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Introduction

Eutsuk Lake (surface area = 24,500 ha) is located near the headwaters of the Nechako
River, on the eastern margin of the British Columbia Coast Mountain ranges within North
Tweedsmuir Provincial Park.  The lake supports rainbow trout which grow as large as 6.5 kg.
These fish are the basis of a quality recreational fishery during the summer months.

"Trophy" rainbow trout in Eutsuk Lake are pelagic predators which grow large by
consuming kokanee prey.  The size of these piscivorous rainbow trout allows them to forage
widely in search of suitable food.  They attack aggressively, from long reactive distances, to
capture relatively large fish prey which are capable of escape and these components of their
feeding behavior increase their vulnerability to angling.

Individuals of this form of rainbow trout typically attain body sizes which make them
harvestable by angling at age 3 years.  However, reproductive maturity may not occur until
age 5 years or later.  Their angling catchability, and one or more years of vulnerability to
harvest before first reproduction, make this type of trout particularly prone to decline due to
sport fishing.

Eutsuk Lake is the largest lake in British Columbia not presently road accessible, but
is subject each year to angling pressure from camping visitors who reach the lake by
motorized boat through the adjacent Nechako Reservoir.  Guided and unguided angling
clients of two fishing lodges located on Eutsuk Lake arrive by air or by boat, and constitute a
substantial additional component of angling exploitation.

The rarity of pelagic piscivorous rainbow trout populations within the province, and
their vulnerability to angling impacts, require that BC Parks develop an appropriate
framework for management of the Eutsuk Lake sport fishery.  Management objectives
include maintaining the characteristics of abundance and population length structure of
Eutsuk Lake rainbow trout, and the quality recreational experience of angling for these large
fish.

To continue the process of development of a management framework for Eutsuk
Lake, the terms of reference of Ministry Contract No. CGA1215 mandated completion of the
following items:

1. Compile and summarize information, including methodology and costs including
personnel time, for population assessment of pelagic piscivorous rainbow trout stocks in
other large British Columbia lakes which support this ecotype.  The information will be
suited to the design of a fish population assessment study for Eutsuk Lake's pelagic
piscivorous rainbow trout should it be warranted by management circumstances and
available resources, and will include but not be limited to:

(a) identifying spawning and rearing habitat used by pelagic piscivorous rainbow
trout,

(b) enumerating pelagic piscivorous rainbow trout spawners,

(c) indexing the abundance of pelagic piscivorous rainbow trout adults and younger
life stages.
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2. Compile and summarize results of angling use studies on other British Columbia lakes
which support sport fisheries for pelagic piscivorous rainbow trout.  Such information
will comprise methods and results, including angling effort, catch and harvest rates and
will provide context for the results of the angling use study to be completed on Eutsuk
Lake in 2003.  Based on existing information and understanding of Eutsuk Lake fishery
management issues, design a statistically defensible angling use study for Eutsuk Lake
for summer 2003.  The design should be implementable under current park facility
operating procedures without additional personnel requirements, based on consultation
with staff, contractors and commercial operators.  Identify all appropriate study
components, including

(a) questionnaire design,

(b) sampling frequency and structure,

(c) cost estimate for compilation, analysis and reporting of study results.

3. Research, and provide recommendations on, realistic funding sources which would
support all components of a fish population assessment study in North Tweedsmuir Park.
This will include discussions with commercial operators in North Tweedsmuir Park to
solicit their ideas about partnership and material participation in fish population
assessment.

4. Identify fishery and fish population monitoring strategies which can be effectively
implemented in North Tweedsmuir Park with current available resources, and contrast
these with strategies which might be developed should resources allow additional
assessment methods to be applied.

This document comprises materials prepared to meet the contract terms of reference.
It is composed of four main sections: biology and population assessment of pelagic
piscivorous rainbow trout, angling use studies of pelagic piscivorous rainbow trout, future
funding of Eutsuk Lake fish population assessment, and fishery and fish population
monitoring under fiscal constraints.

1.1. Information Sources

Information used to prepare this report comprised technical reports, conversation with
Ministry of Water, Lands and Air Protection (MWLAP) biologists and technicians, and
unpublished data on file in MWLAP offices.  In order to gain access to regional materials,
the report author or a subcontracted biologist visited MWLAP offices of the Kootenay,
Thompson, Okanagan and Cariboo regions.  Two days were available for each regional visit
and for photo-reproduction of relevant materials.  Files were extensive in some cases, and not
all material was available in some regions due to use by other biologists including
consultants off-site.  Thus, although a higher proportion of relevant material was accessible
than for previous reports on the topic, this document cannot be considered comprehensive.
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2. Biology and Assessment of Pelagic Piscivorous Rainbow Trout

2.1. Rainbow Trout Production Characteristics

Fish population management is most likely to succeed when the condition of the
production environment, population life history, population abundance, and fishery
characteristics are all known.  For that reason, and because the historical and current
abundance of pelagic piscivorous rainbow trout in Eutsuk Lake is unknown, central questions
addressed by De Gisi (2002) were:

1. what is the fish production environment of Eutsuk Lake,

2. what are the life-history characteristics of Eutsuk Lake piscivorous rainbow trout,
and

3. how do the production environment and life history compare to other occurrences
of this ecotype.

Kokanee growth and production is an important determinant of pelagic piscivorous
rainbow trout production.  In turn, kokanee growth appears to be strongly influenced by
nutrient supply and its effects on lake primary productivity.  Finally, the life history of
piscivorous rainbow trout is believed to be a major factor in population vulnerability to
overexploitation, because individuals become catchable in recreational fisheries one to
several years earlier than the onset of reproductive maturity.  In the absence of population
abundance data, comparison of Eutsuk Lake physiochemistry, kokanee population
parameters and rainbow trout life history to other known occurrences of this ecotype were a
starting point for assessing whether management of the fishery should conservatively assume
similar potential vulnerability to overexploitation.

An overview of available information about physical and chemical characteristics of
lakes which support this ecotype, as well as the life history of indigenous populations of
pelagic piscivorous rainbow trout of known lake populations, was presented in De Gisi
(2002).  Material presented in this section represents primarily an update of that report, using
additional data gathered in the interim.  Information about the availability of kokanee growth
and population abundance data, not presented in De Gisi (2002), is also included in this
section.

2.2. Lake Physiochemistry Related to Fish Production

Table 1 presents physical and water chemistry characteristics of lakes known to
support native indigenous populations of pelagic piscivorous rainbow trout.  The selected
parameters are those most closely related to the fish production environment.  This table
represents an update of Table 5 of De Gisi (2002).  Considerable additional data were
available for Arrow Reservoir, reported in Pieters et al. (1999) and Peters et al. (2000).
Similarly, technical reports arising from the experimental fertilization of Kootenay Lake
contained a large quantity of physiochemical data for that lake both pre-fertilization and
during the experiment (Ashley et al. 1996; Ashley et al. 1997; Wright et al. 2001; Wright et
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al. 2002).  Finally, Okanagan Lake's limnology has also been studied intensively during the
last decade and additional physiochemical data were acquired from technical reports arising
from the Okanagan Lake Action Plan (Ashley et al. 1999; Ashley et al. 1999; Andrusak et al.
2001; Andrusak et al. 2002).

For large lakes which support pelagic piscivorous rainbow trout, particularly those
mentioned in the previous paragraph, physiochemical data gathered and recorded during the
last decade demonstrate that significant spatial variation in water chemistry is characteristic
of these basins.  As a result, the data presented in Table 1 must be considered a highly
simplified overview.

Notwithstanding those and other limitations of the data, additional information
supports the contention of De Gisi (2002) that Eutsuk Lake is among the most nutrient-poor
of the basins supporting the ecotype.  Chlorophyll-a concentration for Eutsuk Lake is also
very low and water clarity is high, suggestive of ultra-oligotrophic status and very low
primary and zooplankton productivity.

2.3. Kokanee Production

The presence of abundant kokanee prey is believed to be a dominant factor in the
adoption of pelagic piscivory by lake-dwelling rainbow trout populations (De Gisi 2002).
Kokanee growth and production is an important determinant of pelagic piscivorous rainbow
trout growth and abundance.  Kokanee growth in turn appears to be strongly influenced by
lake productivity as indexed by water clarity (Korman et al. 1993), implying that nutrient-
poor lakes such as Eutsuk may produce less kokanee biomass per unit of lake surface area.

The biological bases for the production of kokanee and their predators, including
pelagic piscivorous rainbow trout, are discussed in greater detail by Walters et al. (1991),
Korman et al. (1993), and Parkinson and Korman (1994).  In particular, Korman et al. (1993)
describes a set of quantitative relationships used to develop a computer simulation model of
kokanee and predator dynamics.  For kokanee, the quantity of available spawning habitat, the
zooplankton productivity of the lake as related to nutrient supply, and the mortality rates
deriving from predation are all of primary importance.

Two methods are most often used to assess kokanee abundance: hydroacoustic
surveys (sonar), and spawner counts.  Hydroacoustics offer the advantage of estimation of
abundance of the entire lake-dwelling population of kokanee rather than just spawners.
Trawl netting is usually conducted concurrently with hydroacoustic transects, to verify the
species composition of the acoustic targets as well as the age composition of the kokanee
population.  One disadvantage of hydroacoustic assessment is the expense of the equipment,
and the expertise needed to operate it and interpret the results.  Alternatively, spawner
enumeration does not provide a total population estimate, but can be accomplished with less
technical expertise and equipment.  In many lakes, shore spawners are present and can be
counted from boats if the areas and dates of use are known.  Stream spawners can be
enumerated by in-channel counts, or by weirs or similar methods.  An advantage of spawner
enumeration is that it allows monitoring of the contribution of different stocks of kokanee in
a single lake, which cannot be accomplished hydroacoustically.
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The availability of kokanee life history and population abundance data for lakes
known to support pelagic piscivorous rainbow trout is summarised in Table 2.  Arrow
Reservoir, Kootenay Lake, Okanagan Lake and Quesnel Lake kokanee stocks have been
studied intensively for several years to several decades, mainly because population declines
threaten the kokanee fisheries in these lakes as well as endangering the predator fish (trout
and char) which feed upon them.

The majority of pelagic piscivorous rainbow trout lakes have received no kokanee
abundance assessment; this includes Eutsuk Lake.  Although kokanee scales were collected
from gillnetted individuals during an inventory of the Eutsuk Lake in 1982, the age data were
never returned to Skeena Region and the samples may never have been analysed; their
current location is unknown.

