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EXECUTIVE SUMMARY

Annual snorkel surveys have been conductedthe West Kettle, Kettle and Granby
rivers for over two decadesCounts have been condigd at various index sites
throughout the basin to assess the health and status of salmonid populations with in
these large riversin recent years, the Kettle and Granby River drainages in ssagh
British Columbia have become the focus of a serieswastigationon water use, water
demand, stream flow,high water temperatures,fish habitat and status of fish
populations. Much of the impetus for these investigationeave been led by
management agencies (Province of BC) wdre concerned about water s 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 corceed to account for snorkel efficiency at index sites and
analyzed to assess trends in fish abundance within the respective systeangime.
While the 2011-2013 counts indicate a slight upward trend since 2010,dmscernable
long term trend in abundancerasevidentbased on model results fahe West Kettle,
Kettle and Granby riversThis is somewhat encouraging despite the fact that there
limited understanding b what factors have contributed to the increasese(
recruitment, harvest, survivalpbundance estimatesince 2000were correctedusing
20120bserver efficiency informatiofmedian=.29 95% CRI 0.28.36). TheWest Kettle
River supportsthe highesttrout densities comparedo the Kettle River and Granby
rivers. However, large catchable raaw trout (> 30 cm) numbers were highest in catch
and release sections of the Kettle and Granby rivers

Georeferenced spatial data also provided an important understanding on habitat use
by life stage of rainbow trout athe various index sites within thKettle Basin.Data
generally supported the notion that larger rainbow trout primarily utilized pool habitat,
considered a limiting factor for adult abundance within the rivdowever, ol habitat

is the least frequent mesbabitat unit available witm the Kettle and Granby rivers,
representingonly between 57% of the total habitat othese systems.

Count dataand monitoring the trends of fish populations tme Kettle and Granby River
drainagesare an important part of thewater use plan initiated bythe provincial
government (MFLNROAs part of this study, further recommendations are made to
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address uncertainty in estimating fish abundance at index sites and over Vithde
annual snorkel surveys include counts from mountain whitefiosopium wiiamson),

the focus of 2013 study was primarily directed at rainbow tr@ihcorhynchus mykiss

As well, recommendations for the future regulation and management are broadly
outlined and rationalizedbased on known factors affecting the ability to conse
populations oftrout while still providing quality recreational opportunities.
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INTRODUCTION

In recent years, the Kettle and GranbyeRidrainages in southast British Columbia have
become the focus of a series of investigatiamswater use, water demandtreamflow, fish
habitat and status of fish populationsluch of the impetus for these investigatiohsave been
led by managementgencies (Province of B@ho are concerred about water use and
demand and how they impact the health tfe fish populations within these drainagedlany
of these concerns elevated the Kettle River drainagehe 2 most endangered river in British
Cdumbia(Outdoor Recreational Council of BC 2009)

Emanating from some of these investigats, the Province of BCis currently developing a
water use plan (WUP) that identifies key issues affecting fish populations on the these systems,
with a goal of implementingvater conservation measureEpp and Andrusak 2012)hs fish
protection planthat is currently being developedspecifiesgovernmentoperational strategies

to protect fish & fish habitat during extreme low flow periods withoutduly compromising
water supply for domestic and agricultural uséfgater conservation measures in the plan are
considered to be criticebr the conservation and restoration of wild trout stocks in tKettle

and Granby River drainagel.is believed tlat a cooperative planning, communication and
strategic water managemenplan may partially alleviate the need to implement regulatory
measures while meeting mulsitakeholder objectives.

