05 1.39 1.80 3.14 3.22 3.71 2.45  2.42 
26-Jan 3.18 1.53 2.08 2.95 3.17 3.52 2.47  2.50 
27-Jan 3.24 0.85 2.05 3.13 3.17 3.89 2.26  2.66 
28-Jan 3.22 0.99 1.98 3.21 3.16 4.30 2.37  2.38 
29-Jan 3.19 2.00 2.17 2.86 3.18 3.53 2.22  1.85 
30-Jan 1.51 2.17 2.34 2.88 3.28 3.36 2.28  1.85 
31-Jan 0.99 2.18 2.16 2.14 3.18 3.56 1.90  2.05 
1-Feb 1.05 2.83 2.06 1.30 3.08 3.46 1.36  2.41 
2-Feb 2.16 2.29 1.88 1.80 3.24 3.34 1.27  2.68 
3-Feb 2.16 1.76 2.09 1.13 3.28 2.30 1.45  1.57 
4-Feb 2.23  2.42 0.84 3.35 3.21 1.79  0.08 
5-Feb 3.00 2.22 2.47 0.70 3.62 3.51 1.61  0.10 
6-Feb 2.74 2.37 2.43 0.24 4.42 3.56 1.13  0.11 
7-Feb 2.92 2.27 2.60 0.51 4.54 3.07 0.66  0.20 
8-Feb 2.38 2.51 2.50 0.50 4.65 3.15 0.31  0.35 
9-Feb 1.83 3.14 2.82 0.87 4.80 3.03 0.81  0.24 

10-Feb 2.38 3.38 2.80 1.53 4.98 3.50 1.82  0.13 
11-Feb 2.67 3.77 2.58 1.53 5.08 4.08 1.55  0.19 
12-Feb 3.34 3.89 2.78 2.63 5.11 4.32 1.03  0.35 
13-Feb 3.53 3.83 2.87 2.86 5.08 4.49 1.15  0.48 
14-Feb 3.92 2.68 3.02 2.85 5.14 4.48 1.04  0.26 
15-Feb 3.94 2.57 3.09 2.48 5.01 4.79 2.02  0.68 
16-Feb 4.11 2.74 3.17 3.12 4.70 4.98 2.64  1.10 
17-Feb 3.48 3.41 3.18 2.91 4.49 4.94 2.47  1.09 
18-Feb 3.93 3.77 3.04 2.44 4.23 4.53 2.21  0.31 
19-Feb 2.40 3.65 3.33 2.68 4.15 4.21 2.77 1.23 0.50 
20-Feb 2.06 3.76 3.01 2.80 4.46 4.47 2.92 0.73 0.76 
21-Feb 2.66 3.86 3.06 2.72 4.54 4.05 3.06 0.83 0.97 
22-Feb 3.68 3.73 3.22 2.49 3.97 4.20 2.91 1.49 0.53 
23-Feb 2.55 4.24 3.51 2.38 3.88 4.10 2.85 1.04 1.02 
24-Feb 1.71 3.98 3.17 2.04 4.25 4.33 3.16 2.22 1.14 
25-Feb 0.64 4.37 3.33 1.91 4.21 4.29 3.06 2.36 0.91 
26-Feb 1.07 3.84 3.34 1.70 4.62 4.30 3.37 2.47 0.55 
27-Feb 1.38 2.29 3.66 2.02 4.43 5.24 2.70 2.52 0.50 
28-Feb 2.55 2.85 3.64 2.18 4.21 4.93 2.92 2.32 1.17 
29-Feb  3.44    5.26    
1-Mar 2.58 3.79 4.15 1.73 4.15 4.83 3.13 2.41 1.44 
2-Mar 2.39 3.80 4.34 1.51 4.39 5.09 3.20 2.20 1.15 
3-Mar 2.81 4.53 4.02 1.61 3.96 5.52 3.43 2.19 1.12 
4-Mar 3.05 5.30 3.93 1.80 3.86 5.56 3.66 2.07 0.79 
5-Mar 3.79 5.53 3.93 1.93 4.05 6.44 2.83 2.19 0.82 
6-Mar 4.22 4.13 3.95 2.61 4.47 6.54 2.93 2.47 1.31 
7-Mar 4.49 4.23 4.09 2.95 4.81 6.01 2.52 2.48 1.56 
8-Mar 3.89 4.37 4.42 3.26 5.14 6.07 3.28 2.57 1.66 
9-Mar 4.25 4.90 4.55 3.89 5.30 5.61 2.84 2.93 1.45 

10-Mar 5.08 5.92 4.52 3.90 5.44 6.35 3.46 2.83 1.43 
11-Mar 4.75 6.01 4.68 3.93 6.50 6.27 3.41 3.10 1.26 
12-Mar 4.67 4.09 5.35 4.17 7.02 6.49 3.65 3.33 1.47 
13-Mar 5.11 4.99 5.85 4.27 6.61 5.92 3.91 3.54 1.51 
14-Mar 5.31 4.29 6.01 4.74 7.48 6.12 4.42 3.67 1.76 
15-Mar 5.33 5.22 5.96 4.77 6.39 6.18 4.62 4.00 2.26 
16-Mar 5.31 5.91 5.95 5.13 6.73 6.15 4.94 4.16 2.19 
17-Mar 5.36 4.94 5.89 5.00 7.13 6.35 4.11 4.37 2.62 
18-Mar 5.83 4.73 5.57 5.01 7.60 6.28 4.87 4.70 2.89 
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Sample 
Date  

2010-
2011 

2011 -
2012 

2012 - 
2013 

2013 - 
2014 

2014 - 
2015 

2015 - 
2016 

2016 - 
2017 

2017 -
2018 

2018-
2019 

          
19-Mar 5.52 5.26 5.36 5.07 7.59 6.38 4.20 4.65 3.17 
20-Mar 5.44 5.36 5.53 5.06 7.56 6.49 4.31 4.94 3.48 
21-Mar 6.53 5.34 5.37 5.02 7.36 6.96 4.71 5.20 3.73 
22-Mar 7.04 6.53 5.24 4.71 6.85 7.03 5.02 5.08 4.12 
23-Mar 6.61 6.29 5.38 5.23 7.26 6.99 5.24 4.74 4.63 
24-Mar 6.13 5.74 5.56 5.26 7.58 7.09 4.89 4.69 4.18 
25-Mar 6.10 5.44 5.52 5.23 7.45 7.43 5.38 4.84 4.79 
26-Mar 7.00 5.69 5.77 5.68 7.88 7.50 4.73 4.59 4.83 
27-Mar 7.11 6.59 6.32 6.08 8.09 7.31 5.39 4.93 4.86 
28-Mar 7.31 7.43 7.02 5.66 8.25 7.28 5.43 5.04 5.21 
29-Mar 7.96 7.02 7.16 5.92 8.00 7.60 5.91 5.10 5.43 
30-Mar 8.61 7.90 8.03 5.99 8.79 8.16 5.92 5.52 5.95 
31-Mar 8.98 7.12 8.36 6.24 8.41 8.63 6.27 5.55 6.52 

1-Apr 8.53 7.46 8.75 6.69 7.92 9.01 6.77 5.50 6.62 
2-Apr 7.88 7.30 9.09 6.98 8.14 9.20 6.81 5.58 7.04 
3-Apr 8.34 8.09 9.40 7.05 8.34 9.83 6.94 5.31 7.24 
4-Apr 8.23 7.67 9.16 7.12 8.32 9.42 6.79 5.19 7.49 
5-Apr 8.01 7.73 8.99 6.97 8.38 8.89 6.63 5.12 7.43 
6-Apr 7.52 7.96 8.53 7.47 8.80 9.53 6.50 5.37 7.07 
7-Apr 7.45 8.47 7.60 7.77 8.93 10.12 6.39 5.30 7.63 
8-Apr 8.28 8.47 8.31 8.30 9.08 10.64 6.38 5.56 7.20 
9-Apr 8.89 9.54 8.50 8.66 9.43 10.37 6.65 5.75 7.91 

10-Apr 8.66 9.64 8.42 8.99 8.97 10.22 6.33 5.92 7.75 
11-Apr 9.29 9.77 8.02 9.10 9.11 10.41 7.07 6.23 7.86 
12-Apr 8.25 9.97 7.52 9.62 8.52 10.37 6.95 6.25 8.46 
13-Apr  10.10 7.75 9.67 8.79 10.44 7.42 6.34 8.23 
14-Apr  9.53 7.77 9.59 8.74 9.92 7.60 6.33 8.31 
15-Apr 8.47 10.60 7.90 9.65 8.98 10.09 7.81 6.63 8.55 
16-Apr 8.51 9.68 8.26 9.62 9.51 10.66 7.69 6.91 8.48 
17-Apr 8.29 9.93 8.21 9.79 9.85 10.87 8.27 6.86 9.63 
18-Apr 8.40 10.40 8.55 9.70 10.23 11.16 8.60 7.01 10.01 
19-Apr 8.58 9.77 9.00 9.23 10.84 11.18 8.30 7.27 9.95 
20-Apr 8.60 10.70 9.32 9.87 11.34 11.69 8.52 7.92 10.13 
21-Apr 8.38 10.60 8.63 9.76 11.85 11.75 7.88 8.13 10.09 
22-Apr 8.96 11.60 8.82 9.63 11.46 11.77 9.33 8.42 9.96 
23-Apr 9.38 12.40 9.00 9.42 10.89 12.11 9.11 8.52 10.63 
24-Apr 9.35 12.20 9.43 9.59 10.54 11.85 9.40 8.77 10.51 
25-Apr 9.59 11.30 9.87 9.85 10.22 12.16 9.32 9.26 10.33 
26-Apr 9.83 8.72 10.10 10.20 11.13 12.28 9.89 9.76 11.01 
27-Apr 9.97 7.92 10.10 9.61 11.14 13.01 9.62 10.05 10.39 
28-Apr 9.44 9.68 9.78 10.00 11.79 13.54 9.79 9.65 10.52 
29-Apr 9.35 10.70 9.28 10.50 11.89 13.81 9.45 9.73 10.71 
30-Apr 10.10 10.50 9.38 10.80 11.45 13.67 9.42 9.95 10.58 
1-May 10.60 10.50 9.67 11.40 12.02 13.84 9.32 10.25 10.81 
2-May 9.60 10.60 10.10 11.60 12.34 14.38 9.49 10.44 11.10 
3-May 9.88 9.92 10.60 11.20 12.20 14.49 9.64 10.94 12.12 
4-May 10.50 9.48 10.90 11.30 12.49 14.38 10.16 11.32 12.92 
5-May 10.40 9.50 11.20 11.00 11.56 13.94 9.69 11.49 13.63 
6-May 10.70 9.93 11.70 11.00 11.78 14.03 9.33 11.72 13.57 
7-May 10.40 9.99 12.20 11.60 12.35 14.81 9.70 11.69 13.92 
8-May 10.70 10.20 12.50 11.80 12.74 15.14 10.00 12.18 14.00 
9-May 11.00 10.30 12.90 11.00 13.03 14.44 10.51 11.86 14.39 

