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EXECUTIVE SUMMARY 

Annual snorkel surveys have been conducted on the West Kettle, Kettle and Granby 

rivers for over two decades. Counts have been conducted at various index sites 

throughout the basin to assess the health and status of salmonid populations with in 

these large rivers. In recent years, the Kettle and Granby River drainages in south-east 

British Columbia have become the focus of a series of investigations on water use, water 

demand, stream flow, high water temperatures, fish habitat and status of fish 

populations. Much of the impetus for these investigations have been led by 

management agencies (Province of BC) who are concerned about water use and 

demand and how they impact the health of the fish populations within these drainages. 

Annual fish counts provide some insight into the status of fish populations and the 

ability to assess factors that are affecting them. 

Annual fish counts were corrected to account for snorkel efficiency at index sites and 

analyzed to assess trends in fish abundance within the respective systems over time. 

While the 2011-2013 counts indicate a slight upward trend since 2010, no discernable 

long term trend in abundance was evident based on model results for the West Kettle, 

Kettle and Granby rivers. This is somewhat encouraging despite the fact that there is 

limited understanding of what factors have contributed to the increases (i.e. 

recruitment, harvest, survival). Abundance estimates since 2000 were corrected using 

2012 observer efficiency information (median=0.29, 95% CRI 0.24-0.36). The West Kettle 

River supports the highest trout densities compared to the Kettle River and Granby 

rivers. However, large catchable rainbow trout (> 30 cm) numbers were highest in catch 

and release sections of the Kettle and Granby rivers.  

Geo-referenced spatial data also provided an important understanding on habitat use 

by life stage of rainbow trout at the various index sites within the Kettle Basin.  Data 

generally supported the notion that larger rainbow trout primarily utilized pool habitat, 

considered a limiting factor for adult abundance within the river. However, pool habitat 

is the least frequent meso-habitat unit available within the Kettle and Granby rivers, 

representing only between 5-7% of the total habitat on these systems. 

Count data and monitoring the trends of fish populations on the Kettle and Granby River 

drainages are an important part of the water use plan initiated by the provincial 

government (MFLNRO). As part of this study, further recommendations are made to 
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address uncertainty in estimating fish abundance at index sites and over time. While 

annual snorkel surveys include counts from mountain whitefish (Prosopium williamsoni), 

the focus of 2013 study was primarily directed at rainbow trout (Oncorhynchus mykiss). 

As well, recommendations for the future regulation and management are broadly 

outlined and rationalized based on known factors affecting the ability to conserve 

populations of trout while still providing quality recreational opportunities.  
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INTRODUCTION 

In recent years, the Kettle and Granby River drainages in south-east British Columbia have 

become the focus of a series of investigations on water use, water demand, stream flow, fish 

habitat and status of fish populations. Much of the impetus for these investigations have been 

led by management agencies (Province of BC) who are  concerned about water use and 

demand and how they impact the health of the fish populations within these drainages.  Many 

of these concerns elevated the Kettle River drainage as the 2nd most endangered river in British 

Columbia (Outdoor Recreational Council of BC 2009). 

Emanating from some of these investigations, the Province of BC is currently developing a 

water use plan (WUP) that identifies key issues affecting fish populations on the these systems, 

with a goal of implementing water conservation measures (Epp and Andrusak 2012). This fish 

protection plan that is currently being developed specifies government operational strategies 

to protect fish & fish habitat during extreme low flow periods without unduly compromising 

water supply for domestic and agricultural users. Water conservation measures in the plan are 

considered to be critical for the conservation and restoration of wild trout stocks in the Kettle 

and Granby River drainages. It is believed that a cooperative planning, communication and 

strategic water management plan may partially alleviate the need to implement regulatory 

measures while meeting multi-stakeholder objectives. 

Obtaining data on fish and monitoring the trends of fish populations on the Kettle and Granby 

River drainages is an important part of the WUP process. Since these drainages provide the only 

large river fishery within the Okanagan-Boundary region, much of the fish trend monitoring to 

date has been focused on status of wild fluvial rainbow trout (Oncorhynchus mykiss) and 

mountain whitefish (Prosopium williamsoni). However, more recently, speckled dace 

(Rhinichthys osculus) have also been assessed (Batty 2010, Andrusak and Andrusak 2011, 

Andrusak et al. 2012) since they are listed under the Species at Risk Act (SARA) as endangered. 