2.4. Pelagic Piscivorous Rainbow Trout Life History

Life history characteristics of North American indigenous populations of the pelagic
piscivorous rainbow trout ecotype are given in Table 3, which represents an update of Table
2 of De Gisi (2002).  Additional data were available for Bonaparte Lake (Atagi 1993;
Murdoch and Watts 1994), Okanagan Lake (Anonymous 2003) and Quesnel Lake (Dolighan
1990).  In concordance with De Gisi (2002), common elements of life history for this ecotype
include reproductive maturity at age 5 to 7 yr or later, and weight at maturity in excess of 1.5
to 2 kg and occasionally much greater (Table 3).  Maximum age is typically 9 to 10 years or
older.  Estimated annual spawning escapements for populations of the ecotype in other lakes
range from 70 to 1200, though there are no estimates available for many smaller lakes which
might have annual escapements less than 70 fish.  In most cases, these spawning numbers
comprise escapements after several years' exposure to recreational fisheries in the lakes.

Table 4 provides length at age for selected piscivorous and non-piscivorous rainbow
trout populations; this is an update of Table 3 of De Gisi (2002).  Additional data were
available for Kootenay Lake spawners (Hagen unpublished), Okanagan Lake (Anonymous
2003), Shuswap Lake (Bison 1991), Quesnel Lake Dolighan 1990), Kamloops Lake
(McGregor 1993), Mabel Lake (Jantz 1986) and Bonaparte Lake (Atagi 1993; Murdoch and
Watts 1994).

Figure 1 and Figure 2 graphically display selected lengths at age from Table 4.  Lakes
with surface area greater than Eutsuk are shown in Figure 1.  Average length at age of
pelagic piscivorous rainbow trout sampled in Eutsuk Lake is less than most lakes which are
larger in surface area than Eutsuk, with the exception of the Babine Lake (Sutherland River)
population which appears to show relatively similar growth.  Eutsuk Lake length at age also
appears similar to or less than three lakes of lower surface area (Bonaparte, Mabel and
Kamloops).  In fact, Eutsuk Lake length at age appears greater than for only two other
pelagic piscivorous rainbow trout lakes for which data are available: Crescent, and Khtada.
It is noteworthy that the latter two lakes are much also extremely nutrient-poor.  However, it
must be emphasised that age samples were interpreted by a large number of different persons
(typically a different reader for each lake), samples were collected at different times of the
year and by different methods, and sample sizes are generally not large, so comparisons
between lakes are tentative at best.
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2.5. Reproductive Habitat

Rainbow trout typically rely on flowing water (fluvial habitat) for reproduction.
Spawning usually occurs in rivers and streams, in the spring or early summer.  The young of
populations which grow to maturity in lakes spend a varying amount of time in fluvial
habitats before migrating to the lake.  Some evidence suggests that the young of pelagic
piscivorous populations generally rear for one or more years in fluvial habitat before taking
up lake residency, perhaps to avoid predation.

The location or locations of stream habitat used for spawning and rearing by pelagic
piscivorous rainbow trout of Eutsuk Lake are not currently known (De Gisi 2002).  There are
three main reasons that having such information is generally desirable, as is elaborated in
later sections of this document:

1. management of impacts to the reproductive habitat, and to fish using it, could be
necessary;

2. stock assessment and monitoring activities may be conducted in that habitat;

3. essential management information about the number of pelagic piscivorous stocks,
and the relative importance of each, might be gained.

The lack of field-based information about Eutsuk Lake pelagic piscivorous rainbow
trout spawning and rearing sites, and the desirability of locating this habitat, suggests two
questions :

1. What are typical physical characteristics of pelagic piscivorous rainbow trout
reproductive habitats?

2. What methods can be used to locate pelagic piscivorous rainbow trout reproductive
habitats?

These questions may be answered in part by knowledge of and experiences with lake
populations of this type elsewhere.  In turn, the answers may suggest whether it is feasible to
begin to seek this type of information for Eutsuk Lake, and if so, how and where to begin.

With those questions in mind, spawning and rearing habitat locations for pelagic
piscivorous rainbow trout in other watersheds are described and discussed in the following
paragraphs of section 2.5.1.1.  Particular emphasis is given to the methods used to locate
these reaches.  The subsequent section 2.5.1.2 discusses the physical characteristics of the
channels, as determined by map-based methods and available discharge data, and compares
these to channels and information for the Eutsuk Lake watershed.

2.5.1.1. Reproduction Locations

2.5.1.1.1. Arrow Lakes

Considerable uncertainty exists about spawning locations for pelagic piscivorous
rainbow trout in the Arrow Lakes system, both pre-impoundment and present (Sebastian et
al. 2000).  Camp Creek (tributary to the Canoe River), Tonkawatla Creek downstream of a
barrier falls which lies 5 km upstream of the reservoir (Golder Associates 1998), and the
mainstem Columbia River between the upper and lower lakes have all been mentioned as
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possible spawning locations prior to construction of the reservoirs on the Columbia River,
but firm evidence was not obtained prior to the creation of upstream impoundments (Mica
Dam in 1973 and Revelstoke Dam in 1984).  In the early 1990s, a small number of presumed
yellowfin rainbow trout spawners were enumerated at a fence installed on Tonkawatla Creek
(Triton Environmental Consultants 1994; Coast River Environmental Services 1995).  Large
rainbow trout have been captured in the spring at the base of the Revelstoke and Mica dams
(Sebastian et al. 2000) which might have represented spawning in the mainstem channel or
migration attempts blocked by the dams.  The yellowfin stocks are presently depressed in
number for reasons which are not entirely clear, and it may never be known which channels
were important for yellowfin reproduction when the Arrow Lakes system was unimpounded.

2.5.1.1.2. Babine Lake

Babine Lake pelagic piscivore spawning locations were determined by radio tagging
individuals netted off the mouth of the Sutherland River in early spring of 1989 (David
Bustard and Associates 1990).  The Sutherland River and tributaries were previously known
to be an important system for rainbow trout reproduction, based on the annual occurrence of
an aboriginal net fishery at the mouth of the river in the spring.  Tributary surveys in 1988
also established the dominant contribution of the Sutherland system to rainbow trout juvenile
production in the Babine Lake watershed (David Bustard and Associates 1989).

The Sutherland River channel meanders tortuously for the majority of its length
downstream of the Duncan Creek confluence, so the estimated length of channel available for
rearing is highly dependent on the map scale.  This could explain why the BC Watershed
Atlas (1:50,000) channel lengths used in this document (Table 6) disagree substantially with
Bustard and Associates (1989); the latter document may have used 1:250,000 scale mapping.

2.5.1.1.3. Kootenay Lake

The Gerrard rainbow trout stock of Kootenay Lake have been known for decades to
spawn in a very constrained section of the Lardeau River downstream of Trout Lake
(Cartwright 1961).  Large trout were visually observed on redds in that location early in the
20th century and were initially believed to have originated in Trout Lake upstream.
However, construction of a fish fence at the immediate outlet of Trout Lake revealed that
spawners which accumulated downstream had not migrated there from Trout Lake, leaving
Kootenay Lake as the obvious origin (Cartwright 1961).  Spawners are enumerated at that
location by visual counts from streamside towers daily during each year's spawning season.

2.5.1.1.4. Okanagan Lake

The use of Mission Creek for reproduction by large rainbow trout of Okanagan Lake
origin has likely also been known for nearly a century, due to early roading in the watershed
and good access from the city of Kelowna.  For several years in the 1970s, a trap was
operated at the Smith-Alphonse Dam fishway on Mission Creek to enumerate migrating
rainbow trout spawners (Wightman 1975; Gale 1979).  Although allowing an assessment of
escapement and collection of biological samples, the fish trap could not clarify which portion
of the upstream watershed was used for spawning.  Reports of reproduction by Okanagan
Lake pelagic piscivores in the Gallaghers Canyon section of Mission Creek appear to be
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based on visual observation (as implied in Matthews 1983) and fry relative abundance
(Wightman and Sebastian 1979), but use of the Mission Creek channel in several reaches
downstream of the canyon is also possible based on late-summer fry distribution and
abundance (Wightman and Sebastian 1979).  A temporary upstream migration trap erected
on Hydraulic Creek just 15 m upstream of its confluence with Mission Creek captured a
number of spawners in May 1983 (Matthews 1983); it is assumed that these fish were
entering Hydraulic Creek to spawn and not simply making exploratory movements from
mainstem Mission Creek.  Specific spawning locations within Hydraulic Creek are not
known.

2.5.1.1.5. Shuswap Lake

Shuswap Lake rainbow trout were seined at the mouth of Scotch Creek and radio
tagged to determine their spawning distribution in that system (Galesloot 1995).  The range
of locations of spawning by Shuswap Lake pelagic piscivores in the Eagle River watershed
have not been firmly established, though concentrations of spawners have been seen in the
section upstream of the Perry River (Bison 2003), as well as in the vicinity of Kay Falls and
the Crazy Creek confluence (Sebastian 1988).  Relative abundance of fry (Sebastian 1988;
Bison 1991) suggests rainbow trout reproduction is most prevalent upstream of Perry River
and downstream of Three Valley Lake.  A fence operated on the Eagle River near the mouth
of Crazy Creek captured many (100s) large-bodied spawners moving upstream past that
point.  The river is very turbid below the Perry River confluence (downstream of the fence
location) so some use of downstream reaches for spawning cannot be ruled out by the lack of
visual observations, although fry abundances suggest reaches upstream are more important.
As well, the upstream extent of spawning by pelagic piscivores is unknown.  Kay Falls is
assumed not to be an upstream barrier to all fish passage, based on the presence of coho
upstream (Sebastian 1988).  Rainbow trout are present upstream of the falls, and the outlet of
Griffin Lake is believed by some to be an important area for rainbow trout spawning
(Sebastian 1988).  However, it is unknown whether Griffin Lake outlet spawners are
members of the adfluvial Shuswap Lake population or other resident stocks, and sampling in
1990 captured a low number of rainbow trout fry in that section of the river (Bison 1991).

2.5.1.1.6. Quesnel Lake

Areas of the Horsefly River system (including McKinley Creek) which are used for
reproduction by Quesnel Lake pelagic piscivorous rainbow trout are known by radio tagging
of spawners which were captured by boat-electrofishing near the mouth of the Horsefly River
(Dolighan 1989).  But spawning locations of Quesnel Lake pelagic piscivorous rainbow trout
in the Mitchell River system are not yet precisely known.  For data compilation purposes in
this report, the upstream end of spawning by the adfluvial (Quesnel Lake) population is
assumed to be the impassable waterfall 4 km downstream of the outlet of Mitchell Lake.