10-May 11.20 9.99 13.40 10.90 13.43 14.48 11.48 10.95 15.10 
11-May 10.70 9.96 13.80 11.20 13.64 14.61 11.52 11.74 15.90 
12-May 10.20 10.70 13.70 11.40 13.41 14.86 10.94 12.31 16.05 
13-May 10.40 11.30 13.40 12.00 13.21 15.14 10.86 13.00 16.28 
14-May 10.00 12.00 12.70 12.70 13.44 15.24 10.66 13.60 15.27 
15-May 9.41 12.40 13.40 13.40 14.01 15.69 10.15 13.82 14.87 

          
          
          
          

 



50 
 

Table 13A. Daily mean water temperatures during Okanagan Sockeye spawning and incubation September 2001 to 
May 2010. Water temperatures are from the HOBO Tidbit temperature sensors installed at Transect 2 in the 
Okanagan River. Blocks of missing data are due to instruments being washed out or inadvertently removed. 
 

Sample 
Date 

2001 -
2002 

2002 - 
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 -
2008 

2008 -
2009 

2009 -
2010 

          
15-Sep   17.72 17.97  19.09 18.82 18.27 19.60 
16-Sep   17.47 17.61  18.56 18.64 17.99 19.51 
17-Sep   17.27 17.15  18.11 18.56 18.08 19.83 
18-Sep   16.81 16.18  17.81 18.08 18.01 19.42 
19-Sep   16.90 15.16  17.92 17.63 18.02 19.13 
20-Sep   16.72 15.15 17.54 17.36 17.19 17.90 18.74 
21-Sep 23.15  16.57 15.50 17.10 16.96 16.89 17.69 18.39 
22-Sep 22.18  16.53 15.86 16.69 16.74 16.68 17.16 18.32 
23-Sep 22.42  16.69 15.89 16.12 16.93 16.27 16.55 18.36 
24-Sep 23.96  16.33 15.95 15.88 16.98 16.14 16.38 18.69 
25-Sep 18.55  16.57 16.25 15.84 16.99 16.13 16.22 18.58 
26-Sep 17.65  16.81 16.64 15.81 17.07 16.11 16.03 18.43 
27-Sep 17.03  16.66 16.67 15.65 17.29 15.75 15.88 17.78 
28-Sep 16.73  16.78 16.58 15.22 17.49 15.45 15.76 17.28 
29-Sep 16.48  16.77 16.48 15.60 17.50 14.83 15.72 16.90 
30-Sep 16.45  16.77 15.95 15.34 17.17 14.12 15.71 16.41 

1-Oct 16.34  16.67 15.54 14.96 16.95 14.22 15.94 15.89 
2-Oct 15.96  16.42 15.37 14.34 16.62 13.75 15.95 15.74 
3-Oct 15.54  16.36 15.31 14.21 16.17 13.64 15.73 15.10 
4-Oct 15.14  16.18 15.21 14.27 15.87 13.38 15.67 14.63 
5-Oct 14.82  16.05 14.95 13.96 15.95 13.19 15.27 14.39 
6-Oct 14.53  16.01 15.02 13.82 16.01 12.93 14.72 14.06 
7-Oct 14.05  15.93 14.70 13.72 15.28 12.81 14.69 13.84 
8-Oct 13.87  15.18 14.53 13.38 15.03 12.65 14.17 13.31 
9-Oct 13.69  14.77 14.30 13.34 14.61 12.70 13.62 12.46 

10-Oct 12.82  14.39 13.59 13.10 14.17 12.59 13.10 11.86 
11-Oct 12.75 12.97 13.74 13.66 13.12 14.12 12.44 12.62 11.45 
12-Oct 12.43 12.90 13.43 13.75 12.91 14.03 12.49 12.53 11.00 
13-Oct 12.28 12.82 13.53 14.01 12.88 14.03 12.32 12.33 10.86 
14-Oct 12.07 12.88 13.27 14.18 12.72 13.82 12.23 12.16 10.72 
15-Oct 11.72 12.67 12.62 14.01 12.59 13.91 12.23 11.74 10.85 
16-Oct 11.64 12.68 12.19 13.72 12.48 13.81 12.19 11.69 10.87 
17-Oct 11.32 12.56 12.65 12.88 12.59 13.38 11.77 11.74 11.06 
18-Oct 10.91 12.43 12.66 12.08 12.42 12.99 11.17 11.72 11.14 
19-Oct 10.88 12.20 12.68 11.95 12.20 12.88 11.25 11.35 11.47 
20-Oct 10.78 12.19 12.58 12.05 12.15 12.84 10.99 11.16 11.47 
21-Oct 10.67 12.09 12.87 11.48 11.89 12.40 10.57 11.04 11.45 
22-Oct 10.39 11.97 13.33 10.98 11.86 12.09 10.59 10.63 11.21 
23-Oct 10.05 11.69 12.59 10.41 11.92 12.01 10.77 10.53 11.10 
24-Oct 9.71 11.24 11.88 10.14 11.89 11.83 10.77 10.25 10.92 
25-Oct 9.78 10.83 11.92 9.76 11.82 11.69 10.44 10.15 10.26 
26-Oct 9.70 10.51 11.70 9.60 11.70 11.29 10.04 9.72 10.13 
27-Oct 9.63 10.18 11.89 9.28 11.07 11.06 9.75 9.35 9.87 
28-Oct 9.09 10.13 11.79 8.95 10.88 10.81 9.67 9.24 9.72 
29-Oct 8.97 9.74 11.02 8.89 10.67 10.14 9.46 8.93 9.24 
30-Oct 9.06 8.87 10.16 8.83 10.24 9.09 9.17 8.99 8.86 
31-Oct 9.20 8.40 9.08 8.61 10.10 8.45 8.69 9.09 9.26 
1-Nov 8.97 7.93 8.66 8.10 9.76 7.98 8.63 9.30 8.77 
2-Nov 8.98 7.60 8.79 7.86 9.57 7.75 8.16 9.45 8.47 
3-Nov 9.02 7.32 8.26 7.54 9.20 7.55 8.32 9.03 8.30 
4-Nov 9.03 7.05 7.58 7.22 8.83 7.70 8.35 8.94 8.04 
5-Nov 8.91 6.96 6.86 6.98 8.32 7.84 8.02 8.50 7.92 
6-Nov 8.39 7.01 6.45 7.21 8.22 8.25 7.96 8.11 8.15 
7-Nov 7.78 7.29 6.19 6.85 7.82 8.42 7.92 8.21 7.70 
8-Nov 7.74 7.39 6.17 6.42 7.53 8.02 7.89 8.28 7.39 
9-Nov 7.52 7.50 6.08 6.61 7.15 7.70 8.08 8.47 7.51 

10-Nov 7.21 7.49 6.16 6.99 6.98 7.28 8.12 8.51 7.35 
11-Nov 7.12 7.58 6.08 6.86 6.96 7.24 7.61 8.16 7.32 
12-Nov 7.18 7.57 5.69 6.39 6.55 6.89 7.14 8.49 6.63 
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Sample 
Date 