Obtaining data on fish and onitoring thetrends of fish populationon the Kettle and Granby
River drainages is an important paftthe WUP process. Since these drainages provide the only
large river fishery within the Okanagd&oundaryregion much of the fish trend monitorintp

date has been focused ostatus ofwild fluvial rainbow trout Oncorhynchus mykissand
mountain whitefish (Prosopium williamsohi However, more recently,speckled dace
(Rhinichthys oscullishave also been assesse(Batty 2010, Andrusak and Andrusak 2011,
Andrusak et al. 2013jince they ardisted under the Species at Risk Act (SARA) as endangered
This work wasdone following recommendations from the Committee on the Status of
Endangered Wildlife in Canada inTAQCOSEWIC 2011)

This report summarizes results of the annual snorkel surveys conducted on the West Kettle
(2000-2012) and Kettle and Granby rive20012012) The focusof the study is directed at
rainbow trout andincludes an assessment of the observer efficiedeyived from snorkel
counts using markrecapture methodsconducted in 2012. Snorkel efficiency data was then
used to obtain estimates of fish abundance aambress uncertainty in fish counts over time.
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Use of the fish count data at index sites was also analyzesdess trends in fish abundance
within the respective system Results include observations on whitefish fra2013, with
previousé S | ifNd@mation on whitefish reported inEpp and Andrusaf012) The report also
provides management recommendations for the entire Kettle River Basin based bn fis
conservation flow measures developedipp and Andrusaf2012)under the MFLNRO as part
of the water use plan for the basin.

Project Objectives:

1. Obtain abundance and density estimates rainbow troutat index sites by site and
yearfor WestKettle, Kettle and Granby riverssing snorkesurveyefficiencies derived
from 2012

2. Obtain distribution of rainbow trout at index sites from observed cauny site and
year for West Kettle, Kettle and Granby rivers

3. Analyze data and assess uncertainty in estimedatetermine trends in fish abundance
over time

4. Provide recommendations to for improving estimates at index sites and addressing
uncertaintyin 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 MFLN&Uishery regulatiors and
management wibin the Kettle Rver Basin.
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BACKGROUND

The Kettle drainage consists of three major 4asins that include the West Kettle River, the
Kettle Riverand the Granby RiveFigurel). Ash assemblage in the Kettle and Granby drainage
detailed in McPhail and Carveth (1992ndicate that twenty seven fish species have been
documented as present with rainbow trout, brook trousdlvelinus fontinal)s whitefish and
brown trout (Salmo truttd being thefavorite target of anglers, withainbow trout and
whitefish by far the most abundanBrimary norgame species include; sculpir@oftus spp,
suckers Catostamus spp and a variety of cyprinidd=&mily Cyprinidge It has been well
documented by McPhail and Carvetli1992) McPhail (2007) and other authors thatthis
watershed supports the only known habitat in the province for the SARs [Bjiedkleddace
as well as one of the few systems that supporpades of concern (chiselmoutgrocheilus
alutaceu$).

Various natural and anthropogenic factors havéely had substantiaimpacts upon the
abundance of rainbow trout and other speci#tsoughout much of the Kettle River Basin. As
with many rivers wiin the Pacific Northwest, linear developments (agriculture, logging and
mining) have had profound effects upon the natural river ecosygteoni et al. 2002)Specific
issues such as poor water and land practices, limited pool habitat;natme species
introduction, recruitment overfishing, low seasonal flows and high summer water
temperaturesappear tohave severely limited trout abundance. As a consequence, fish habitat,
(especially trout habitat) in much of the Kettle River Basin, primarily in the lower reduhes,
been considered to be poor to fair in qualifliver 2001 2002) Furthermore, the ability to
mitigate many of these past disturbances is confoundedsibgpectedincreasing changes in
climate, especially acute in this very arid part of the province. Higher summer temperatures
concurrent with low flows continu¢o impact the Kettle River basin and its fish populations
(Olver 2001, 2002)it is believed thefuture 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 mainstemsrive

Historical practices of riparian logging or land clearing for agriculiaually resultsn losses of
woody accumulations along river banks, adversely affecting the natural morphology of the
channel and its complexityKoski 1992) Moreover, rem@al of riparian functions often
accelerates stream bank erosigMurphy 1995)and such activities can greatly affect natural
geomorphology to the degree that there are significant losses of fish h@Riai et al. 2002)
Under these degraded conditions, habitedstoration is frequentlyrequired to replace lost