2.5.1.1.7. Kamloops Lake

Reproduction of large rainbow trout in the Barriere River immediately downstream of
North Barriere Lake is known by radio tagging of nine fish in the vicinity of the confluence
of the North Thompson River and the Barriere River (McGregor 1993), and by snorkeling of
the same section of river in the spring of several years in the early 1990s (Bison 2003).  It is
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inferred that these fish are pelagic piscivores from Kamloops Lake (Bison 2003) but
definitive evidence is lacking because no individuals have been tagged in Kamloops Lake
and tracked to and from the North Barriere spawning locations.

The extent of rearing habitat utilized by rainbow trout which are spawned below the
outlet of North Barriere Lake, and which are assumed to mature as pelagic piscivores in
Kamloops Lake, is not known at present.  Only for data compilation purposes, the length
usable for rearing is considered to be from the outlet of North Barriere Lake downstream to
the North Thompson River confluence, and does not include the North Thompson River
channel downstream to Kamloops Lake itself.

2.5.1.1.8. Mabel Lake

The headwaters of the Bessette Creek system are presently only inferred to be the
location of reproduction for Mabel Lake pelagic piscivorous rainbow trout.  This inference is
based on visual observations of large spawners particularly in Duteau Creek, and knowledge
of population density of young life stages throughout the system (Jantz 2003).  The
abundance of fry and absence of juvenile rainbow trout in lower Duteau Creek, and Lower
Harris Creek1, suggest their use by one or more migratory stocks.  The upper limits of
spawning by migrant rainbow trout in these streams are also unknown.  However, a chute
forms a velocity barrier on the Duteau channel (FISS 2003) roughly 10 km upstream of the
Bessette confluence, so the section downstream has been assumed to comprise the Mabel
Lake spawning habitat in this tributary.  Likewise, the upstream extent of spawning activity
in the Lower Harris Creek channel is not known, but use of Upper Harris Creek does not
appear likely based on material presented by Griffith (1986).  No data are available
concerning rearing locations for older parr spawned in these streams, but roughly 49 km of
higher-order channel are available downstream of their confluence and upstream of Mabel
Lake, in the Bessette Creek and Shuswap River channels.

2.5.1.1.9. Bonaparte Lake

Outmigrating and returning Bonaparte Lake spawners were captured and sampled at a
weir at the lake's outlet in 1992 and 1993 (Atagi 1993; Murdoch and Watts 1994).  Spawning
locations of Bonaparte Lake piscivorous rainbow trout are not presently known but are
presumed to occur in the Bonaparte River mainstem below the Brown Creek confluence
which lies 4 km downstream of Bonaparte Lake (Atagi 1993).  Similarly, it is unknown how
far downstream rearing of the pelagic piscivorous stock may occur; Table 6 assumes that parr
rearing habitat extends downstream only as far as Young Lake.

2.5.1.1.10. Isaac Lake

Only circumstantial evidence is available concerning the spawning location of the
Isaac Lake population, which is believed to lie downstream of the outlet of the lake in the
Cariboo River (Dolighan 2002).  How far downstream spawning and rearing may extend is
unknown; Table 6 assumes that parr rearing habitat extends downstream in the Cariboo River

                                                
1 In concordance with the material presented in Griffith (1986), the present document refers to the uppermost section of Bessette Creek,
downstream of the confluence of Harris Creek and Nicklen Creek but upstream of the Duteau Creek confluence, as "Lower Harris Creek",
rather than as Bessette Creek.
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as far as the river mouth at the next large lake (Lanezi) but this is an entirely arbitrary
assumption with no field evidence to support or deny it.

2.5.1.1.11. Crescent Lake

The Beardslee rainbow trout of Crescent Lake spawn in a short section of the Lyre
River at the outlet of the lake.  The location has been known to biologists and local residents,
by visual observation, for nearly a century (Meyer and Fradkin 2003).

2.5.1.1.12. Khtada Lake

The spawning location of Khtada Lake piscivorous rainbow trout has not been
established.  Large rainbow trout have been angled downstream of the lake during the spring
and it is believed but unconfirmed that these fish are of Khtada Lake origin (De Gisi
unpublished).  It is unknown whether other locations such as Khtada Lake inlet streams may
also be used.  To estimate the characteristics of rearing habitat, it was assumed that rearing
occurs in the Khtada River as far downstream as the barrier falls above the mouth of the
Khtada River at its confluence with the Skeena River, not including Davis Lake.  This
assumption is not based on any field evidence however.

2.5.1.2. Channel Characteristics

Map-based physical characteristics of the stream reaches described in the previous
section and believed to be used by pelagic piscivorous rainbow trout for spawning and
rearing are given in Table 6.  Summary statistics for the available estimates are also provided
in Table 6, and graphical depiction is made in histograms of Figure 3.

To review terminology, stream order is a hierarchical system of classifying channel
position in the watershed.  First-order streams are headwater channels; second-order streams
are formed by the joining of two first-order channels; third-order streams are formed at the
confluence of two second-order streams, and so forth.  Magnitude is established at one for
headwater channels, and is additive downstream of every channel confluence.  Order and
magnitude correlate roughly with stream discharge and channel width when the watershed
topography, soil, vegetation and precipitation are similar.  Each is dependent on map scale
and on "the art" of the mapmaker in deciding where to depict channels.  Leaving aside the
latter imprecision, there are clearly large differences in topography and precipitation among
the watersheds listed in Table 6.  However, when field-based measures of discharge and
channel wetted width are not available, these map-based characteristics provide a starting
point for comparing channel size and the potential to provide fish habitat.

Uncertainty about pre-impoundment Arrow Lake yellowfin reproduction locations
suggests that the data for that system should be excluded from further discussion, though it
bears mentioning that if reproduction did occur in the mainstem Columbia River between the
two lakes, the order (7) and magnitude (~10,000) at that location are much greater than for
any known pelagic piscivorous spawning location.  For the remainder of the systems, stream
order of 4 and 5 are most common.  Where order 3 channels are used, these are coastal
watershed such as Khtada or Crescent where greater precipitation likely creates a larger
channel and higher average flow for a given stream order.  Except for those channels which
incidentally are paired with relatively small lakes, most pelagic piscivorous stocks appear to
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reproduce in channels with greater than 10 km (and often much greater than 10 km) of order
4 through 6 channel accessible for rearing of parr before lake residency.

The same map-based physical characteristics of selected stream reaches potentially
accessible from Eutsuk Lake are given in Table 7.  The streams are presented in order of the
subjective likelihood to support reproduction by pelagic piscivorous rainbow trout.  The
glacial nature of the Chezko River makes it an unlikely location for rainbow trout spawning
and rearing, and although its tributary Tetsa Creek appears ideal, there are significant doubts
about the accessibility of the latter to Eutsuk lake fish.  However, the Tetachuck River
downstream of Eutsuk Lake is larger than all streams listed as pelagic piscivorous rainbow
trout reproductive habitat in other watersheds (Table 7).  Though the length of free-flowing
channel downstream of Eutsuk Lake is only about 3 km, the presence of numerous islands
creates additional "edge" habitat needed by rainbow trout fry.  In summary, although the
accessible channel length is low in streams such as the outlet of Eutsuk Lake, and the St
Thomas River, these are likely to offer high quality spawning and possibly parr rearing
habitat and based on the physical data should have first priority for additional investigation.

2.5.1.3. Stream Discharge

Stream flow data available from Water Survey of Canada's Hydat database, for
stations within or adjacent to locations believed to be used for reproduction by pelagic
piscivorous rainbow trout are summarized in Table 8.  Additional details about the data are
provided in Appendix II (Table 13).  Graphical depiction of the average hydrographs for the
stations are also provided in  Appendix II (Figure 7through Figure 10).  The timing of the
annual spring spate (for interior watersheds) is indexed by the date at which the average
hydrograph exceeds the annual median.  As expected given the widely differing climate,
vegetation and topographic characteristics of these watershed, there is great variation in the
timing of spring spate.

The Lardeau River dataset provides the only longterm dataset describing the timing of
peak spawning activity.  The median date of the peak count is 7 May, as compared to the
median spate initiation date of 20 April.

Stream discharge data for the Eutsuk Lake watershed exists for a single location, that
being the Tetachuck River just downstream of the outlet of Eutsuk Lake.  As discussed
previously, it is unknown whether Eutsuk Lake pelagic rainbow trout utilize this reach for
reproduction, although some characteristics of the channel appear ideal for spawning and
rearing by large-bodied rainbow trout.  Only three complete years of discharge data are
available for this site, but the median date of spate initiation is April 29, which is later than
all pelagic piscivorous rainbow trout spawning streams for which data exist except Mitchell
River (Quesnel Lake).  Additional data are needed, with more collation of the available
discharge and temperature data to determine whether any significant patterns are present and
predictions possible, but the existing information suggests that Eutsuk spawning might be
among the latest of known pelagic piscivorous stocks.
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2.6. Pelagic Piscivorous Rainbow Trout Abundance Assessment

As suggested previously, fish population management is most likely to succeed when
the condition of the production environment, population life history, abundance, and fishery
characteristics are all known.  Material in this section of the report focuses introduces
methods for assessing population abundance of pelagic piscivorous rainbow trout.  This is
meant to provide context for discussion and recommendations about the acquisition of this
type of information for the Eutsuk Lake pelagic piscivorous rainbow trout.

2.6.1. Adult Enumeration in Lakes

Methods of quantifying adult fish abundance in lakes may be broken down into two
categories: whole population estimation, and indices of abundance.  The former approach is
self-obvious.  The latter involves collecting information which, rather than indicating the
total number of fish present, instead serves as an accurate index or indicator of trends in
abundance through time.  In some cases, the index may be linked to whole-population
estimation, such that knowing the index value may allow estimation of total numbers.  In
other cases, however, total population numbers are unknown and the index merely serves to
suggest whether any trends in abundance are occurring.