2001 -
2002 

2002 - 
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 -
2008 

2008 -
2009 

2009 -
2010 

          
13-Nov 7.45 7.66 5.56 6.23 6.58 6.77 6.98 7.99 6.30 
14-Nov 7.89 7.67 5.37 6.19 6.22 6.55 6.32 7.42 6.04 
15-Nov 8.18 7.24 5.59 6.46 5.80 6.24 6.28 7.22 5.54 
16-Nov 7.94 7.14 5.47 6.00 5.85 6.29 6.71 7.06 5.58 
17-Nov 7.57 6.92 5.54 5.67 5.53 5.96 6.65 6.88 6.01 
18-Nov 7.02 7.00 5.49 5.88 5.78 6.02 6.23 6.94 5.48 
19-Nov 7.12 7.29 5.29 5.89 5.67 5.98 5.55 6.52 5.42 
20-Nov 7.37 7.54 4.95 5.71 5.73 6.00 5.16 6.31 5.64 
21-Nov 7.40 7.43 3.85 5.36 5.66 5.93 4.72 6.12 5.43 
22-Nov 7.37 7.57 2.99 5.36 5.43 5.67 4.57 6.07 5.31 
23-Nov 7.33 7.23 2.96 5.38 5.26 5.61 4.16 5.68 5.24 
24-Nov 6.86 6.48 3.24 5.27 4.90 5.33 3.79 5.51 5.36 
25-Nov 6.71 6.04 3.05 5.47 4.68 5.04 3.69 5.44 5.41 
26-Nov 6.65 5.67 2.79 5.02 4.62 4.34 3.14 5.21 5.49 
27-Nov 6.27 5.60 2.64 4.85 4.18 2.64 3.21 4.91 5.17 
28-Nov 5.79 5.15 2.88 4.76 3.94 0.64 2.87 4.85 4.82 
29-Nov 5.64 5.90 3.01 4.21 3.79 0.37 2.79 4.96 4.89 
30-Nov 5.34 6.01 2.50 4.23 3.56 0.60 2.46 4.90 4.91 
1-Dec 5.37 6.04 2.18 4.22 3.30 0.77 1.98 5.03 4.29 
2-Dec 5.37 5.71 2.48 4.20 3.08 0.88 1.84 4.84 3.59 
3-Dec 5.23 5.69 2.64 4.10 2.80 1.05 2.98 4.10 3.14 
4-Dec 5.00 5.80 2.01 4.05 2.42 1.30 3.80 3.54 3.33 
5-Dec 4.90 5.86 2.40 4.08 2.15 1.16 3.31 3.69 2.85 
6-Dec 4.67 5.86 2.59 3.86 1.55 1.40 3.08 3.84 2.32 
7-Dec 4.39 5.84 2.30 3.81 1.13 1.46 2.50 3.84 1.30 
8-Dec 4.34 5.69 2.56 3.84 1.27 1.52 1.46 3.83 0.95 
9-Dec 4.13 5.61 2.58 3.76 1.52 1.50 1.21 3.70 1.23 

10-Dec 3.79 4.45 2.05 3.93 1.64 1.76 1.38 3.82 1.19 
11-Dec 3.87 4.29 1.77 3.99 1.50 1.92 1.11 3.43 1.32 
12-Dec 3.52 4.35 2.00 3.52 1.69 1.96 1.25 3.31 1.47 
13-Dec 3.49 4.75 1.93 3.36 1.96 2.05 1.29 2.74 1.84 
14-Dec 3.65 4.87 2.08 3.56 1.84 1.72 1.37 1.70 1.16 
15-Dec 3.04 5.40 1.60 3.74 1.87 2.00 1.46 0.40 1.25 
16-Dec 3.46 5.00 1.79 3.80 1.90 1.53 1.58 1.46 1.75 
17-Dec 3.52 4.73 1.62 3.80 1.71 1.61 1.58 0.10 2.00 
18-Dec 2.99 4.71 1.49 3.96 1.59 1.57 1.60 0.12 1.80 
19-Dec 2.89 4.57 1.44 3.93 1.52 1.74 1.80 0.11 1.77 
20-Dec 2.65 4.18 1.54 3.74 1.80 1.96 1.78 0.11 1.72 
21-Dec 2.40 4.13 1.75 3.60 2.03 1.98 1.32 0.16 1.99 
22-Dec 2.41 3.83 1.75 3.45 2.08 1.94 1.37 0.23 1.69 
23-Dec 2.39 3.82 1.67 3.41 1.89 1.98 1.33 0.18 1.14 
24-Dec 2.43 3.90 1.86 3.30 2.35 1.80 1.29 0.25 1.41 
25-Dec 2.43 3.62 1.98 3.30 2.23 2.04 0.84 0.30 1.61 
26-Dec 2.30 3.73 1.81 3.32 2.30 1.85 0.93 0.15 1.73 
27-Dec 2.21 3.42 1.41 3.31 2.42 1.76 0.62 0.28 1.86 
28-Dec 2.12 3.27 1.47 3.19 2.43 1.29 0.79 0.37 1.63 
29-Dec 2.23 3.10 1.17 3.09 2.59 1.16 0.72 0.29 1.57 
30-Dec 2.08 2.98 0.82 3.14 2.68 1.31 0.59 0.21 1.49 
31-Dec 2.12 3.15 1.08 2.78 2.79 1.44 0.34 0.34 1.38 

1-Jan 2.17 4.59 1.15 2.31 2.93 1.23 0.38 0.33 1.51 
2-Jan 2.35 4.84 0.97 1.63 3.00 1.42 0.61 0.30 1.70 
3-Jan 2.53 5.11 0.34 1.09 3.03 1.57 0.93 0.11 1.72 
4-Jan 2.54 5.16 0.26 0.57 3.10 1.53 1.14 0.16 1.45 
5-Jan 2.57 5.06 0.49 0.16 3.17 1.24 1.36 0.34 1.75 
6-Jan 2.72 4.95 0.48 0.38 3.26 1.64 0.87 0.35 1.41 
7-Jan 3.23 4.62 0.74 0.60 3.38 1.85 1.12 0.64 1.37 
8-Jan 3.33 4.58 1.04 0.62 3.33 1.73 1.11 0.84 1.76 
9-Jan 2.92 4.27 1.13 0.62 3.49 2.00 1.28 0.51 2.04 

10-Jan 2.99 3.92 1.31 0.56 3.71 1.62 1.23 0.63 2.17 
11-Jan 2.97 4.04 1.24 0.54 3.64 0.55 1.38 0.84 2.30 
12-Jan 3.13 4.25 1.21 0.58 3.28 0.63 1.32 0.94 2.10 
13-Jan 3.07 4.24 1.27 0.47 3.50 1.23 1.50 1.04 2.18 
14-Jan 2.78 3.20 1.29 0.44 3.67 1.23 1.49 1.09 2.33 
15-Jan 2.60 2.66 1.31 0.50 3.19 0.92 0.73 1.15 2.43 
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Sample 
Date 

2001 -
2002 

2002 - 
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 -
2008 

2008 -
2009 

2009 -
2010 

          
16-Jan 2.36 2.83 1.25 0.52 2.95 1.07 0.81 1.11 2.09 
17-Jan 2.35 2.74 1.31 0.51 3.00 0.85 1.04 1.21 2.57 
18-Jan 1.94 2.58 1.48 0.57 2.93 0.83 1.38 1.27 2.89 
19-Jan 2.13 2.50 1.49 0.61 2.70 1.19 1.45 1.22 2.72 
20-Jan 2.24 2.48 1.63 0.70 2.73 1.17 1.44 1.00 2.89 
21-Jan 2.10 2.37 1.65 0.90 2.60 0.87 0.72 0.96 3.02 
22-Jan 1.91 2.02 1.67 1.11 2.45 1.07 0.76 1.08 2.82 
23-Jan 1.64 2.54 1.71 1.23 2.54 1.16 0.65 1.15 2.86 
24-Jan 1.95 2.68 1.62 1.30 2.57 1.11 0.72 0.91 2.99 
25-Jan 2.11 2.90 1.57 1.47 2.68 0.77 0.71 0.31 3.38 
26-Jan 1.76 3.14 1.48 1.70 2.74 0.84 0.92 0.40 3.25 
27-Jan 1.66 3.11  1.86 2.85 0.68 1.15 0.49 3.29 
28-Jan 1.09 3.16  1.97 2.77 0.79 0.46 0.66 3.34 
29-Jan 1.10 2.99  2.11 2.54 0.87 0.53 0.69 3.41 
30-Jan 1.24 3.02  2.18 2.77 0.88 0.90 0.93 3.48 
31-Jan 1.26 3.04  2.30 2.52 0.80 1.21 0.96 3.50 
1-Feb 1.41 3.15  2.29 2.87 0.68 0.93 0.81 3.48 
2-Feb 1.52 3.12  2.40 2.78 0.72 0.68 1.14 3.60 
3-Feb 1.56 3.15  2.52 2.86 0.76 0.76 1.00 3.63 
4-Feb 1.47 2.95  2.65 2.99 0.96 0.50 0.78 3.72 
5-Feb 1.67 3.01  2.56 3.06 1.03 0.51 1.01 3.66 
6-Feb 1.79 2.78  2.26 3.15 1.18 0.57 1.15 3.85 
7-Feb 2.02 2.71  2.34 3.10 1.16 0.81 0.94 3.78 
8-Feb 2.18 2.52  2.00 3.18 1.16 1.08 1.04 3.91 
9-Feb 1.98 2.60  1.99 3.03 1.33 1.17 1.25 4.08 