3
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large wood and other natural sheltdeatures(Roni et al. 2002)Such impacts can be readily
observed in the Kettle River basionsequently work to restore habitdtas beerundertaken to
provide an increase iover wintering habitat and critical summer low flow pool refudia
rearing juvenile and adult rainbow tro§Slaney et al. 2001, Andrusak 200Bhisrestoration
work was also undertaken on the main river sin¢ebutary recruitment was not a factor
limiting the rainbow trout population in the Kettle and West Kettle rivéganey et al. 2001,
Andrusak 2006)In addition, a study byAndrusak and Andrusak011)in 2010 provided
evidence that the LWD structures, or at least the habitgpecially poolsgreated by these
structures, are highly important fagpeckled dace, especially during the winter montfite
notion that pool habitatmaybe alimiting factor was supported by GIS habitat mapping
conductedin 2012 which confirmed that pool habitat comprised only73% of the total habitat
within the Kettle and Granby rive(éndrusak 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 18@@ate the Kettle River mean annual discharge
(MAD) during the 2002009 periodwere well below the 80 year average. In fact, the upper
Kettle River annual discharge suggekiows were near the 20th percentile range duringdbke
years Exacerbated bylecreased summer flowsiseable wetted habitat diministteand the

data indicatel daily temperatures often exceed 24°C by mieduly Andrusak 200Q These
temperature maxima would be expected to be more pronounced for the lower portion
compared to the midle and upper portions of the Kettle Riv@liver 2001, 2002)While such
temperatures ardikely optimal for cyprinidsprolonged 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. 2068restingly,this
expectation was confirmed by a fish kill (trout and whitefish) on the lopation of the river

near Christina Lake 2003 and2006 where maximum daily temperatures exceeded 26°C (data
on file MFLNRCPenticton, BC). Ahird fish kill was reported in 200@ata on file MFLNRO
Penticton, B

Water extraction,residentialdevelgpment and factors related to climate changaedoubtedly
have had an effect inthe 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 ard Granby riverdhas beenconsidered a high priority by the management agencies.
Consequently, commencing in 201MFLNROmplemented temperature and flow monitoring

as part of a larger basin wide water use plan for developing and defining conservatifioviish

4
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and critical thresholds. Moreover, establishing conservation flows are essential for endangered
speckled dace that inhabit the Kettle River watersh@htty 2010, Andrusak and Andrusak
2011, Andrusak et al. 2012)

Annual snorkel surveys conducted index sites within the basin aan importantcomponent

of the WUP being developed by the Province of(B@drusak 2009, Epp and Andrusak 2012)
tKSaS O2dzyia NSaNBlaEdsity the siafisHf fish sediedn these systems
specifically rainbow trout and whitefisiHowever, many confounding factors (habitat, harvest,
flow, visibility, abundance etc.) make any formal assessment of population tfesrdssnorkel
surveys difficult and uncertain without understanding what proportionof the total are
observable during counts within an index sitén 2012,a better understanding oénorkel
efficiency (detection probability p < 1) frorsurvey counts was obtained to understand
uncertainty associated witlestimates and assessing trends over time. Even then, it may be
difficult to ascertain trends in fish abundance over tirae a result of other confounding
influences on these systems.

STUDY AREA

Kettle River

The Kettle River flows in a northsouth directon between the Okanagan Highlands and the
MonasheeMountain range in southeast British Columbkaglrel). Major tributaries include
the West Kettle River and Granby Rive&iom its origin in théMonashee mountain rang&ettle
River flowssouth ~196 km where itrosesthe U.S. border at Midwaylows in a south and
easterly direction ~ 46 km beforeriéturns to Canada just west of Grand Forfksws east 41