2.6.1.1. Whole Population Estimation

Whole population estimates of lake-resident  fish have most commonly been obtained
by the removal technique, mark-recapture methods, or hydroacoustic technology (sonar, also
known as "fish finders").  The removal method is essentially only practical in experimental
situations and on smaller waters, and will not receive further discussion here.  On lakes
which support pelagic piscivorous rainbow trout, hydroacoustic surveys have been used most
often to estimate kokanee abundance.  Although there are some indications that this approach
may become feasible for use with rainbow trout in the future (Sebastian 2003), to date there
has been no attempt to estimate pelagic rainbow trout abundance hydroacoustically and
further development of the method will likely require years of work and significant expense.
One relatively new approach to fish population estimation involves genetic analyses (e.g.
Heath et al. 2001).  Again, this method is in its infancy, and no account of its use for lake-
dwelling rainbow trout has been published.  Based on present knowledge, genetic techniques
cannot be considered a likely affordable answer to the problem of pelagic piscivorous
rainbow trout abundance estimation in any but the long-term future.

Mark-recapture methods involve capturing fish, marking them in some easily-
recognizable way, releasing them back into their pre-capture environment, and then
monitoring their rate of recapture either by the original method or by an entirely different
capture or observation method (Ricker 1975).  The rate of recapture of marked fish and
unmarked fish then allows a computational method for estimating the total number of fish
present.  A large number of assumptions must be met in order for the resulting population
estimate to be completely accurate; among the most important are population closure (no
mortality, immigration or emigration) and complete tag retention.  Those these assumptions
are probably never met, but if their violation is not severe the abundance estimate may still
be of use.  David Bustard and Associates (1990) report on mark-recapture estimation of the
number of Sutherland River spawners staging near the mouth of the river at Babine Lake.  A
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large-mesh gillnet was used to capture pre-spawning pelagic piscivorous rainbow trout which
were marked by anchor tagging.  The rate of tagged fish reoccurrence during subsequent
netting periods allowed the calculation of an estimate of the number of pre-spawners present.
To date, no other application of this method has been reported for pelagic piscivorous
rainbow trout in lakes.

2.6.1.2. Indices of Abundance

Gillnets and seines are often used to capture lake-dwelling fish, and their rate of
capture of fish per standardized unit of capture effort in some cases can be used as an index
of abundance.  However, neither netting method is typically effective for pelagic piscivorous
rainbow trout, which are relatively low in number, and for most of the open-water season are
spatially widely-distributed and found in deepwater habitats that are extremely difficult to
net.

Angling catch per effort is probably the index most frequently used by managers to
monitor trends in abundance in lacustrine fish populations, including pelagic piscivorous
rainbow trout.  The use of catch per effort information by British Columbia lake fishery
managers is often informal, which is to say without statistical rigor and in many cases
anecdotal rather than quantitative.  Regardless, catch rates can be objectively and
quantitatively monitored either by angling use studies which are described in detail in
Section 3 of this document, or by reports from commercial entities involved in the
recreational fishery including licenced angling guides and facilities such as lodges or
marinas.

Although all methods used to estimate or monitor fish population abundance are
subject to uncertainty and error requiring caution in their interpretation, the fisheries
management literature is replete with situations where indices of abundance, otherwise
known as relative abundance data, have masked fish population collapse.  Fish and angler
behavior can cause indices of abundance to appear relatively constant, even as population
decline is occurring.  Extreme care must be practiced in relying on their interpretation for
management.

2.6.2. Adult Enumeration in Streams

Rainbow trout, and other members of the genus Oncorhynchus including Pacific
salmon, typically reproduce in flowing water.  As a result, adults of these species are often
seasonally concentrated in streams where they may be accessible for enumeration.  This
approach to population estimation has been widely used for management of anadromous
salmonids.  Several methods are commonly applied; these are detailed in the paragraphs
which follow, and examples of their application for enumeration of pelagic piscivorous
rainbow trout are given.

2.6.2.1. Snorkel, Bank and Aerial Counts

In small shallow streams with minimal surface turbulence, where spawning locations
are relatively defined and well known, it is often possible for spawning salmonids to be
counted from the stream bank.  For larger streams, counting may be accomplished from
aircraft, or by snorkel teams in some circumstances.  For any of these methods to be
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successful, water clarity must be very good.  In addition, knowledge of migration timing is
essential.  A single count each year may be useful as a rough index for some salmon stocks
for which run timing is quite constrained and predictable.  In other cases, variability in run
timing requires counts across multiple days to ensure that the peak of the run is enumerated.
In either case, the peak count may serve as an index of abundance (see Section 2.6.1.2), but a
whole population estimate requires the area-under-the-curve method (English et al. 1990),
necessitating counts before and after the peak as well as an estimate of the average spawner
residence time in the spawning area.

The only repeated use of stream bank counts of spawning pelagic piscivorous
rainbow trout or redds appears to be that of the Gerrard rainbow trout of Kootenay Lake, and
the Beardslee rainbow trout of Lake Crescent.  The Gerrard stock is believed to spawn nearly
exclusively in a section of the Lardeau River of length approximately 350 m, just
downstream of Trout Lake and upstream of the Mobbs Creek confluence (Cartwright 1961;
Irvine 1978).  Similarly, the Beardslee trout of Lake Crescent spawn immediately
downstream of the outlet of Lake Crescent itself, in a section of the Lyre River which is less
than 150 m in length.

Because the entire Gerrard spawning population apparently uses a single small area,
and because water clarity is nearly always excellent in that location due to the sediment-
settling effect of Trout Lake, it is possible to enumerate all fish which are holding within that
area by visual counts from a set of towers constructed on the stream banks.  Surface
turbulence due to wind is the only factor which occasionally prevents a complete count on a
particular date.  Counts are made on a daily basis through out the spawning period, with the
peak count multiplied by an adjustment factor in order to estimate the entire spawning
escapement (Irvine 1978).

In general however, streamside, snorkel and aerial counts of spawning rainbow trout
are not a feasible approach to estimating or monitoring population abundance.  The method is
not typically useful for steelhead abundance estimates either.  Rainbow trout migrate and
spawn in the spring while streams are approaching and experiencing spate, with high flow
volume and turbidity that create conditions not conducive to fish visibility.  In addition,
spawning areas are not typically highly contained, and timing and duration of rainbow trout
runs appears to vary significantly between years.  Timing may have some dependence on the
most obvious environmental variables such as temperature and stream stage, but appears to
show considerable residual variability not easily explained by any physical factor.

Water temperature, stream stage and fish count data which have been collected for
several decades in the spawning area at Gerrard provide clear evidence of these points
(figures in Appendix II).  In the period 1961 to 2002, the day of the peak count at Gerrard
varied between April 24 and May 18 (Figure 11).  Average water level (Figure 11) and
average water temperature (Figure 12) on the day of peak count varied widely during the
same decades.  In the case of water temperature, day-to-day fluctuations can be high due to
weather despite the buffering capacity of Trout Lake; use of a temperature average for the
five-day period centred on the day of peak spawning alleviates some (but not much)
variability in the apparent water temperature at peak of spawner presence (Figure 12).
Spawning Gerrard rainbow trout probably do respond generally to rising water temperature
and rising water levels as timing cues, since they tend to spawn later in the season in years
when water temperature first rises later in the season (Figure 13), and similarly spawn later in
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the season when initiation of rising water levels2 is delayed (Figure 14).  But spawning fish
probably cannot closely tune their reproductive readiness to physical variables which
fluctuate widely on such short time scales.

Though data for other systems are not available, it is likely that peak spawning counts
would be at least as variable in timing if not more so for other pelagic piscivorous rainbow
trout stocks, and monitoring of environmental variables such as water temperature or stream
stage would provide minimal help in predicting the timing of the peak each year.  That being
the case, accuracy in the use of streamside counts of spawners for population estimation
would require daily counts, or nearly so.  In most cases, seasonal turbidity, flow volume, and
spatial dispersion of spawners would likely prevent accurate enumeration even if daily counts
were logistically affordable.

2.6.2.2. Weirs

In the context of fish population assessment, a weir is defined as a structure which
crosses the stream channel and allows enumeration of fish which move past in either
direction.  Two types of weirs are commonly used to enumerate migrating salmonids.

The first of these uses a physical fence to collect fish in a trap.  The fish can then be
enumerated, often with additional biological information collected, and released to resume
their migration.  In some cases the fence is seasonally constructed specifically to herd fish
into a trap, while in other instances a dam or other permanent water control structure is
modified.

The second type, called a resistivity counter3, relies on two electrodes imbedded in or
on the stream bed.  Changes in the electrical field induced as a fish passes through it allow
both counts of fish and fish lengths to be recorded by the resistivity method.  In some cases, a
video system is triggered by the resistivity equipment to record footage which can be used to
validate (by human review) the passage of each fish and its approximate size and species.

Each type of weir has one or more advantages relative to the other.  Fish traps allow
the nearly unqualified identification of species, as well as collection of biological samples
and marking or tagging of fish, none of which are possible with the resistivity counter.
Resistivity counters typically do not require daily tending by technical personnel, do not need
to disrupt fish migrations as is often the case with fences, and depending on design may be
less prone to failure during the high-water events when salmonids are also most likely to
migrate actively.

Both types of weirs require installation and maintenance of a physical site or
structure, at a location conducive to the method and equipment.  To be effective for spawner
enumeration, fish fences require a site downstream of all spawning activity, where the fence
can be held with minimal erosion and where spate events can be managed.  Resistivity
counters require near-laminar flow in order to operate; often a concrete crump weir is built
across the channel bed to create ideal flow, although in some cases a naturally-suitable run
may allow the anchoring of equipment which does not require a crump weir.  The latter
situation is accompanied by increased risk of lost effectiveness during high water however.

                                                
2 Incidentally, water level and temperature at the period of peak spawning count are not closely correlated (Figure 15).
3 Often known as Logie counters, which is the best-known manufacturer of this type of equipment
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Weirs have been used to enumerate spawning adult pelagic piscivorous rainbow trout
on at least 6 streams.  Among these are: Tonkawatla Creek (Triton Environmental
Consultants Ltd. 1994; Coast River Environmental Services Ltd. 1995), McKinley Creek
(McCubbing and Burrows 2002), Bonaparte River (Atagi 1993; Murdoch and Watts 1994),
Mission Creek (Wightman 1975; Gale 1979) and its tributary Hydraulic Creek (Matthews
1983), and Eagle River (Bison 2003).  None of these weirs has been operated as a longer-
term method of population abundance monitoring, although this is the intention of the
resistivity counter on McKinley Creek (Dolighan 2003).