10-Feb 2.28 2.61  2.04 2.72 1.46 1.32 1.06 3.97 
11-Feb 1.96 2.49  2.14 2.61 1.53 1.25 1.38 4.17 
12-Feb 1.88 2.46  2.27 2.77 1.80 1.61 1.21 4.34 
13-Feb 2.14 2.52  2.43 2.84 1.98 1.88 1.37 4.43 
14-Feb 2.28 3.04  2.39 2.60 1.90 1.88 1.51 4.67 
15-Feb 2.25 3.36  2.36 2.31 2.08 2.01 1.55 4.41 
16-Feb 2.40 3.51  2.29 1.98 2.35 2.23 1.48 4.70 
17-Feb 2.66 3.57  2.19 1.63 2.77 2.25 1.37 4.44 
18-Feb 3.01 3.45  2.10 1.39 2.81 2.21 1.49 4.02 
19-Feb 3.35 3.68  2.10 1.35 2.72 2.63 1.36 3.91 
20-Feb 2.99 3.93  2.14 1.55 2.94 2.68 1.40 3.78 
21-Feb 3.13 3.90  2.12 1.74 2.92 2.88 1.33 3.65 
22-Feb 3.34 3.75  2.16 1.83 3.01 3.00 1.44 3.69 
23-Feb 2.98 3.01  2.18 1.84 2.88 3.24 1.66 3.69 
24-Feb 2.28 2.67  2.34 1.82 2.79 3.13 1.87 4.09 
25-Feb 1.89 2.58  2.61 1.84 2.94 3.50 1.59 4.20 
26-Feb 2.40 3.04  2.69 1.97 2.91 3.43 0.92 4.26 
27-Feb  3.21  2.84 2.38 2.87 3.50 1.43 4.62 
28-Feb  3.29  3.00 2.28 2.82 3.65 1.78 4.80 
29-Feb       3.82   
1-Mar  3.37  3.30 2.43 2.65 3.77 2.14 4.97 
2-Mar  3.63  3.39 2.46 2.45 3.92 2.21 5.03 
3-Mar  3.81  3.53 2.63 2.43 4.09 2.10 5.15 
4-Mar  3.96  3.81 2.68 2.35 4.22 2.31 5.44 
5-Mar  4.35  3.95 2.82 2.39 4.18 2.26 5.54 
6-Mar  3.99  4.00 3.19 2.73 4.50 2.29 5.56 
7-Mar  2.88  4.26 3.30 3.11 5.03 2.57 5.63 
8-Mar  2.38  4.26 3.16 3.13 5.49 2.38 5.50 
9-Mar  2.41  4.48 3.19 3.49 5.23 2.23 5.27 

10-Mar  3.30  4.63 3.11 3.50 5.34 1.77 5.28 
11-Mar  3.59  4.77 3.26 3.71 5.21 2.48 5.18 
12-Mar  4.01  4.83 3.28 4.31 4.97 2.93 5.43 
13-Mar  5.26  5.01 3.41 4.28 5.09 3.01 5.62 
14-Mar  5.56  5.17 3.56 4.38 5.26 3.10 5.66 
15-Mar  5.20  5.41 3.79 4.37 5.43 3.18 6.28 
16-Mar  5.52  5.21 3.89 4.44 5.48 3.41 6.70 
17-Mar  5.61  5.29 4.10 4.60 5.71 3.64 6.67 
18-Mar  5.71  5.63 4.13 4.78 6.08 3.87 6.64 
19-Mar  5.67  5.51 4.34 5.00 5.57 4.23 6.58 
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Sample 
Date 

2001 -
2002 

2002 - 
2003 

2003 - 
2004 

2004 - 
2005 

2005 - 
2006 

2006 - 
2007 

2007 -
2008 

2008 -
2009 

2009 -
2010 

          
20-Mar  5.96  5.49 4.65 5.09 5.79 4.34 6.74 
21-Mar  6.29  5.49 4.75 5.05 5.94 4.10 6.73 
22-Mar  6.73  5.45 4.85 5.62 5.77 4.34 6.99 
23-Mar  6.29  5.41 5.02 5.33 5.77 4.48 7.39 
24-Mar  6.48  5.57  5.84 5.69 4.81 7.52 
25-Mar  6.67  5.92  6.06 5.61 5.06 7.67 
26-Mar  6.52  5.69  6.29 5.54 5.19 7.74 
27-Mar  7.16  5.71  6.54 5.54 5.62 8.07 
28-Mar  7.60  5.87  6.73 5.15 5.28 8.05 
29-Mar  7.65  5.83  6.85 5.59 5.33 8.23 
30-Mar  8.15  6.09  6.89 5.81 4.99 7.73 
31-Mar  8.12  6.05  7.02 5.75 5.07 7.91 

1-Apr  8.00  6.28  6.93 5.81 4.87 7.86 
2-Apr  7.74  6.16  6.93 6.12 5.03 7.19 
3-Apr  7.60  6.47  6.67 6.30 5.35 7.42 
4-Apr  8.04  6.89  6.66 6.24 5.58 7.68 
5-Apr  8.21  6.88  6.87 6.55 5.93 7.62 
6-Apr  8.30  7.16  7.49 6.71 6.36 8.05 
7-Apr  8.36  7.46  7.96 6.79 7.08 7.63 
8-Apr  9.11  7.38  8.21 6.90 7.97 7.81 
9-Apr  9.46  7.92  7.52 7.02 8.19 7.52 

10-Apr  8.76  7.96  7.34 7.31 8.36 7.80 
11-Apr  9.42  7.58  7.78 7.59 8.47 7.97 
12-Apr  8.91  7.56  8.11 8.13 8.17 8.38 
13-Apr  8.37  7.69  8.22 8.52 8.07 8.80 
14-Apr  8.00  7.76  7.90 8.47 8.05 9.41 
15-Apr  8.62  7.50  8.20 8.48 8.08 10.05 
16-Apr  9.16  7.33  8.24 8.69 8.99 10.53 
17-Apr  8.87  7.48  8.27 9.13 8.82 11.17 
18-Apr  9.36  8.05  8.48 8.79 8.84 11.58 
19-Apr  9.53  8.44  8.92 8.26 9.55 11.48 
20-Apr  9.89  8.39  8.93 8.19 9.67 11.39 
21-Apr  10.12  8.89  8.84 8.15 10.32 10.64 
22-Apr  9.98  9.21  9.51 8.26 10.40 9.60 
23-Apr  9.44  9.34  10.17 8.19 9.65 9.32 
24-Apr  8.31  9.57  10.23 8.11 9.85 9.47 
25-Apr  7.46  9.91  10.28 8.57 10.26 9.87 
26-Apr  7.62  10.47  9.87 8.90 10.55 10.14 
27-Apr  8.62  10.16  9.84 9.05 10.73 9.37 
28-Apr  9.34  9.83  10.21 9.48 10.26 8.91 
29-Apr  9.78  9.95  10.26 9.61 10.32 9.53 
30-Apr  10.70  10.09  10.15 9.59 11.01 10.19 
1-May  10.55  10.82  10.16 9.81 11.57 10.41 
2-May  9.83  11.63  10.05 10.08 11.59 10.41 
3-May  9.67  11.76  9.83 10.63 11.27 9.65 
4-May  9.36  12.16  9.95 11.25 10.50 9.80 
5-May  9.44  12.43  10.35 11.08 10.52 10.21 
6-May  9.92  13.05  10.73 10.77 10.18 10.87 
7-May  10.42  13.20  11.30 10.57 10.21 10.41 
8-May  11.16  13.29  11.63 10.30 11.17 10.92 
9-May  11.42  12.54  11.46 11.07 11.56 11.55 

10-May  11.71  12.44  11.78 10.44 11.74 12.00 
11-May  11.58  13.38  12.28 10.21 12.03 12.10 
12-May  11.97  14.50  12.75 11.20 11.37 12.56 
13-May  11.85  14.87  12.96 10.55 11.05 13.07 
14-May  11.85  14.93  13.21 10.13 11.40 12.98 
15-May  10.26  14.51  13.47 9.77 11.95 12.25 
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Table 13B. Daily mean water temperatures during Okanagan Sockeye spawning and incubation September 2010 to 
May 2016. Water temperatures are from the HOBO Tidbit temperature monitor installed at Transect 2 (Figure 1).  
 

Sample 
Date 

2010-
2011 

2011-
2012 

2012-
2013 

2013-
2014 

2014-
2015 

      
15-Sep   18.57 21.69 17.50 
16-Sep   18.42 21.46 17.61 
17-Sep   18.32 21.06 17.56 
18-Sep 17.28  18.32 20.77 17.47 
19-Sep 17.06  18.26 20.06 17.64 
20-Sep 16.51  18.28 19.56 17.70 
21-Sep 16.15  18.24 19.40 17.94 
22-Sep 15.63 17.80 18.24 18.81 18.02 
23-Sep 15.35 18.05 18.20 17.92 17.89 
24-Sep 15.31 18.15 18.12 17.27 17.63 
25-Sep 15.59 17.87 18.26 16.66 17.38 
26-Sep 16.00 16.75 17.91 16.54 17.24 
27-Sep 16.39 16.62 17.84 15.95 17.24 
28-Sep 16.55 16.27 17.72 15.58 17.14 
29-Sep 16.06 16.08 17.77 14.85 17.01 
30-Sep 16.10 16.01 17.48 14.24 16.77 

1-Oct 16.20 15.78 17.07 13.41 16.26 
2-Oct 16.45 15.68 16.14 13.34 15.89 
3-Oct 16.23 15.50 15.35 13.20 15.39 
4-Oct 16.21 15.36 14.98 12.92 15.41 
5-Oct 15.73 14.93 14.61 12.81 15.53 
6-Oct 15.22 14.82 14.37 12.73 15.59 
7-Oct 15.11 14.55 14.36 12.81 15.86 
8-Oct 15.53 14.14 14.32 12.69 15.88 
9-Oct 15.09 14.13 14.26 12.45 15.61 