km before crossing the border again near Christina Lake and ultimédelyng ~53 kmbefore
converging with the Columbia River now inundated by Roosevelt LAKashington State. The
Cascade Falls located Kbn upstream of the Washington border near Christina Lake is an
impassable barrier to all fish. The Canadian portibthe watershedextends ~237 km in length
and covers an areaof 8,166 km?, including sukbasins(Environment Canada data on fil@he
upper Kettle River (upstream of Midwayhcluding the West Kettle Rivdras a gross drainage
of 5,355 km? with a mean anual dischargel(TMAD >m 40 n¥s (Environment Canada data on
file). The lower Kettle River (near Grand Forks), including the Granby River, has a gross drainage
of ~2,811 km?with a mean annual discharge IMAD > 80 ni/s (Environment Canada data on
file).
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West Kettle River

The West Kettle River also flows in a nesthuth direction between the Okanagan Highlands
and the Monashee mountain rang&igurel). The West Kettle River flowisl3 km where it
converges with the Kettle Riverear Westbridge, BC. The total watershed area for the West
Kettle River is 18 km? with a mean annual discharge TMAD > 14 m%s (Environment
Canadalata on file)

Granby River

The Granby River flows in a southerly direction from the Monashee Mountzimserging with
the Kettle River at Grand Forks B@yurel). The river is > 125 km in lengthhe Granby River
has a gross drainage of2061 km? with a mean annual discharge TMAD > 30 m’/s
(Environment Canada data on filét the higher elevationsthe river isrelatively smallwith
many cold water stream inputs at higher gradients with substrate dominated by
cobble/boulders. At the lower elevations the river widawith lower gradients (often < 1%)
characterized by slow aving water that is considerably warmer than the headwaters. Much of
the lowland areasire dominated by agricultural activity
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Figurel. Kettle River (lower and upper), West Kettle River and Granby River watersheds
surveyed ir013.
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METHODS
Discharge

Monthly discharge data was available from active Environment Caii@@3hydrometric
stationson the West Kettle (#08NNOOZnd Kettle (BBNN02§ and Granby (#8NNOO2 rivers
near Westbridge BGnd Grand Forksrespectively Table 1; Figure 2). Data provides
information on mean, maximum and minimum discharge @ranby, Kettle and West Kettle
rivers Table 1 also includes additional active hydrometric t®vas in the basin from
Environment Canadand theUS Geological Survey (USGS) Water Resolwg&sSites include

two stations at Ferry, WA (Station 124015008MN@.3) and Laurier, WA (Station 12404500;
#0BNNQ2;, Figure?2). Fery and Laurier are located upstream of the Canada/US border at
Midway and Cascade, BC, respectively.

Additional ®asonal daily temperature and discharge information on the West Kettle, Kettle and
Granby rivers has also been collected by MiELNRGince 209 (igure2), detailed inEpp and
Andrusak(2012) A total of 7 transect stations monitor temperature and dischairgermation

since 2009Figure?). 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 Petdn BC, pers comm.).

Tablel. Kettle River Watershedctive hydrometricstations (Environment Canadahd USGS
stations

River Station ID Length/Duration of Record

West Kettle River at Westbridge (EC) 08NNO003 | 19141921, 19752013
West Kettle River near McCulloch (EC) | 08NNO15 | 19491957, 19642011

Kettle River near Westbridge (EC) 08NNO026 | 19752013
Kettle River near Ferry (USGS) 08NNO013 | 19282013
Kettle River near Laurier (USGS) 08NNO012 | 19292013
Granby River at Grand Forks YEC O8NNO002 | 18141915, 19261931, 19662013

Trapping Creek near the Mouth (EC) O08NNO019 | 19652011
Lost Horse Creek near Christian Valley ( 0BNN028 | 1998- 2011
Burrell Creek above Gloucester (EC) 08NNO023 | 1973-2011
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Figure2. Flow monitoring stations from Ministry of Environmant2012(MOE), Water Survey
of Canada (WSC) and United States Geological Survey (USGS) and surveyed river
sections within the Kettle River Basin in 3201
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