This work was done following recommendations from the Committee on the Status of 

Endangered Wildlife in Canada in 2011 (COSEWIC 2011).  

This report summarizes results of the annual snorkel surveys conducted on the West Kettle 

(2000-2012) and Kettle and Granby rivers (2001-2012). The focus of the study is directed at 

rainbow trout and includes an assessment of the observer efficiency derived from snorkel 

counts using mark-recapture methods conducted in 2012. Snorkel efficiency data was then 

used to obtain estimates of fish abundance and address uncertainty in fish counts over time. 
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Use of the fish count data at index sites was also analyzed to assess trends in fish abundance 

within the respective systems. Results include observations on whitefish from 2013, with 

previous ȅŜŀǊΩǎ information on whitefish reported in Epp and Andrusak (2012). The report also 

provides management recommendations for the entire Kettle River Basin based on fish 

conservation flow measures developed in Epp and Andrusak (2012) under the MFLNRO as part 

of the water use plan for the basin. 

Project Objectives:  

1. Obtain abundance and density estimates for rainbow trout at index sites by site and 

year for West Kettle, Kettle and Granby rivers using snorkel survey efficiencies derived 

from 2012. 

2. Obtain distribution of rainbow trout at index sites  from observed counts by site and 

year for West Kettle, Kettle and Granby rivers. 

3. Analyze data and assess uncertainty in estimates to determine trends in fish abundance 

over time. 

4. Provide recommendations to for improving estimates at index sites and addressing 

uncertainty in count data. 

5. Provide recommendations in relation to MFLNRO water use planning initiatives for 

determining thresholds for fish conservation flows within the Kettle Basin. 

6. Provide recommendations in relation to MFLNRO on fishery regulations and 

management within the Kettle River Basin. 
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BACKGROUND 

The Kettle drainage consists of three major sub-basins that include the West Kettle River, the 

Kettle River and the Granby River (Figure 1). Fish assemblage in the Kettle and Granby drainage, 

detailed in McPhail and Carveth (1992), indicate that twenty seven fish species have been 

documented as present with rainbow trout, brook trout (Salvelinus fontinalis), whitefish and 

brown trout (Salmo trutta) being the favorite target of anglers, with rainbow trout and 

whitefish by far the most abundant. Primary non-game species include; sculpins (Cottus spp.), 

suckers (Catostamus spp.) and a variety of cyprinids (Family Cyprinidae). It has been well 

documented by  McPhail and Carveth (1992),  McPhail (2007) and other authors that this 

watershed  supports the only known habitat in the province for the SARs listed Speckled dace 

as well as one of the few systems that support a species of concern (chiselmouth [Acrocheilus 

alutaceus]).  

Various natural and anthropogenic factors have likely had substantial impacts upon the 

abundance of rainbow trout and other species throughout much of the Kettle River Basin. As 

with many rivers within the Pacific Northwest, linear developments (agriculture, logging and 

mining) have had profound effects upon the natural river ecosystem (Roni et al. 2002). Specific 

issues such as poor water and land practices, limited pool habitat, non-native species 

introduction, recruitment over-fishing, low seasonal flows and high summer water 

temperatures appear to have severely limited trout abundance. As a consequence, fish habitat, 

(especially trout habitat) in much of the Kettle River Basin, primarily in the lower reaches, has 

been considered to be poor to fair in quality (Oliver 2001, 2002). Furthermore, the ability to 

mitigate many of these past disturbances is confounded by suspected increasing changes in 

climate, especially acute in this very arid part of the province. Higher summer temperatures 

concurrent with low flows continue to impact the Kettle River basin and its fish populations 

(Oliver 2001, 2002). It is believed the future status of viable trout populations as well as other 

lesser known fishes within the Kettle River system will rely on mitigating impacts of low 

seasonal flows and high seasonal temperatures within the mainstem rivers.  

Historical practices of riparian logging or land clearing for agriculture usually results in losses of 

woody accumulations along river banks, adversely affecting the natural morphology of the 

channel and its complexity (Koski 1992). Moreover, removal of riparian functions often 

accelerates stream bank erosion (Murphy 1995) and such activities can greatly affect natural 

geomorphology to the degree that there are significant losses of fish habitat(Roni et al. 2002). 