10-Oct 15.04 13.98 14.18 12.50 15.46 
11-Oct 14.16 13.89 14.16 12.11 15.31 
12-Oct 14.07 13.63 14.04 12.28 15.03 
13-Oct 13.94 13.27 13.89 12.12 14.79 
14-Oct 13.49 13.11 13.87 11.87 14.75 
15-Oct 13.34 12.78 13.89 11.74 14.50 
16-Oct 12.39 12.61 13.74 11.90 14.04 
17-Oct 11.95 12.52 13.26 11.65 13.79 
18-Oct 11.81 12.41 12.86 11.49 13.60 
19-Oct 11.65 12.35 12.57 11.42 13.76 
20-Oct 11.62 12.31 12.13 11.40 13.54 
21-Oct 11.51 12.00 11.58 11.45 13.45 
22-Oct 11.69 11.96 11.16 11.42 12.92 
23-Oct 11.48 11.65 11.03 11.37 12.71 
24-Oct 11.64 11.39 10.75 11.22 12.34 
25-Oct 10.99 11.11 10.63 11.08 12.34 
26-Oct 10.78 10.55 10.40 10.90 12.14 
27-Oct 10.89 10.22 10.08 10.69 11.68 
28-Oct 10.68 9.86 10.07 10.27 11.15 
29-Oct 10.66 9.57 10.09 9.91 11.13 
30-Oct 10.69 9.46 10.08 9.64 11.13 
31-Oct 10.50 9.39 10.12 9.56 11.12 
1-Nov 10.39 9.08 10.16 9.07 10.63 
2-Nov 10.33 8.49 10.03 9.16 10.20 
3-Nov 9.43 8.51 10.06 8.88 10.22 
4-Nov 8.93 8.12 10.23 8.63 10.44 
5-Nov 9.64 7.56 10.27 8.17 10.12 
6-Nov 10.01 7.22 9.92 8.12 10.33 
7-Nov 10.30 6.74 9.78 7.92 10.11 
8-Nov 8.74 6.91 9.00 7.96 9.71 
9-Nov 8.17 6.96 8.42 7.60 9.61 

10-Nov 8.36 6.76 7.58 7.75 8.97 
11-Nov 7.95 6.51 6.98 7.79 8.11 
12-Nov 7.72 6.37 6.99 7.68 7.53 
13-Nov 7.69 6.27 7.04 7.88 6.79 
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Sample 
Date 

2010-
2011 

2011-
2012 

2012-
2013 

2013-
2014 

2014-
2015 

      
14-Nov 7.98 5.83 7.19 7.76 6.07 
15-Nov 7.86 5.45 7.00 7.28 5.56 
16-Nov 7.82 4.74 6.99 7.00 5.13 
17-Nov 7.69 4.70 6.95 6.65 4.81 
18-Nov 7.16 4.65 6.67 6.64 4.71 
19-Nov 5.57 4.43 6.83 6.84 4.89 
20-Nov 4.12 4.12 6.95 5.47 4.89 
21-Nov 3.08 3.95 6.71 4.92 4.70 
22-Nov 1.87 4.29 6.21 4.68 4.68 
23-Nov 0.27 5.01 6.12 4.43 4.43 
24-Nov 0.03 4.29 6.22 4.48 4.19 
25-Nov 0.46 4.33 5.65 4.33 4.13 
26-Nov 1.13 4.12 5.24 4.11 3.97 
27-Nov 2.48 4.15 5.23 3.96 4.26 
28-Nov 2.63 3.85 5.19 3.95 4.03 
29-Nov 1.97 3.91 5.31 3.68 1.73 
30-Nov 2.07 3.93 5.48 3.74 0.83 
1-Dec 2.77 3.30 5.84 3.77 1.06 
2-Dec 2.76 3.21 5.70 3.48 1.27 
3-Dec 2.45 3.32 5.59 2.34 1.71 
4-Dec 2.37 3.25 5.78 1.69 1.86 
5-Dec 1.41 2.91 5.59 1.24 1.97 
6-Dec 1.98 2.81 5.30 1.27 2.11 
7-Dec 2.10 2.60 4.92 0.95 2.21 
8-Dec 2.71 2.30 4.59 1.20 2.28 
9-Dec 2.95 2.07 4.26 1.02 2.64 

10-Dec 3.08 2.07 4.30 1.18 2.72 
11-Dec 2.86 2.06 4.09 1.25 2.43 
12-Dec 2.61 1.78 4.04 1.47 2.24 
13-Dec 3.34 1.45 3.91 1.36 2.36 
14-Dec 3.43 1.72 3.68 1.37 2.53 
15-Dec 2.52 1.64 3.53 1.63 2.57 
16-Dec 2.43 1.74 3.39 1.63 2.50 
17-Dec 2.70 1.89 3.27 1.72 2.70 
18-Dec 1.87 1.97 2.83 1.74 2.96 
19-Dec 2.15 1.49 2.63 1.39 3.13 
20-Dec 2.01 1.66 2.77 1.37 3.25 
21-Dec 2.12 1.43 2.72 1.65 3.40 
22-Dec 2.14 1.10 2.50 1.63 3.12 
23-Dec 2.37 1.37 2.78 1.74 3.29 
24-Dec 2.70 1.57 2.77 1.46 3.21 
25-Dec 2.82 1.64 2.65 1.38 3.03 
26-Dec 2.73 1.44 2.77 1.61 2.93 
27-Dec 2.31 1.73 2.82 1.48 2.77 
28-Dec 2.78 2.08 2.77 1.54 2.77 
29-Dec 2.36 2.05 2.54 1.53 2.15 
30-Dec 0.88 2.05 2.49 1.62 1.05 
31-Dec 0.22 1.61 2.30 1.77 0.86 

1-Jan 0.86 1.74 1.89 1.60 0.83 
2-Jan 1.10 1.59 1.83 1.80 0.70 
3-Jan 1.14 1.84 1.75 1.72 0.91 
4-Jan 1.13 2.26 1.64 1.55 0.95 
5-Jan 1.20 2.01 1.54 1.46 0.94 
6-Jan 1.47 1.86 1.59 1.61 1.36 
7-Jan 1.55 1.62 1.44 1.74 1.46 
8-Jan 1.45 1.98 1.33 1.82 1.46 
9-Jan 1.02 2.10 1.42 1.83 1.42 

10-Jan 1.19 1.76 1.11 1.88 1.48 
11-Jan 1.29 0.99 0.77 2.20 1.49 
12-Jan 1.21 0.96 0.60 1.95 1.58 
13-Jan 1.42 1.21 0.89 2.20 1.64 
14-Jan 1.78 1.21 1.02 2.16 1.69 
15-Jan 1.85 1.08 0.97 2.32 1.65 
16-Jan 2.05 1.16 1.20 2.32 1.86 



56 
 

Sample 
Date 

2010-
2011 

2011-
2012 

2012-
2013 

2013-
2014 

2014-
2015 

      
17-Jan 2.02 0.80 1.22 2.42 1.81 
18-Jan 1.85 0.12 1.33 2.46 1.99 
19-Jan 1.66 0.27 1.43 2.53 2.01 
20-Jan 1.92 0.57 1.41 2.51 1.91 
21-Jan 2.00 0.85 1.41 2.42 2.05 
22-Jan 1.97 0.89 1.12 2.49 2.20 
23-Jan 2.09 0.95 1.29 2.58 2.33 
24-Jan 2.09 0.74 1.62 2.62 2.33 
25-Jan 2.23 0.91 1.66 2.54 2.48 
26-Jan 2.29 0.86 1.95 2.55 2.49 
27-Jan 2.43 0.60 1.91 2.64 2.54 
28-Jan 2.39 0.66 1.84 2.58 2.58 
29-Jan 2.27 1.06 2.04 2.41 2.65 
30-Jan 1.60 1.24 2.20 2.37 2.71 
31-Jan 1.63 1.31 2.02 1.95 2.72 
1-Feb 1.88 1.62 1.93 1.74 2.74 
2-Feb 2.21 1.40 1.73 1.80 2.75 
3-Feb 2.09 1.38 1.95 1.35 2.88 
4-Feb 2.15 1.51 2.27 1.17 2.95 
5-Feb 2.56 1.83 2.33 0.93 3.16 
6-Feb 2.05 1.91 2.29 0.82 3.73 
7-Feb 2.36 1.98 2.46 1.04 3.79 
8-Feb 1.97 2.15 2.37 0.89 3.98 
9-Feb 1.82 2.29 2.68 1.07 4.18 

10-Feb 2.05 2.33 2.67 1.13 4.35 
11-Feb 2.17 2.50 2.45 1.09 4.51 
12-Feb 2.45 2.49 2.65 1.60 4.55 
13-Feb 2.50 2.48 2.73 1.69 4.65 
14-Feb 2.75 2.16 2.69 1.91 4.71 
15-Feb 2.83 2.35 2.76 2.44 4.52 
16-Feb 2.91 2.43 2.87 2.55 4.33 
17-Feb 3.22 2.74 2.89 2.41 4.12 
18-Feb 3.18 2.75 2.85 2.34 4.01 
19-Feb 2.38 2.71 2.91 2.39 3.95 
20-Feb 2.62 2.92 2.79 2.43 4.13 
21-Feb 3.00 2.66 2.87 2.42 4.03 
22-Feb 3.29 3.02 2.95 2.32 3.72 
23-Feb 2.61 3.06 3.02 2.18 3.69 
24-Feb 1.96 3.09 2.95 1.96 3.87 
25-Feb 1.52 3.45 3.00 1.75 3.98 
26-Feb 1.86 2.90 3.02 1.62 4.16 
27-Feb 1.89 2.70 3.18 1.63 4.10 
28-Feb 2.28 3.05 3.26 1.68 3.89 
29-Feb  3.31    
1-Mar 2.02 3.41 3.66 1.62 3.87 
2-Mar 1.80 3.27 3.80 1.42 3.97 
3-Mar 2.01 3.51 3.57 1.38 3.72 
4-Mar 2.11 3.81 3.53 1.35 3.61 
5-Mar 2.63 3.86 3.58 1.55 3.70 
6-Mar 2.86 3.30 3.60 1.98 4.05 
7-Mar 3.08 3.67 3.69 2.36 4.31 
8-Mar 3.09 3.79 3.91 2.67 4.54 
9-Mar 3.43 4.28 4.06 3.08 4.70 