2.6.3. Fry and Juvenile Enumeration in Streams

The abundance of salmonid fry or parr in spawning and rearing habitat can also be
indicative of the number of mature fish which escaped all fisheries to spawn and produce the
juvenile cohorts.  Fry and juvenile salmonid abundance estimation in streams is often
accomplished by multi-pass electrofishing.  At each site, a measured area of habitat is
chosen, and usually enclosed with small-mesh stop nets so that fish cannot escape.
Electrofishing is then conducted systematically within the site area, and the captured fish
removed and held in buckets.  If two or more electrofishing passes are made through the
sample area with the captured fish from each pass held and recorded separately, the removal
method can be used to estimate the number of fish in each age class present within the
sample area including those not captured by either electrofishing bout.

Sampling at one or more sites can thus be used as an index of relative abundance in
the stream at large.  If an estimate of the total number of juvenile fish in an entire stream is
desired, a variety of methods can be used to estimate the total area of habitat types available,
and the population density of each age class (number captured per square meter of habitat)
can be expanded by the estimated area of habitat to derive an estimate of the total number of
each age class present.

One or more years of quantitative juvenile surveys have been completed in spawning
streams for at least 7 pelagic piscivorous rainbow trout lakes (Table 5).  Most were not
conducted with the strict intent of adult population monitoring.  The majority of juvenile
rainbow trout abundance studies in British Columbia during the 1980s were intended to
clarify the production characteristics and potential of streams believed to be important for
rainbow trout.  This included assessment of whether the suitable fry and parr habitat
appeared fully utilized.  These studies could suggest whether adult escapement and egg/fry
production were sufficient to fully "seed" the fry habitat, as well as whether parr habitat was
sufficient to utilize the apparent fry/yearling production.   In either case, the potential for
enhancement projects to increase fish output was the primary motivator, where enhancement
might include creating additional spawning or rearing habitat, or supplementing the fry
supply with hatchery progeny.  However, in at least two cases (the Horsefly River system
and the Lardeau River), juvenile surveys are now being used as a supplemental form of
monitoring adult escapements.

There are a number of technical shortcomings of this method of adult population
monitoring.  First, the area where the stock spawns and rears must be known.  Second, the
method may not detect changes in adult population beyond the escapement required to fully
seed the juvenile habitat.  Third, this approach looks backward rather than forward, which is



Context for Management of Eutsuk Lake Rainbow Trout

17

to say that if an adult population decline is detected in this manner, the damage to the
population has already occurred.  Fourth, egg and fry survival is often naturally variable for
reasons independent of adult population size, so confidently detecting a decline in fry
abundance and assigning its cause as escapement-related usually requires multiple years' data
and creates high risk of late detection.  For these reasons, juvenile surveys are usually
regarded as a supplemental means of population monitoring rather than a stand-alone answer.

2.7. Recommended Actions and Costs

This section of the report presents a set of recommended actions to be taken to initiate
the process of fishery and fish population assessment for the pelagic piscivorous rainbow
trout of Eutsuk Lake.  Costs are only approximate and assume that fisheries technical
expertise is obtained on a contract basis as needed within Skeena Region.  Extensive use of
out-of-region consultants would result in cost increases due to travel, accommodations and
typically higher daily fees for overhead.  The costs as quoted assume partnership
contributions which are detailed in the description provided for each action.  The value of
those contributions is not assigned here but is significant in many cases; many of these
projects could not be afforded in the remote location represented by Eutsuk Lake without the
non-cash partnership contributions implied.

The review of information in De Gisi (2002) and the present document makes clear
that active management of large lake ecosystems and their fisheries is a very expensive
proposition, even under ideal circumstances.  Programs on large lakes in southern British
Columbia in the past decade have often spent more than $100,000 per year per lake, to try to
determine how to manage human impacts to the lakes and their fisheries, and to restore
habitats and populations which have been badly damaged.

Some of the expense of extant large-lake programs is attributable to attempts to
ameliorate impacts such as upstream impoundment, landscape modification, and species
introductions, none of which are relevant to the present situation of Eutsuk Lake.  On the
other hand, actively-managed large lakes are invariably road accessible.  The remote location
of Eutsuk Lake would add significant cost to any attempt to undertake the major tasks needed
to allow ongoing monitoring of rainbow trout population status for fishery management
purposes.

Review of information about pelagic piscivorous trout populations suggests that few
reliable shortcuts are presently available.  The low number of populations of this type makes
it difficult to generalize with any confidence about biology and the bases of production.
Furthermore, for many of the characteristics of the physical environment of the lake and
adjacent streams believed most important to kokanee and pelagic piscivore production,
Eutsuk Lake appears atypical in comparison to the few well-studied systems to date.

Some reduction in uncertainty about the status of the Eutsuk Lake pelagic piscivore
population through time might be gained by careful monitoring of the recreational fishery.
Stable relative abundance (angling catch rates) of small and large trout, across multiple years
or decades of the recreational fishery, could be an indication of population and fishery
sustainability.  This approach to population assessment is particularly attractive because the
logistics of access to the lake allows BC Parks to monitor the fishery comparatively
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inexpensively.  However, two important factors argue against relying solely on fishery data
for monitoring and management.

First, the fisheries management literature is replete with situations where relative
abundance data masked fish population collapse.  Fish and angler behavior can cause indices
of abundance to appear stable, even as population decline is occurring.

Second, the long term trend  in the fishery will inevitably be toward more activity and
angling-related mortality.  Fishery monitoring alone will give no indication of "how much is
too much" until damage is occurring.  In the best case, this results in costs of foregone
recreational and economic benefits while backtracking to sustainable level of use, and in the
worst case more dire scenarios.

For these reasons, monitoring of the fishery alone must be viewed as insufficient in
the long term.  The absence of reliable management shortcuts, the resulting necessity for
basic biological data, and the costs of acquiring the needed information, all argue for starting
the process sooner rather than later.  This will allow the expense to be afforded across a
longer time span.  It will also create cost efficiency by allowing "piggybacking" of tasks on
other projects, and the choice of the most affordable timing for projects rather than having
timing dictated by crisis-type management with resulting inflation of expense.  Emphasis is
given here to opportunistic acquisition of materials such as tissue samples for future genetic
analyses, and so forth.

The recommended actions are presented in order of priority.  In turn, priority was a
function of the importance of the information, the expense of acquiring, and the sequence in
which it is needed relative to other actions.  In some cases, actions are precursors to other
possible projects, which helps to determine the order of priority.

2.7.1. Angling Use Survey

Time frame for initiation: Immediate

Approximate cost: $12,000 including materials and reporting

Description: Implement a formal angling use survey to estimate activity, catch and harvest
in all sectors of the Eutsuk Lake fishery for rainbow trout.  A design for this survey is
provided in Section 3.3 of this document.  The results will be used in forthcoming decisions
about acceptable levels of guided angling on Eutsuk Lake, as well as long-term monitoring of
the relative abundance of Eutsuk Lake rainbow trout.  For context, comparable results from
angling use surveys on other pelagic piscivorous rainbow trout lakes are also provided in
Section 3 of this report.  Non-cash partnership contributions include the distribution and
collection of forms by BC Parks' contractor at Chikamin Bay, and collection of the same
detailed information from their clients by the commercial recreation operators.
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2.7.2. Anchor-Tagging Program

Time frame for initiation: Immediate

Approximate cost: $10,000 including materials and reporting

Description: Implement anchor tagging of angled and released rainbow trout in Eutsuk
Lake, accessible inlets, and the outlet channel.  Tags will be applied by trained angling
guides and BC Parks staff.  The angling survey form should also be used to inform the public
of the need for reporting of details of any tagged fish which are caught.  The results of the
tagging program, in combination with the angling survey, may suggest the magnitude of the
Eutsuk Lake rainbow trout population and the angling exploitation rate.  Information about
movement patterns of Eutsuk Lake rainbow trout may also be gained, including movement
between the lake and adjacent streams and lakes.  Identification of reproductive habitat may
also be assisted by this program action.  Comparable projects have been implemented on
Quesnel Lake, Shuswap Lake, and Babine Lake and their results will provide context for
Eutsuk Lake results.

2.7.3. Temperature Data Collection

Time frame for initiation: Immediate

Approximate cost: $5,000 including materials and reporting

Description: Deploy digital temperature loggers at the mouths of potential spawning
streams accessible from Eutsuk Lake.  Temperature data will help to clarify which streams
are most likely used for rainbow trout reproduction, as well as possibly the timing of
spawning.  Comparable temperature data exist for Babine Lake (Sutherland River mouth:
David Bustard and Assoc. 1990), Kootenay Lake (Lardeau River: Hagen unpublished),
Bonaparte Lake (Bonaparte River: Atagi 1993; ), Lake Crescent (Lyre River: Meyer and
Fradkin 2002), Arrow Lakes (Tonkawatla Creek: Triton 1994; Coast River Environmental
Services Ltd. 1995), Shuswap Lake (Scotch Creek: Galesloot 1995), Quesnel Lake (Mitchell
River, Horsefly River, McKinley Creek: Dolighan 2003) and likely others.

2.7.4. Population Genetic Analyses

Time frame for initiation: Immediate

Approximate cost: Unknown

Description: The use of genetic analyses for population assessment is a dynamic field in its
infancy.  It is difficult to predict what may accomplishable by these methods within a decade,
and attaching costs is not possible.  However, collection and archiving of ethanol-preserved
tissue samples can be done immediately in an opportunistic manner (i.e. during other
assessment activities) to minimize the cost associated with acquiring this material for future
analyses.
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2.7.5. Juvenile Habitat/Abundance Survey

Time frame for initiation: Mid-term

Approximate cost: $15-20,000 including reporting

Description:   Sampling of fry and juvenile abundance at multiple electrofishing sites, along
with quantification of habitat characteristics, on streams with potential importance for
reproduction of pelagic piscivorous rainbow trout.  The results should help to further clarify
which streams may be important, as well as establishing the potential of those streams to
produce young rainbow trout.  Helicopter access will be needed for many sample sites, which
accounts for much of the cost of this action. Partnership contributions from BC Parks might
include lodging of a crew, some transportation of equipment and crew by boat.  Commercial
recreation operators might similarly assist with partnership contributions of crew lodging as
well as transportation into the operating area (by boat) of helicopter fuel.

2.7.6. Kokanee Hydroacoustic Assessment

Time frame for initiation: Long-term

Approximate cost: $20,000 including reporting

Description: Conduct a hydroacoustic assessment of kokanee abundance in Eutsuk Lake.
Assessment to be done by a Victoria-based crew which specializes in this type of assessment.
This cost option does not include trawl-netting of kokanee, which would require the crew
transport their own vessel to the lake from Victoria (total cost for that option would be
>$50,000; Sebastian 2003).  Lack of trawl data can be made up by inexpensive gillnetting to
collect kokanee age samples.  The cost assumes the willingness of one of the commercial
lodge operators to provide an enclosed cabin craft for three days for the survey, as well as
partnership contributions of lodging and possibly transportation to the lake.  Hydroacoustic
assessment of kokanee population density will allow a basis for understanding the basic
abundance and productivity of the food of pelagic piscivorous rainbow trout, which is an
important factor in their abundance and resilience to harvest.