Under these degraded conditions, habitat restoration is frequently required to replace lost 
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large wood and other natural shelter features (Roni et al. 2002). Such impacts can be readily 

observed in the Kettle River basin consequently work to restore habitat has been undertaken to 

provide an increase in over wintering habitat and critical summer low flow pool refugia for 

rearing juvenile and adult rainbow trout (Slaney et al. 2001, Andrusak 2009). This restoration 

work was also undertaken on the main river since tributary recruitment was not a factor 

limiting the rainbow trout population in the Kettle and West Kettle rivers (Slaney et al. 2001, 

Andrusak 2006). In addition, a study by Andrusak and Andrusak (2011) in 2010 provided 

evidence that the LWD structures, or at least the habitat, especially pools, created by these 

structures, are highly important for speckled dace, especially during the winter months. The 

notion that pool habitat maybe a limiting factor was supported by GIS habitat mapping 

conducted in 2012, which confirmed that pool habitat comprised only 5-7 % of the total habitat 

within the Kettle and Granby rivers (Andrusak et al. 2012). 

During the latter part of the 2000s streams in the Kettle River Basin experienced a series of 

extreme low flows and high summer water temperatures. Flow data, collected by the United 

States Geological Survey (USGS) since 1929, indicate the Kettle River mean annual discharge 

(MAD) during the 2007-2009 period were well below the 80 year average.  In fact, the upper 

Kettle River annual discharge suggested flows were near the 20th percentile range during these 

years. Exacerbated by decreased summer flows, useable wetted habitat diminished and the 

data indicated daily temperatures often exceeded 24°C by mid-July (Andrusak 2009). These 

temperature maxima would be expected to be more pronounced for the lower portion 

compared to the middle and upper portions of the Kettle River (Oliver 2001, 2002). While such 

temperatures are likely optimal for cyprinids, prolonged exposure to these high temperatures 

will have a cumulative negative effect on trout resulting in higher mortality and reduced 

abundance (McCullough 1999, Selong et al. 2001, Dunham et al. 2003). Interestingly, this 

expectation was confirmed by a fish kill (trout and whitefish) on the lower portion of the river 

near Christina Lake in 2003 and 2006 where maximum daily temperatures exceeded 26°C (data 

on file MFLNRO Penticton, BC). A third fish kill was reported in 2009 (data on file MFLNRO 

Penticton, BC). 

Water extraction, residential development and factors related to climate change undoubtedly 

have had an effect in the Kettle River watershed, imperilling the aquatic habitat and species 

that rely on the river for their existence. Defining conservation fish flows on the West Kettle, 

Kettle and Granby rivers has been considered a high priority by the management agencies. 

Consequently, commencing in 2010, MFLNRO implemented temperature and flow monitoring 

as part of a larger basin wide water use plan for developing and defining conservation fish flows 
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and critical thresholds. Moreover, establishing conservation flows are essential for endangered 

speckled dace that inhabit the Kettle River watershed (Batty 2010, Andrusak and Andrusak 

2011, Andrusak et al. 2012).  

Annual snorkel surveys conducted at index sites within the basin are an important component 

of the WUP being developed by the Province of BC (Andrusak 2009, Epp and Andrusak 2012). 

¢ƘŜǎŜ Ŏƻǳƴǘǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ άōŜǎǘέ data related to the status of fish species on these systems, 

specifically rainbow trout and whitefish. However, many confounding factors (habitat, harvest, 

flow, visibility, abundance etc.) make any formal assessment of population trends from snorkel 

surveys difficult and uncertain without understanding what proportion of the total are 

observable during counts within an index site.  In 2012, a better understanding of snorkel 

efficiency (detection probability p < 1) from survey counts was obtained to understand 

uncertainty associated with estimates and assessing trends over time.  Even then, it may be 

difficult to ascertain trends in fish abundance over time as a result of other confounding 

influences on these systems. 