10-Mar 4.02 4.56 4.08 3.26 5.09 
11-Mar 3.75 4.36 4.26 3.39 5.81 
12-Mar 4.16 3.44 4.70 3.66 5.99 
13-Mar 3.96 3.55 5.14 3.75 6.04 
14-Mar 4.04 3.65 5.34 4.14 6.52 
15-Mar 4.05 4.22 5.49 4.14 5.81 
16-Mar 4.16 4.25 5.51 4.40 6.19 
17-Mar 4.31 3.96 5.41 4.45 6.40 
18-Mar 4.51 3.99 5.30 4.50 6.94 
19-Mar 4.46 4.34 5.15 4.56 7.05 
20-Mar 4.66 4.41 5.15 4.61 6.91 
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Sample 
Date 

2010-
2011 

2011-
2012 

2012-
2013 

2013-
2014 

2014-
2015 

      
21-Mar 5.25 4.65 5.04 4.67 6.55 
22-Mar 5.62 5.01 4.98 4.54 6.27 
23-Mar 5.56 4.94 5.09 4.71 6.59 
24-Mar 5.26 4.88 5.16 4.83 7.01 
25-Mar 5.85 4.76 5.11 4.77 6.99 
26-Mar 5.81 4.94 5.35 5.06 7.14 
27-Mar 5.88 5.55 5.82 5.38 7.40 
28-Mar 6.13 5.84 6.31 5.26 7.23 
29-Mar 6.58 5.89 6.68 5.35 7.24 
30-Mar 6.78 6.42 7.48 5.50 7.70 
31-Mar 7.32 6.09 7.87 5.66 7.29 

1-Apr 7.27 6.31 8.17 6.17 7.13 
2-Apr 6.99 6.38 8.45 6.46 7.48 
3-Apr 7.49 6.84 8.76 6.48 7.75 
4-Apr 7.25 6.60 8.67 6.33 7.70 
5-Apr 7.34 6.89 8.18 6.37 7.73 
6-Apr 7.00 7.22 7.62 6.81 8.09 
7-Apr 7.10 7.41 7.12 7.11 8.09 
8-Apr 7.46 7.52 7.64 7.47 8.40 
9-Apr 7.96 8.29 7.87 7.94 8.65 

10-Apr 8.01 8.55 7.65 8.09 8.47 
11-Apr 8.01 8.80 7.33 8.47 8.34 
12-Apr 7.71 8.88 7.08 8.90 8.11 
13-Apr 7.97 9.10 7.14 9.09 8.28 
14-Apr 7.71 9.13 7.17 8.99 8.23 
15-Apr 7.77 9.60 7.30 8.96 8.31 
16-Apr 7.96 9.36 7.53 8.93 8.71 
17-Apr 7.89 9.29 7.56 9.06 8.40 
18-Apr 8.11 9.43 7.82 8.95 9.44 
19-Apr 8.14 9.19 8.18 8.75 10.03 
20-Apr 8.06 9.68 8.51 9.02 10.43 
21-Apr 7.97 9.75 7.99 9.13 10.71 
22-Apr 8.36 10.32 8.12 9.03 10.41 
23-Apr 8.55 10.33 8.32 8.94 10.11 
24-Apr 8.54 10.65 8.52 9.10 9.76 
25-Apr 8.79 9.61 8.96 9.24 9.56 
26-Apr 9.09 7.06 9.17 9.56 10.09 
27-Apr 9.28 7.04 9.04 9.15 10.29 
28-Apr 8.89 8.76 8.51 9.40 10.72 
29-Apr 9.05 9.63 8.24 9.72 10.75 
30-Apr 9.51 9.29 8.54 10.02 10.59 
1-May 9.66 9.33 8.75 10.44 11.38 
2-May 9.18 9.50 9.13 10.42 11.24 
3-May 9.45 9.22 9.56 10.37 11.29 
4-May 9.76 8.92 9.57 10.34 11.51 
5-May 9.68 9.00 9.57 9.93 10.80 
6-May 9.86 9.24 9.95 10.06 11.02 
7-May 9.88 9.39 10.27 10.60 11.62 
8-May 9.96 9.54 10.48 10.65 11.96 
9-May 10.27 9.51 10.84 9.97 12.32 

10-May 10.30 9.21 11.25 9.86 12.61 
11-May 9.90 9.22 11.59 10.23 12.97 
12-May 9.20 10.05 11.70 10.47 12.81 
13-May 9.49 10.47 11.51 11.15 12.66 
14-May 9.00 11.06 11.28 11.60 12.67 
15-May 8.35 11.29 12.20 11.88 12.71 
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Table 14A. Identity of supplementary water temperature data loggers installed at various locations and 
depths throughout the Index Section of the Okanagan River Sockeye Salmon spawning grounds in 2000-
2001. (Summit 2002; Figure 1). 
 

Transect Name Habitat Type Data Logger Location 
    
1 Redd 1 Run-end Channel Bed: 0.2m deep in substrate, ~ 5m from water’s edge 

2 Redd 2 Margin Channel Bed: 0.2m deep in substrate, ~ 7m from water’s edge 

2 Surface 2 Margin Surface water 

3 Redd 3 Side-channel Channel Bed: 0.2m deep in substrate, mid-channel 

4 Redd 4 Margin Channel Bed: 0.3m deep in substrate, ~ 3m from water’s edge 

4 Surface 4 Margin Surface water 

5 Redd 5 Riffle Channel Bed: 0.2m deep in substrate, ~ 5m from water’s edge 

6 Redd 6 Deep Riffle Channel Bed: 0.2m deep in substrate, ~ 5m from water’s edge 

7 Redd 7 Deep Riffle Channel Bed: 0.2m deep in substrate, ~ 5m from water’s edge 

7 Surface 7 Deep Riffle Surface water 

    
 
 
Table 14B. Supplementary water temperature observations by location (and depth) throughout the Index Section of 
the Okanagan River Sockeye Salmon spawning grounds in 2000-2001 (Summit 2002). Locations are identified in 
Table 12A and Figure 1.  
 

Date Redd 1 Redd 2 
Surface 

2 
Redd 3 Redd 4 

Surface 
4 

Redd 5 Redd 6 Redd 7 
Surface 

7 

           
25-Oct-00     10.41 11.61   11.24 11.39 
26-Oct-00     10.44 10.32   10.33 10.13 
27-Oct-00     10.33 10.22   10.29 10.06 
28-Oct-00     10.23 10.19   10.33 10.16 
29-Oct-00     10.12 10.01   10.19 9.98 
30-Oct-00     10.04 9.88   10.06 9.79 
31-Oct-00     9.68 9.57   9.67 9.41 
1-Nov-00     9.39 9.21   9.36 9.08 
2-Nov-00     9.08 8.93   9.03 8.54 
3-Nov-00     9.18 8.95   9.12 8.90 
4-Nov-00     8.98 8.82   9.05 8.69 
5-Nov-00     8.75 8.44   8.78 8.44 
6-Nov-00     8.54 8.24   8.61 8.13 
7-Nov-00     8.31 7.96   8.25 6.99 
8-Nov-00     8.28 8.01   8.31 7.64 
9-Nov-00     8.03 7.77   8.13 7.44 

10-Nov-00     7.41 7.05   7.49 6.63 
11-Nov-00     7.07 6.82   7.05 6.22 
12-Nov-00     7.02 6.82   7.08 6.50 
13-Nov-00     6.58 6.46   6.71 5.96 
14-Nov-00 6.30 6.12   6.47  6.51 6.30 6.70 5.99 
15-Nov-00 6.22 5.93   6.34  6.40 6.22 6.62 6.12 
16-Nov-00 5.80 5.54   5.88  6.04 5.81 6.21 5.68 
17-Nov-00 5.64 5.35   5.69  5.83 5.66 6.11 5.50 
18-Nov-00 5.56 5.35   5.74  5.75 5.55 6.16 5.44 
19-Nov-00 5.28 4.97   5.43  5.49 5.27 5.93 4.98 
20-Nov-00 5.23 4.92   5.30  5.44 5.29 5.92 5.13 
21-Nov-00 4.81 4.54   4.91  5.00 4.82 5.48 4.46 
22-Nov-00 4.52 4.20   4.67  4.74 4.46 5.15 4.04 
23-Nov-00 4.21 3.91   4.31  4.37 4.15 4.89 3.55 
24-Nov-00 3.87 3.62   3.99  4.10 3.94 4.66 3.26 
25-Nov-00 3.71 3.52   3.94  3.98 3.84 4.52 3.37 
26-Nov-00 3.66 3.47   3.94  4.00 3.81 4.52 3.52 
27-Nov-00 3.76 3.52   3.99  4.11 3.97 4.65 3.92 
28-Nov-00 3.52 3.27   3.78  3.82 3.68 4.42 3.52 
29-Nov-00 3.39 3.22   3.65  3.74 3.55 4.34 3.39 
30-Nov-00 3.50 3.27   3.84  3.90 3.73 4.41 3.60 
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Date Redd 1 Redd 2 
Surface 