2.7.7. Rainbow Trout Escapement Monitoring

Time frame for initiation: Long-term

Approximate cost: Unknown

Description: Possible approaches to escapement monitoring include weirs, bank or snorkel
counts of spawners or redds, and juvenile abundance surveys.  This action is contingent on
identification of the most important spawning area for Eutsuk Lake pelagic piscivorous
rainbow trout; other actions listed above are potential precursors to locating the reproductive
habitat.  The location and timing of reproduction will be a major factor in determining
whether the cost of escapement monitoring can be reduced by partnership contributions and
piggy-backing on other operational activities in the park.  One advantage of the Eutsuk Lake
system is the limited accessible length of streams where spawning appears most likely: radio
telemetry, which is extremely expensive and logistically difficult, should not be necessary to
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locate reproductive habitat as it has been for other pelagic piscivorous systems.  The weir
approach could be problematic for a number of reasons including expense, protected area
status issues with physical modification of the channel or surroundings, and the very large
size of at least one channel (Tetachuck River) which may be a main spawning site.  In some
cases, resistivity counters can be installed with minimal impact to the surroundings.  The
capital cost of portable units is currently approximately $50,000 with an annual operation
cost of several thousand dollars depending on the accessibility of the location, but channel
size and site suitability is an issue.  In summary, present uncertainty is too high to allow an
estimate of the feasibility and cost of escapement monitoring but the results of precursor
actions listed above should greatly reduce the uncertainty.

2.7.8. Simulation Modeling and Analysis

Time frame for initiation: Long-term

Cost: $10,000

Description: The existing "large lakes" (LLKM) computer simulation model of Korman et
al. (1992) provides a framework for quantitatively integrating information about lake
physiochemistry, kokanee abundance and growth, rainbow trout reproductive habitat quantity
and quality, and fishery characteristics.  This allows managers to examine scenarios for
sustainable management of large lake kokanee ecosystems.  Updating of the model to reflect
improved general process knowledge about such systems gained through intensive projects
on Kootenay, Arrow and Okanagan Lakes, followed by application of the updated model to
Eutsuk Lake data, will allow integration of available information and development of a long-
term fishery and fish population management plan.

2.8. Funding

2.8.1. Corporate

The Aluminum Corporation of Canada (Alcan) is the only major non-governmental
corporate entity whose activities adjacent to North Tweedsmuir Provincial park routinely
warrant interaction and cooperation with BC Parks.  Alcan already provides significant
support to BC Parks, including barging of fuel to the Chikamin Bay facility each year,
maintenance of watercraft access points and traffic-ways on the Nechako Reservoir, and so
forth.  Additional support from Alcan, for fisheries projects on waters enclosed within the
park, does not appear likely, although transportation of helicopter fuel to Chikamin Bay is
one possible additional contribution.

2.8.2. Provincial Government

2.8.2.1. Regional

The foreseeable Provincial fiscal environment, as reflected in regional budgets of the
Environmental Stewardship Division, is likely to allow minimal ongoing funding for Eutsuk
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Lake fish conservation.  Budgetary constraints require that priority be given to conservation
crises rather than far-term needs, and Eutsuk Lake fishery management falls within the latter
category.

2.8.2.2. Intra-Provincial

The Habitat Conservation Trust Fund (HCTF) is likely the only out-of-region
provincial government agency able to commit significant funding to the conservation of
Eutsuk Lake fish populations, in the foreseeable future.  According to its mission statement:

The mission of the Habitat Conservation Trust Fund is to provide
funds to proponents to assist in maintaining the health of natural
ecosystems and the productivity and richness of species within these
ecosystems, by preventing and mitigating the loss of habitat and native
species of freshwater fish and wildlife in BC, for the benefits of all.

The Habitat Conservation Trust Fund funds the acquisition of land
and water rights, and supports projects not eligible for support from
existing research funds or not within routine government responsibilities.
Projects supported by the Trust Fund improve the management of species
and habitats by improving knowledge, restoring or managing habitats
appropriate to planning and landscape contexts, and enabling
stewardship.

The uniqueness of the Habitat Conservation Trust Fund comes from
its dedicated funding source - angling, hunting, trapping and guiding
licence surtaxes, its provincial scope, its ability to fund acquisition of key
habitats, its accessibility to common but committed citizens, and, for
certain key projects, to fund up to 100% of the total cost of the project.

From the Trust Fund's statement of its strategic objectives, the following two points
are most applicable to Eutsuk Lake fisheries management:

To protect biological diversity and ecosystem integrity in British
Columbia, the Trust Fund encourages projects that will appropriately
conserve and, where necessary, enhance native wild freshwater fish
populations and their habitats, including small lake habitats, particularly
sports fish, focal/indicator species, and species at risk; and will reflect the
interests of the people who contribute to the Trust Fund.

To protect biological diversity and ecosystem integrity in British
Columbia, the Trust Fund encourages projects that will increase
understanding and respect for ecological values, promote responsible
behaviour towards and familiarity with nature and build public support for
habitat-based ecological values in the Province; and will reflect the
interests of the people who contribute to the Trust Fund.

And finally, the following material from the Trust Fund's statement of "scope" is
relevant to the possibility of receiving support for Eutsuk Lake fish conservation and
management:
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Trust Fund expenditures are primarily directed to the maintenance,
protection, restoration and enhancement of biodiversity, fish, fish habitat,
wildlife and wildlife habitat and undertakings directly related to that end.
Generally, the Trust Fund provides conservation and enhancement
capability beyond the basic management and protection activities of any
government legislated mandate.

The Habitat Conservation Trust Fund will only support those
projects that will contribute to the mission of the Trust Fund. Projects
must have merit, be effective and produce meaningful results.

The Trust Fund supports the following general areas:

• information development through applied research, inventory
or other projects and meant to influence understanding and
behaviour and also produce knowledge and techniques that can
be applied to conservation and management activities and to
acquisition projects.

• engaging the public by supporting stewardship, education and
awareness projects

• conservation and management activities to benefit native
freshwater fish, native wildlife and habitats directly

In terms of the possibility of HCTF funding approval, positive aspects of an application in
support of population assessment on Eutsuk Lake would be :

(1) the demonstrated high recreational value and relative rarity of the pelagic
piscivorous rainbow trout ecotype,

(2) partnership contributions from BC Parks, and

(3) partnership contributions from commercial recreation operators.

2.8.2.3. BC Parks

The resources which BC Parks can bring to the table as partnership contributions
without significant budgetary outlays might include:

(1) provision of lodging

BC Parks maintains a facility at Chikamin Bay, where a contractor responsible for
operating the rail portage lives during the summer months.  Park ranger staff also
lodge at the facility during their scheduled time in the park.  The facility is large
enough to simultaneously provide lodging to a small (two or three person) field
crew for short projects in the park.  The facility at Chikamin Bay includes a large
cabin with electric power, along with a well-equipped workshop.

(2) provision of manpower

BC Parks ranger staff, typically a crew of two persons, patrol Eutsuk Lake at
various times during the summer.  Although lacking formal training in fisheries
techniques and with other major demands on their time, ranger staff could provide
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biologist-supervised field assistance, and with training could likely also carry out
some unsupervised field biology tasks

(3) provision of equipment such as watercraft

BC Parks typically maintains two watercraft at Chikamin Bay suitable for travel
on the Nechako Reservoir and Eutsuk Lake.  While liability would likely prevent
the loan of BC Parks' boats and other equipment to biology field crews, ranger
staff who were involved with field biology projects could operate any such
equipment, allowing its contributory use to projects.

(4) logistic support, including transportation of equipment and field staff

Park rangers and management staff make several trips into the park per summer,
to and from the Chikamin Bay facility, usually by boat on the Nechako Reservoir
but occasionally by plane.  Equipment, materials or personnel needed for field
projects might be transported simultaneously without significant additional cost.

2.8.2.4. Commercial Recreation Operators

Both commercial recreational operators on Eutsuk Lake have expressed a willingness
to commit resources to fishery management activities in the park, particularly when such
contributions do not involve excessive cash expenditures.  The resources which commercial
operators might bring to the table without significant marginal outlays might include:

(1) provision of lodging

Each of the two angling lodges on Eutsuk Lake maintains facilities capable of
providing lodging to a field biologist crew, if scheduling is handled with
sufficient lead time.

(2) provision of manpower

Both lodges employ staff, including angling guides, with knowledge of the lake
and its fish.  While lodge staff are not formally trained in fisheries biology
techniques and are already fully-employed in guiding and other activities of the
lodges, if training is provided then some assistance in certain types of field
projects might be possible without interfering with other activities.

(3) provision of equipment such as watercraft

Each lodge maintains and operates several watercraft on Eutsuk Lake, which
might be made available for field projects on the lake at costs significantly less
than transporting vessels from outside of the park.

(4) logistic support, including transportation of equipment, materials and field staff

In the course of their operating season, each lodge uses boats and/or aircraft to
transport supplies, staff and guests to and from Eutsuk Lake.  In some cases, it
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might be possible for equipment, materials or field staff to be transported
simultaneously without significant additional cost.  In particular, transportation of
fuel for any tributary survey work involving helicopters would be a valuable
contribution

2.8.2.5. Other Sources

Other sources of funding for freshwater fish conservation exist, including private
foundations such as Trout Unlimited.  Obtaining contributions from such sources appears
unlikely in the near- to mid-term future.  Again, funding priority tends to be given to
conservation crises rather than far-term needs.  As well, significant time and effort would be
required to develop any application to such organizations, and it is unclear who would
underwrite the labor in the proposal process given the significant probability of non-funding.
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Table 1.  Physical and water chemistry parameters for lakes which support indigenous populations of pelagic piscivorous rainbow
trout.  The column headed Data provides a subjective categorization of the amount of physiochemical data available for the lake,
where L = low, M = moderate, and H = high.  Surface Area unit is km2.  All Depths are in metres.  [P] = total phosphorus;
ppm = parts per million; ìg/L = micrograms per litre.  Blank cells indicate data may exist but could not be located; NA indicates data
are known not to exist; V indicates variability in this parameter varies spatially to such a degree that a single value cannot be given.