STUDY AREA 

Kettle River  

The Kettle River flows in a north - south direction between the Okanagan Highlands and the 

Monashee Mountain range in southeast British Columbia (Figure 1). Major tributaries include 

the West Kettle River and Granby River. From its origin in the Monashee mountain range, Kettle 

River flows south ~196 km where it crosses the U.S. border at Midway, flows in a south and 

easterly direction ~ 46 km before it returns to Canada just west of Grand Forks, flows east 41 

km before crossing the border again near Christina Lake and ultimately flowing ~53 km before 

converging with the Columbia River now inundated by Roosevelt Lake in Washington State. The 

Cascade Falls located 5 km upstream of the Washington border near Christina Lake is an 

impassable barrier to all fish. The Canadian portion of the watershed extends ~237 km in length 

and covers an area of 8,166 km2, including sub-basins (Environment Canada data on file). The 

upper Kettle River (upstream of Midway), including the West Kettle River, has a gross drainage 

of 5,355 km2 with a mean annual discharge (LTMAD) >m 40 m3/s (Environment Canada data on 

file). The lower Kettle River (near Grand Forks), including the Granby River, has a gross drainage 

of ~2,811 km2 with a mean annual discharge (LTMAD) > 80 m3/s (Environment Canada data on 

file). 
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West Kettle River 

The West Kettle River also flows in a north-south direction between the Okanagan Highlands 

and the Monashee mountain range (Figure 1). The West Kettle River flows 113 km where it 

converges with the Kettle River near Westbridge, BC. The total watershed area for the West 

Kettle River is 1,898 km2 with a mean annual discharge (LTMAD) > 14 m3/s (Environment 

Canada data on file). 

Granby River 

The Granby River flows in a southerly direction from the Monashee Mountains, converging with 

the Kettle River at Grand Forks BC (Figure 1). The river is > 125 km in length. The Granby River 

has a gross drainage of ~2,061 km2 with a mean annual discharge (LTMAD) > 30 m3/s 

(Environment Canada data on file). At the higher elevations, the river is relatively small with 

many cold water stream inputs at higher gradients with substrate dominated by 

cobble/boulders. At the lower elevations the river widens with lower gradients (often < 1%) 

characterized by slow moving water that is considerably warmer than the headwaters.  Much of 

the lowland areas are dominated by agricultural activity. 
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Figure 1.  Kettle River (lower and upper), West Kettle River and Granby River watersheds 

surveyed in 2013. 
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METHODS 

Discharge 

Monthly discharge data was available from active Environment Canada (EC) hydrometric 

stations on the West Kettle (#08NN003) and Kettle (#08NN026) and Granby (#08NN002) rivers 

near Westbridge BC and Grand Forks, respectively (Table 1; Figure 2).  Data provides 

information on mean, maximum and minimum discharge on Granby, Kettle and West Kettle 

rivers. Table 1 also includes additional active hydrometric stations in the basin from 

Environment Canada and the US Geological Survey (USGS) Water Resources. USGS sites include 

two stations at Ferry, WA (Station 12401500; #08NN013) and Laurier, WA (Station 12404500; 

#08NN012; Figure 2). Ferry and Laurier are located upstream of the Canada/US border at 

Midway and Cascade, BC, respectively.  

Additional seasonal daily temperature and discharge information on the West Kettle, Kettle and 

Granby rivers has also been collected by the MFLNRO since 2009 (Figure 2), detailed in Epp and 

Andrusak (2012). A total of 7 transect stations monitor temperature and discharge information 

since 2009 (Figure 2). This monitoring was part of the water use plan for the Kettle River basin 

and will be utilized in establishing conservation flows for fish on these systems (Tara White, 

Senior Biologist, MFLNRO Penticton BC, pers comm.). 

Table 1.  Kettle River Watershed active hydrometric stations (Environment Canada) and USGS 

stations 

River Station ID Length/Duration of Record 

West Kettle River at Westbridge (EC) 08NN003 1914-1921, 1975-2013 

West Kettle River near McCulloch (EC) 08NN015 1949-1957, 1964-2011 

Kettle River near Westbridge (EC) 08NN026 1975-2013 

Kettle River near Ferry (USGS) 08NN013 1928-2013 

Kettle River near  Laurier (USGS) 08NN012 1929-2013 

Granby River at Grand Forks (EC) 08NN002 1814-1915, 1926-1931, 1966-2013 

Trapping Creek near the Mouth (EC) 08NN019 1965-2011 

Lost Horse Creek near Christian Valley (EC) 08NN028 1998 - 2011 

Burrell Creek above Gloucester (EC) 08NN023 1973 - 2011 
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Figure 2.  Flow monitoring stations from Ministry of Environment in 2012 (MOE), Water Survey 

of Canada (WSC) and United States Geological Survey (USGS) and surveyed river 

sections within the Kettle River Basin in 2013. 










































