2 
Redd 3 Redd 4 

Surface 
4 

Redd 5 Redd 6 Redd 7 
Surface 

7 

1-Dec-00 3.60 3.32   3.94  4.00 3.89 4.52 3.89 
2-Dec-00 3.55 3.32   3.86  3.92 3.81 4.47 3.68 
3-Dec-00 3.42 3.22   3.68  3.82 3.68 4.36 3.60 
4-Dec-00 3.24 3.08   3.55  3.53 3.39 4.03 3.13 
5-Dec-00 3.26 3.03   3.49  3.61 3.44 4.05 3.37 
6-Dec-00 3.05 2.88   3.31  3.37 3.16 3.95 3.05 
7-Dec-00 3.00 2.68   3.23  3.32 3.18 3.92 2.98 
8-Dec-00 2.79 2.53   3.07  3.24 3.00 3.79 1.76 
9-Dec-00 2.57 2.34   2.84  2.90 2.73 3.50 0.94 

10-Dec-00 1.89 1.60   1.91  2.21 1.94 3.01 -0.45 
11-Dec-00 0.72 0.46   0.90  0.91 0.69 1.88 -1.31 
12-Dec-00 0.69 0.41   0.95  0.97 0.74 1.66 0.41 
13-Dec-00 0.90 0.71   1.19  1.23 0.98 1.98 0.81 
14-Dec-00 0.66 0.46   0.95  1.02 0.74 1.85 0.44 
15-Dec-00 0.37 0.02   0.50  0.51 0.29 1.45 0.04 
16-Dec-00 0.66 0.46   0.90  0.78 0.56 1.32 0.15 
17-Dec-00 1.14 0.86   1.40  1.39 1.22 1.90 0.97 
18-Dec-00 0.90 0.71   1.22  1.18 0.98 1.77 0.67 
19-Dec-00 1.17 0.96   1.51  1.63 1.49 2.08 1.37 
20-Dec-00 0.72 0.46   1.00  1.02 0.82 1.72 0.60 
21-Dec-00 0.93 0.66   1.22  1.28 1.09 1.82 0.97 
22-Dec-00 1.12 0.91   1.51  1.55 1.33 2.01 1.29 
23-Dec-00 1.17 1.01   1.62  1.65 1.54 2.27 1.55 
24-Dec-00 1.25 1.01   1.78  1.76 1.65 2.32 1.63 
25-Dec-00 1.22 1.06   1.76  1.81 1.65 2.43 1.71 
26-Dec-00 1.41 1.26   1.92  2.00 1.89 2.51 2.00 
27-Dec-00 1.41 1.26   1.86  1.97 1.83 2.59 1.90 
28-Dec-00 1.25 1.06   1.75  1.65 1.54 2.30 1.39 
29-Dec-00 1.46 1.31   1.89  1.94 1.75 2.43 1.71 
30-Dec-00 1.57 1.36   1.99  2.02 1.83 2.59 1.82 
31-Dec-00 1.78 1.55   2.20  2.24 2.07 2.72 2.08 

1-Jan-01 1.92 1.75   2.42  2.42 2.28 2.90 2.34 
2-Jan-01 1.89 1.65   2.36  2.37 2.25 2.90 2.21 
3-Jan-01 1.84 1.65   2.28  2.32 2.17 2.90 2.11 
4-Jan-01 1.97 1.85   2.47  2.42 2.25 2.93 2.29 
5-Jan-01 2.16 1.95   2.55  2.69 2.54 3.19 2.58 
6-Jan-01 1.81 1.60   2.15  2.16 1.91 2.80 1.79 
7-Jan-01 1.76 1.50   2.02  1.92 1.67 2.54 1.50 
8-Jan-01 1.97 1.70   2.28  2.18 1.96 2.61 1.84 
9-Jan-01 2.26 2.04   2.68  2.72 2.52 3.03 2.53 

10-Jan-01 2.39 2.19   2.81  2.85 2.68 3.24 2.71 
11-Jan-01 2.18 1.94   2.58  2.61 2.41 3.11 2.40 
12-Jan-01 2.31 2.19   2.76  2.74 2.60 3.16 2.61 
13-Jan-01 2.41 2.19   2.81  2.87 2.68 3.32 2.77 
14-Jan-01 2.39 2.14   2.84  2.74 2.62 3.24 2.53 
15-Jan-01 2.31 2.04   2.68  2.79 2.62 3.29 2.58 
16-Jan-01 1.89 1.70   2.26  2.16 1.94 2.77 1.74 
17-Jan-01 2.05 1.90   2.39  2.32 2.12 2.72 2.00 
18-Jan-01 2.31 2.14   2.71  2.63 2.46 2.90 2.35 
19-Jan-01 2.31 2.09   2.66  2.66 2.49 3.03 2.45 
20-Jan-01 2.05 1.90   2.47  2.50 2.33 2.95 2.26 
21-Jan-01 1.94 1.80   2.36  2.42 2.20 2.85 2.21 
22-Jan-01 2.02 1.85   2.47  2.48 2.36 2.90 2.35 
23-Jan-01 1.97 1.82   3.26  2.41 2.29 2.73 3.78 
24-Jan-01 1.86 1.70  2.95 2.28 2.05 2.37 2.25 2.46 2.16 
25-Jan-01 1.89 1.70  3.24 2.23 2.16 2.21 2.10 2.27 2.13 
26-Jan-01 2.05 1.85  3.19 2.44 2.29 2.50 2.36 2.61 2.40 
27-Jan-01 1.86 1.70  2.92 2.31 2.08 2.37 2.20 2.46 2.16 
28-Jan-01 1.49 1.35  3.03 1.94 1.68 1.89 1.75 2.00 1.63 
29-Jan-01 1.46 1.31  2.98 1.86 1.63 1.87 1.70 1.90 1.61 
30-Jan-01 1.57 1.41  2.98 1.80 1.68 1.84 1.70 1.85 1.66 
31-Jan-01 1.81 1.65  3.37 2.26 2.08 2.32 2.18 2.43 2.16 
1-Feb-01 1.57 1.40  3.19 1.94 1.84 2.00 1.78 2.06 1.87 
2-Feb-01 1.86 1.65  3.37 2.34 2.18 2.45 2.36 2.67 2.50 
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Date Redd 1 Redd 2 
Surface 

2 
Redd 3 Redd 4 

Surface 
4 

Redd 5 Redd 6 Redd 7 
Surface 

7 

           
3-Feb-01 1.62 1.40  3.27 2.05 1.87 2.10 1.96 2.27 2.00 
4-Feb-01 1.81 1.55  3.66 2.15 2.05 2.19 2.07 2.35 2.14 
5-Feb-01 1.94 1.80  3.69 2.42 2.19 2.50 2.36 2.72 2.34 
6-Feb-01 1.49 1.26  2.89 1.81 1.50 1.79 1.62 2.16 1.37 
7-Feb-01 1.68 1.40  3.26 1.78 1.58 1.79 1.54 1.98 1.34 
8-Feb-01 1.94 1.75  4.53 2.15 2.00 2.13 1.94 2.30 1.77 
9-Feb-01 2.36 2.14  4.87 2.60 2.45 2.69 2.52 2.69 2.40 

10-Feb-01 2.36 2.14  4.16 2.76 2.61 2.77 2.65 2.95 2.66 
11-Feb-01 2.05 1.85  3.76 2.55 2.26 2.61 2.49 2.98 2.42 
12-Feb-01 1.78 1.65  3.29 2.12 1.97 2.13 1.99 2.45 1.95 
13-Feb-01 1.78 1.65  3.45 2.15 1.97 2.16 2.02 2.45 2.00 
14-Feb-01 2.08 1.85  4.03 2.47 2.29 2.50 2.41 2.80 2.50 
15-Feb-01 1.68 1.45  4.21 2.02 1.63 2.05 1.91 2.40 1.68 
16-Feb-01 1.78 1.60  4.11 2.05 1.76 2.05 1.88 2.30 1.77 
17-Feb-01 1.86 1.65  3.87 2.10 1.79 2.05 1.86 2.30 1.68 
18-Feb-01 2.07 1.85  4.16 2.36 2.21 2.40 2.26 2.53 2.24 
19-Feb-01 2.21 1.99  4.71 2.71 2.42 2.77 2.73 3.01 2.71 
20-Feb-01  4.07 4.04 5.40 2.50 2.97 4.64 3.59 4.13 2.37 
21-Feb-01  2.19 2.56 2.98 2.79 2.53 2.82 2.73 3.01 2.74 
22-Feb-01  2.29 2.66 3.11 2.86 2.71 2.95 2.86 3.19 3.05 
23-Feb-01  2.34 2.72 3.19 2.89 2.66 2.90 2.78 3.14 2.82 
24-Feb-01  2.73 3.06 3.53 3.28 3.05 3.40 3.28 3.56 3.45 
25-Feb-01  2.88 3.24 3.74 3.34 3.03 3.47 3.34 3.58 3.42 
26-Feb-01  3.08 3.37 3.82 3.55 3.02 3.48 3.33 3.66 3.41 
27-Feb-01  3.22 3.58 4.21 3.73 3.26 3.68 3.57 3.87 3.62 
28-Feb-01  3.32 3.69 4.13 3.76 3.26 3.79 3.60 3.84 3.60 
1-Mar-01  3.37 3.71 4.21 3.92 3.50 3.82 3.65 3.87 3.58 
2-Mar-01  3.71 4.00 4.50 4.07 3.91 4.16 4.04 4.29 4.07 
3-Mar-01  3.76 4.03 4.50 4.28 3.78 4.21 4.12 4.34 4.20 
4-Mar-01  3.91 4.24 4.60 4.41 4.04 4.37 4.22 4.50 4.33 
5-Mar-01  4.15 4.50 4.79 4.67 4.56 4.71 4.61 4.78 4.77 
6-Mar-01  4.34 4.66 5.02 4.88 4.69 4.94 4.87 5.09 5.13 
7-Mar-01  4.44 4.79 5.18 5.01 4.80 5.07 5.00 5.25 5.26 
8-Mar-01  4.49 4.82 5.23 5.07 4.88 5.00 4.90 5.17 4.98 
9-Mar-01  4.73 5.05 5.44 5.12 5.00 5.31 5.24 5.48 5.49 