Lake
Data Surface

Area
Mean
Depth

Max
Depth

Thermo
-cline

Depth

Euphotic
Zone

Depth

TDS
(ppm)

Nitrate
( ìg/L)

[P]
( ìg/L)

Chloro-
phyll a
( ìg/L)

Alk
(ppm)

Nechako Res. L 1200 NA >300 ~20.0 18.0 23 5.5 5.9 1.19 20.2
Arrow Res. H 526 83 287 V 25.4 60 145.0 4.0 1.80 55.0
Babine H 490 55 186 11.3 6.9 ~60 26.0 5.5 2.20 36.6
Kootenay H 407 102 154 >30.0 21.0 ~120 90.0 ~10.0 2.50
Okanagan H 360 70 232 15.0 14.0 160 20.0 ~ 9.0 3.90
Shuswap L 290 62 162 10.0 12.3 80 18.0 5.1 1.81 35.7
Quesnel H 264 158 530 12.4 15.5 88 68.0 2.8 1.03 46.4
Eutsuk L 245 1064 323 19.0 29.1 19 20.0 2.3 0.75 14.5
Kamloops L 62 74 151 78 10.0
Mabel L 60 120 201 99
Bonaparte L 39 40 98 14.8 13.3 1.6 5.0 38.8
Isaac L 33 60 174 ~1085

Crescent M 20 101 191 ~25.0 >50.0 75 ~1.0 > 3 0.38 49.1
Tesla L 19 41 108 26
Nadina L 9 15 35 38
Khtada L 6 66 158 14.0 28.5 7 < 3.0 1.20 4.5

                                                
4 rough estimate only, from Lyons and Larkin (1952)
5 No water chemistry data was accessible for Isaac Lake; the listed TDS is for Cariboo Lake downstream
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Table 2.  Availability of kokanee abundance and growth data for lakes known to support pelagic piscivorous rainbow trout.

Lake Abundance Growth Comments

Nechako Res. No No Recent research for submerged timber harvest did not use
floating gillnets in pelagic zone, so kokanee were not captured

Arrow Res. Yes Yes Hydroacoustic estimates of lakewide kokanee abundance, trawl capture for age
samples; also stream surveys of spawner escapement

Babine Yes? Yes Kokanee abundance data may not exist at present per se,
but is likely recoverable from sockeye acoustic surveys

Kootenay Yes Yes Hydroacoustic estimates of lakewide kokanee abundance, trawl capture for age
samples; also stream surveys of spawner escapement

Okanagan Yes Yes Hydroacoustic estimates of lakewide kokanee abundance, trawl capture for age
samples; also stream and lake surveys of spawner escapement

Shuswap No Yes

Quesnel Yes Yes Hydroacoustic estimates of lakewide kokanee abundance, trawl capture for age
samples; also stream and lake surveys of spawner escapement

Eutsuk No No Unknown results of age samples collected during 1982 survey

Kamloops No Unk

Mabel No Yes Single year of kokanee growth data

Bonaparte No Unk

Isaac No No Neither data type available

Crescent No No

Tesla No No Growth data collection planned for 2003

Nadina No No Neither data type available

Khtada Yes Yes Single year of kokanee abundance and growth data
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Table 3.  Life history characteristics of North American indigenous populations of the pelagic piscivorous rainbow trout ecotype, in
descending order of lake surface area.  UN = value unknown due to insufficient data.  Weight unit is kg, ages are years.  Two values
given in a particular cell on distinct rows (e.g., Quesnel Lake) correspond to two distinct stocks in a given lake.

Lake Primary Spawning Location(s) Age at First
Maturity

Weight at First
Maturity

Maximum
Weight

Maximum
Age

Spawning
Number

Nechako Res. UN UN UN 7 UN UN

Arrow Res. Camp C, Tonkawatla C, Columbia R ? UN UN 14 UN  ~ 1000

Babine Sutherland R / Duncan C >5 >1.5 12 10+ 500

Kootenay Lardeau R 5 to 6 2 to 4 14 9+ 800 - 1200

Okanagan Mission C 5 to 6 3 to 7 10 10 300 - 500

Shuswap Eagle R
Scotch C

5 to 7
UN

3.5
UN

9
UN

9?
UN

500 - 1000
UN

Quesnel McKinley C
Mitchell R

6 to 7
5

4
UN

>12
UN

9?
UN

200+
UN

Eutsuk UN UN UN 7 10+ UN

Kamloops Barriere R 5 to 6 2.5 - 3 5.5 7 low 100s

Mabel Duteau C 5 to 6 UN >4.5 7 200 - 400

Bonaparte Bonaparte R UN UN 4 9 UN

Isaac Cariboo R 6 UN 7.5 UN UN

Crescent Lyre R 4 to 66 2.5 10.4 9+ 70 - 318

Tesla UN UN UN 6 UN UN

Nadina UN UN UN UN UN UN

Khtada Khtada R ? 7 to 8 2 5.5 9+ UN

                                                
6 ages questionable, probably low by one year or more based on later data
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Table 4.  Length at age data for selected piscivorous and non-piscivorous rainbow trout populations.  Rows in italic font are not
believed to include pelagic piscivorous populations; n is the sample size.  A variety of collection methods were used, and aging was
conducted by a large number of different individuals, so comparability is limited.

Age (yr)Water Reported n
3 4 5 6 7 8 9 10

Region 6 non-piscivore lakes unpublished 1472 23 27 30 32 35 40

Tweedsmuir lakes (non-piscivore) Keeley 2002 1093 22 27 30 35 35

Nechako Res. Perrin et al. 1997 47 36 42 46 57 64

Arrow Res. Sebastian et al. 2000 Table 18 36 27 38 42 53 66 88

Babine (Sutherland spawners) Bustard and Assoc. 1990 104 50 53 62 72 74

Babine (mix of all stocks) Griffiths 1968 51 27 32 37 42 47 50 54 59

Kootenay (back-calculated) Cartwright 1961 UN 27 43 58 70

Kootenay spawners 1949-98 Hagen unpublished 124 50 65 74 77 80

Okanagan Anonymous 2003 2288 38 49 61 69 72 75 70 66

Okanagan spawners (Mission C) Anonymous 2003 393 37 47 57 64 70 79 78

Shuswap Bison 1991 1121 35 44 54 61 67 77

Quesnel (Mitchell R) Dolighan 1990 146 37 42 52 60 70

Quesnel (Horsefly R) Dolighan 1990 37 38 47 55 67

Eutsuk De Gisi 2002 246 31 38 45 52 59 65 76
Kamloops McGregor 1993 23 16 58 65 69

Mabel 1984 Jantz 1986 44? 39 43 50 52 61

Bonaparte Murdoch and Watts 1994 p.15 67 39 37 47 53 63 66 72

Crescent 1949-52 (converted TL) Meyer and Fradkin 2002 p.22 18 40 44 58 66

Crescent 1996-99 (converted TL) Meyer and Fradkin 2002 p.23 22 34 41 45 58 53 54

Khtada De Gisi unpublished 73

Fo
rk

 L
en

gt
h 

(c
m

)

17 26 35 38 50 58 59
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Figure 1.  Length at age for pelagic piscivorous rainbow trout populations.  Lake populations shown are those for which lake surface
area is greater than Eutsuk Lake.



Context for Management of Eutsuk Lake Rainbow Trout

31

0

10

20

30

40

50

60

70

80

90

3 4 5 6 7 8 9 10

Age (yr)

F
o

rk
 L

en
g

th
 (

cm
)

Kamloops
Mabel
Bonaparte
Crescent 1996-99
Khtada
Region 6 non-piscivore lakes
Tweedsmuir lakes (non-piscivore)
Eutsuk

Figure 2.  Length at age for pelagic piscivorous rainbow trout populations.  Lake populations shown are those for which lake surface
area is less than that of Eutsuk Lake.  Data for small-lake non-piscivorous populations (Region 6, Tweedsmuir Park) are also shown.
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Table 5.  Quantitative estimates of rainbow trout juvenile abundance in stream sections believed used by pelagic piscivorous rainbow
trout populations.  Column headings are self-explanatory.

Lake Stream Year Sites Comments Reported

Babine Sutherland R
    Duncan C

1988
1988

4
3

d/s Duncan C confluence
lower three reaches

David Bustard and Assoc. 1989
David Bustard and Assoc. 1989

Kootenay Lardeau R 2000
2002

7
10

stop nets not used; sites sampled twice
mouth u/s to Trout Lake

Redfish Consulting Ltd. 2000
Redfish Consulting Ltd. 2002

Okanagan Mission C 1978
1979
1980
1981

9
2
3
2

mainstem u/s to Gallaghers Falls
Gallaghers Canyon
Gallaghers Canyon
Gallaghers Canyon

Wightman and Sebastian 1979
Wightman and Yaworski 1982
Wightman and Yaworski 1982
Wightman and Yaworski 1982

Shuswap Eagle R

Scotch C

1986
1990
1990
1994

5
4
2
2

u/s of Perry R and d/s of Griffin L
u/s of Perry R and d/s of Griffin L

d/s Kwikoit C confluence
d/s Kwikoit C confluence

Sebastian 1988
Bison 1991
Bison 1991

Grinton et al. 1994

Quesnel Horsefly River
    McKinley C
Mitchell R

UN
UN

1988

11

? 7

Reports unavailable

Report unavailable

Unknown

Tredger 1989

Kamloops Barriere R UN UN unknown whether any estimates Unknown

Mabel Harris C

    Duteau C

1983
1985
1983
1985

1
1
3
3

d/s of Nicklen C confluence

lower creek
same sites as were sampled in 1983

Fee and Jong 1984
Griffith 1986

Fee and Jong 1984
Griffith 1986

Bonaparte Bonaparte R 1979 2 u/s of Young Lake Tredger 1980
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Table 6.  Channel and drainage characteristics of streams believed used for spawning and rearing of pelagic piscivorous rainbow
trout, for the upstream end of the section used for spawning, and the downstream end of the section presumed to be used for rearing
(usually adjacent to the lake).  % Lake Area is the percentage of the watershed area upstream of the spawning section which is
composed of lake surface.  Order is the channel order, Mag is the channel magnitude (definitions provided in the text), and Drainage
Area is the land surface area which drains through that point.  Rearing Length is the length of channel, between the spawning area
and the parent lake, which is potentially available for rearing of juvenile fish.  Tributaries also used for spawning are indented below
the receiving stream in the Spawning Stream column, and their rearing length is given as x+y, where x is the channel length in the
tributary and y is the channel length in the parent stream; for tributaries, rearing is assumed also to occur downstream in the full length
of the parent channel reach.  Channel length unit is km and drainage area unit is km2.  Abbreviations: C = Creek, L = Lake, R = River.
NA = value not available, or statistic not applicable to the data.