10-Mar-01  4.29 4.63 5.00 4.70 4.51 4.79 4.69 5.04 4.64 
11-Mar-01  4.53 4.87 5.31 5.17 4.90 5.15 5.06 5.30 5.29 
12-Mar-01  4.87 5.20 5.59 5.48 5.26 5.44 5.32 5.61 5.55 
13-Mar-01  5.16 5.44 5.77 5.56 5.55 5.70 5.63 5.87 6.01 
14-Mar-01  4.78 5.02 5.49 5.14 5.06 5.34 5.24 5.61 5.49 
15-Mar-01  4.44 4.79 5.26 4.88 4.64 4.92 4.77 5.17 4.72 
16-Mar-01  5.06 5.28 5.75 5.53 5.42 5.54 5.47 5.69 5.60 
17-Mar-01  5.31 5.70 5.98 5.90 5.84 5.96 5.86 6.03 5.99 
18-Mar-01  5.45 5.75 5.96 5.95 5.84 5.86 5.79 5.98 5.96 
19-Mar-01  5.88 6.14 6.43 6.32 6.30 6.48 6.46 6.55 6.81 
20-Mar-01  6.02 6.35 6.55 6.39 6.38 6.59 6.53 6.68 6.86 
21-Mar-01  5.88 6.12 6.40 6.32 6.07 6.35 6.22 6.52 6.48 
22-Mar-01  6.46 6.66 6.92 6.83 6.61 6.87 6.77 6.88 7.10 
23-Mar-01  6.46 6.72 7.00 6.89 6.72 6.87 6.77 6.93 7.05 
24-Mar-01  6.36 6.69 6.97 6.86 6.66 6.82 6.66 6.85 6.81 
25-Mar-01  6.56 6.85 7.08 6.91 6.92 6.98 6.87 7.04 7.02 
26-Mar-01  6.60 6.84 7.13 6.94 6.95 7.08 7.05 7.19 7.15 
27-Mar-01  5.83 6.17 6.48 6.21 5.99 6.20 6.02 6.50 5.86 
28-Mar-01  6.07 6.43 6.71 6.45 6.41 6.51 6.40 6.62 6.48 
29-Mar-01  5.74 6.07 6.43 6.14 5.94 6.11 5.99 6.31 5.99 
30-Mar-01  6.22 6.56 6.89 6.78 6.64 6.74 6.61 6.81 7.02 
31-Mar-01  6.22 6.59 6.95 6.60 6.54 6.69 6.59 6.83 6.66 

1-Apr-01  6.36 6.66 7.00 6.71 6.67 6.82 6.66 6.94 6.86 
2-Apr-01  6.65 6.95 7.31 7.17 7.00 7.10 7.00 7.12 7.28 
3-Apr-01  6.84 7.13 7.54 7.15 7.13 7.18 7.08 7.27 7.13 
4-Apr-01  6.98 7.31 7.70 7.54 7.49 7.52 7.46 7.55 7.82 
5-Apr-01  6.60 6.97 7.49 6.99 6.85 7.10 6.95 7.27 6.92 
6-Apr-01  6.51 6.87 7.41 6.96 6.80 7.03 6.85 7.09 6.82 
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Date Redd 1 Redd 2 
Surface 

2 
Redd 3 Redd 4 

Surface 
4 

Redd 5 Redd 6 Redd 7 
Surface 

7 

           
7-Apr-01  6.89 7.29 7.62 7.48 7.26 7.44 7.31 7.48 7.61 
8-Apr-01  7.37 7.62 7.93 7.77 7.70 7.78 7.65 7.78 7.77 
9-Apr-01  7.71 7.96 8.19 8.08 8.08 8.14 8.03 8.12 8.34 

10-Apr-01  7.85 8.11 8.34 8.23 8.24 8.35 8.21 8.27 8.28 
11-Apr-01  7.95 8.14 8.37 8.28 8.18 8.32 8.21 8.27 8.38 
12-Apr-01  8.00 8.22 8.42 8.41 8.29 8.40 8.24 8.30 8.36 
13-Apr-01  8.28 8.50 8.60 8.65 8.49 8.63 8.52 8.56 8.69 
14-Apr-01  8.81 8.97 8.97 9.14 9.01 9.17 9.01 9.00 9.36 
15-Apr-01  9.05 9.20 9.22 9.32 9.37 9.46 9.35 9.31 9.67 
16-Apr-01  9.34 9.53 9.46 9.73 9.66 9.66 9.60 9.54 9.90 
17-Apr-01  9.77 9.92 9.74 9.97 10.14 10.16 10.04 9.95 10.23 
18-Apr-01  9.24 9.51 9.38 9.37 9.39 9.53 9.39 9.54 9.49 
19-Apr-01  9.72 9.79 9.69 9.99 9.76 9.87 9.73 9.67 10.08 
20-Apr-01  10.44 10.44 10.18 10.58 10.51 10.59 10.50 10.29 10.93 
21-Apr-01  10.64 10.70 10.44 10.74 10.76 10.88 10.79 10.65 11.09 
22-Apr-01  10.44 10.57 10.26 10.61 10.53 10.70 10.53 10.47 10.60 
23-Apr-01  10.20 10.44 10.05 10.43 10.32 10.55 10.38 10.42 10.44 
24-Apr-01  10.83 10.96 10.55 11.10 11.22 11.14 11.07 10.85 11.47 
25-Apr-01  11.21 11.30 10.86 11.47 11.77 11.71 11.67 11.45 12.17 
26-Apr-01  10.15 10.36 10.00 10.54 10.55 10.88 10.71 11.01 11.06 
27-Apr-01  9.53 9.77 9.59 10.07 10.06 10.47 10.30 10.68 10.62 
28-Apr-01  7.66 7.96 8.32 8.28 8.09 8.91 8.34 9.33 8.23 
29-Apr-01  8.52 8.65 8.91 8.88 8.80 8.89 8.75 9.07 8.87 
30-Apr-01  8.91 9.12 9.27 9.34 9.32 9.27 9.22 9.41 9.29 
1-May-01  9.20 9.35 9.38 9.60 9.50 9.51 9.42 9.59 9.57 
2-May-01  10.35 10.28 9.98 10.59 10.61 10.39 10.40 10.31 10.91 
3-May-01  10.11 10.18 9.92 10.43 10.45 10.52 10.43 10.50 10.47 
4-May-01  10.15 10.18 9.87 10.43 10.40 10.47 10.35 10.42 10.49 
5-May-01  9.68 9.90 9.64 10.09 9.96 10.31 10.25 10.39 10.44 
6-May-01  10.20 10.21 9.95 10.51 10.45 10.41 10.35 10.42 10.70 
7-May-01  10.68 10.68 10.18 10.90 10.92 10.88 10.84 10.86 11.16 
8-May-01  10.83 10.86 10.31 11.18 11.17 11.09 11.10 11.01 11.42 
9-May-01  10.78 10.91 10.47 11.26 11.15 11.24 11.20 11.22 11.44 

10-May-01  11.35 11.35 10.80 11.70 11.66 11.58 11.59 11.50 11.83 
11-May-01  11.88 11.92 11.32 12.24 12.15 12.02 12.05 11.89 12.40 
12-May-01  12.12 12.07 11.53 12.50 12.49 12.38 12.44 12.20 12.71 
13-May-01  12.17 12.13 11.56 12.55 12.54 12.51 12.57 12.46 12.78 
14-May-01  11.07 11.17 10.68 11.54 11.38 11.84 11.64 11.91 11.52 
15-May-01  10.87 10.91 10.50 11.29 11.22 11.42 11.30 11.50 11.40 
16-May-01  11.21 11.27 10.72 11.65 11.56 11.55 11.56 11.60 11.81 
17-May-01  11.21 11.24 10.65 11.49 11.43 11.50 11.41 11.53 11.39 
18-May-01  12.17 12.15 11.30 12.45 12.38 12.02 12.16 11.99 12.50 
19-May-01  13.23 13.14 12.02 13.33 13.39 13.16 13.29 12.95 13.56 
20-May-01  13.08 13.00 11.92 13.36 13.34 13.18 13.19 13.08 13.46 
21-May-01  13.76 13.68 12.41 13.96 14.01 13.70 13.87 13.52 14.24 
22-May-01  14.29 14.28 12.85 14.61 14.67 14.38 14.57 14.16 14.94 
23-May-01  14.63 14.52 13.29 14.92 14.93 14.72 14.91 14.55 15.23 
24-May-01  15.27 15.15 13.79 15.50 15.58 15.22 15.38 14.92 15.73 
25-May-01  15.76 15.57 14.08 16.00 15.98 15.67 15.88 15.31 16.20 
26-May-01  16.39 16.20 14.41 16.56 16.61 16.33 16.49 15.81 16.78 
27-May-01  16.48 16.36 14.25 16.53 16.53 16.44 16.41 15.92 16.56 
28-May-01  15.85 15.62 13.83 15.87 15.92 16.17 16.04 15.79 15.93 
29-May-01  14.34 14.20 12.75 14.55 14.38 14.63 14.35 14.60 14.44 
30-May-01  14.87 14.70 13.16 15.00 14.88 14.77 14.67 14.57 14.84 
31-May-01  16.34 16.23 14.25 16.38 16.56 16.06 16.28 15.57 16.65 

           
           
           
           

 
 