Upstream End of
Spawning Reach

Downstream End of
Rearing Reach

Lake Spawning
Stream

Location
% Lake

Area
Order Mag Drainage

Area
Order Mag Drainage

Area

Rearing
Length

Arrow Tonkawatla C
Camp C

d/s impassable falls
unknown

0.3
0.1

2
NA

5
NA

48
NA

2
3

6
45

57
199

5
NA

Babine Sutherland R
    Duncan C

d/s Duncan C
    lower 6 km

0.6
1.9

5
4

91
32

106
66

5
4

356
48

678
72

66
6?+66

Kootenay Lardeau R d/s Trout L 3.7 5 303 772 5 634 1646 46

Okanagan Mission C
    Hydraulic C

Gallagher's Canyon
    unknown

0.3
1.7

5
NA

163
NA

604
NA

5
5

247
247

845
845

21
?+17

Shuswap Eagle R
Scotch C

us/ Perry R confl
d/s Kwikoit C confl

1.2
0.1

NA
5

NA
154

NA
554

5
5

292
155

1250
615

53
13

Quesnel Horsefly River
    McKinley C
Mitchell R

at Black C confl
d/s McKinley L
d/s impassable falls

2.9
4.8
8.1

6
5
4

604
110
154

1276
429
260

6
5
6

1009
1009
352

2766
2766
584

59
8+61

14



Context for Management of Eutsuk Lake Rainbow Trout

34

Table 6 continued.  Characteristics of streams believed used for spawning and rearing of pelagic piscivorous rainbow trout.  For
Mabel Lake, the downstream end of the rearing reach is the mouth of the Shuswap River at Mabel Lake.  Values given in
(parentheses) are based upon assumptions without any field evidence, and explained further in the report text.  NA = value not
available, or statistic not applicable to the data.

Upstream End of
Spawning Reach

Downstream End of
Rearing Reach

Lake Spawning
Stream

Location
% Lake

Area
Order Mag Drainage

Area
Order Mag Drainage

Area

Rearing
Length

Kamloops Barriere R d/s N Barriere L 1.4 5 163 520 5 254 1145 37

Mabel Harris C
    Duteau C

d/s Nicklen C
d/s impassable falls

1.6
0.8

4
4

64
54

250
176

6
6

1178
1178

3023
3023

8.5?+49
10?+49

Bonaparte Bonaparte R d/s Brown C 12.0 4 67 373 5 156 808 30

Isaac Cariboo R d/s Isaac L 6.3 4 97 521 (5) (229) (1000) 10

Crescent Lyre R d/s L Crescent NA � 3 � 46 120 NA NA NA 4

Khtada Khtada R d/s Khtada L 5.4 3 18 133 (3) (23) (148) (4.3)

Minimum 0.1 3 18 66 3 23 72 4

Maximum 12 6 604 1276 6 1178 3023 72

Median 1.8 4 97 373 5 273 923 37

Mode NA 5 NA NA 5 NA NA NA

Mean 3.3 4.4 141 411 5.1 460 1326 37
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Figure 3.  Characteristics of streams believed used for spawning and rearing of pelagic piscivorous rainbow trout.  Complete data are
given in Table 6.
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Table 7.  Streams adjacent to Eutsuk Lake considered potentially important for reproduction by pelagic piscivorous rainbow trout.
Column headings and abbreviations are as for Table 6.  In the last column, some lengths are uncertain because channels have not been
examined for barriers on-site; the probability of presence of barriers was assessed by examining apparent gradient on 1:50,000 NTS
topographic maps.  For comparative purposes, the final five rows of the table give summary statistics for the same parameters from
channels known to supply reproductive habitat for piscivorous rainbow trout elsewhere; these statistics are duplicated from Table 6.

Upstream End of
Potential Spawning Reach

Downstream End of
Potential Rearing Reach

Accessible
Length

Stream Location

% Lake
Area

Order Mag Drainage
(km2)

Order Mag Drainage
(km2)

Tetachuck R a.k.a. Eutsuk River or
Redfern Rapids, outlet
channel of Eutsuk L

12.8 6 675 2,577 6 673 2,564 3

St Thomas R trib to St Thomas Bay 2.5 4 112 322 4 117 339 2

Surel C trib to W end Eutsuk L 9.9 3 41 82 3 41 83 0.5

Tesla C outlet of Tesla L 9.0 5 69 272 5 140 589 2.5 + 30

71500 trib to SE shore Pondosy Bay
(from Pondosy Pass)

2.5 3 15 53 3 16 58 4 ?

61900 trib to Sand Cabin Bay 0.3 4 20 70 4 27 93 11 ?

Bone C trib to W shore Pondosy Bay 0.1 3 10 33 4 32 99 8 ?

Other Lakes

Minimum 0.1 3 18 66 3 23 72 4

Maximum 12 6 604 1,276 6 1178 3,023 72
Median 1.8 4 97 373 5 273 923 37
Mode NA 5 NA NA 5 NA NA NA
Mean 3.3 4.4 141 411 5.1 460 1,326 37
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Table 8.  Discharge characteristics for streams known to support spawning of pelagic piscivorous rainbow trout.  Stream gives the
channel name, where abbreviations are C=Creek, R=River.  Location refers to the Water Survey of Canada discharge sampling
Station designator.  For each station, the average annual hydrograph was obtained by averaging the flow for each calendar date during
the period shown for each stream in Table 13; the Mean, Median, and Maximum daily values from the resulting average hydrograph
are given in this table; unit is m3/sec.  Peak gives the absolute peak daily flow recorded.  Median Exceeded gives the (spring) date
that the discharge exceeds the median in the average hydrograph.  "NA" indicates that annual characteristics cannot be estimated
because the data are insufficient, or for other reasons given in the report text.

Lake Stream Location Station Mean Median Max Peak Median
Exceeded

Kootenay Lardeau R immed d/s Trout L
~4 km u/s mouth

08NH066
08NH007

26.4
59.0

13.8
29.8

90.2
206.4

167.0
416.0

20 Apr
17 Apr

Okanagan Mission C ~1 km d/s Gallaghers Falls 08NM016 5.0 1.8 31.0 108.0 12 Apr

Shuswap Eagle R

Scotch C

~34 km u/s of mouth

~ 4 km u/s of mouth

08LE024

08LE030

38.4 22.0 131.4 345.0

204.0

03 Apr

NA

Quesnel Horsefly R

McKinley C

Mitchell R

immed u/s McKinley C
town of Horsefly

immed d/s McKinley L

immed d/s Mitchell L

08KH010
08KH007

08KH020

08KH014

19.9
28.8

5.1

12.3

11.3
13.5

2.5

7.7

74.7
124.1

18.5

35.9

180.0
216.0

50.5

63.1

16 Apr
17 Apr

25 Mar

05 May

Kamloops Barriere R ~7.5 km d/s N. Barriere L
~13 km d/s N. Barriere L

08LB068
08LB069 11.8 4.9 57.8

42.5
169.0

NA
04 Apr
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Table 8 continued.  Average discharge characteristics for streams known to support spawning of pelagic piscivorous rainbow trout.
The rows Minimum, Maximum and Median provide summary statistics for the average discharge characteristics of the listed stations,
(excluding station 08NH007 on the Lardeau River, which is relatively far downstream of the Gerrard spawning area but which is
included here for reference from another section of this report).  The final row of the table gives the average discharge characteristics
for the Tetachuck River downstream of Eutsuk Lake, which is the only potential pelagic piscivorous rainbow trout reproduction
stream accessible from Eutsuk Lake for which WSC flow data have been published.

Lake Stream Location Station Mean Median Max Peak Median
Exceeded

Bonaparte Bonaparte R immed d/s Bonaparte L
~ 18 km d/s Bonaparte L

08LF097
08LF062 2.9 1.3 10.5

19.9
49.0

NA
02 Apr

Mabel Duteau C

Bessette C7

~13 km u/s Bessette C confl

immed d/s Duteau C confl

08LC006

08LC042

0.6

3.2

0.3

1.3

2.7

15.4

16.2

39.7

31 Mar

11 Mar

Crescent Lyre R immed d/s L Crescent NA 6.2 5.6 14.0 14.0 NA

Khtada Khtada R ~5 km d/s Khtada L 08EG003 14.5 14.2 47.2 85.8 NA

Minimum 0.6 0.3 2.7 16.2 11 Mar

Maximum 38.4 22.0 131.4 345.0 5 May

Median 9.0 4.4 39.2 59.7 4 Apr

Eutsuk Tetachuck R immed d/s Eutsuk L 08JA028 56.9 40.3 144.0 169.0 29 Apr

                                                
7 Bessette Creek is essentially the same stream as Harris Creek
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3. Angling Use

3.1. Pelagic Piscivorous Rainbow Trout Lakes

Angling use studies have been conducted on 7 lakes known to support pelagic
piscivorous rainbow trout populations (Table 9).  Among lakes with known populations of
this ecotype, Bonaparte, Eutsuk, Isaac, Kamloops, Khtada, Nadina, and Tesla lakes, and the
Nechako Reservoir, have never received an angling use study.

The majority of lakes known to support this ecotype are large8.  Estimation of large-
lake recreational fishery activity and catch typically poses multiple logistical difficulties.
Particularly in the southern portion of British Columbia, large-lake fisheries often occur
during 8 to 12 months of the year.  Sheer size of the lakes, complex shape with multiple
basins, challenging weather conditions, and numerous access points all add complexity to the
collection of accurate fishery data.

Two sampling designs have commonly been applied for field-based angling use
surveys of British Columbia large-lake fisheries:

1. Clerks interview anglers at access points at or near the end of their day.  This allows
the estimation of the amount of angling activity on the lake originating from those
access points, and of the success of anglers on that day. This design is typically only
applied when a low number of access points are used by anglers on a particular lake,
or when the dominant majority of angling activity is believed to occur from a few
access points.

2. Instantaneous counts of boats visible from a small aircraft which flies over all or a
portion of the lake to estimate activity in the fishery, combined with interviews of
anglers to establish catch rates and angling day length.  Interviews may be conducted
by a roving clerk in a boat who approaches all vessels in a predefined area and
queries anglers about their activities and success, or by a clerk who interviews anglers
at access points at the end of their angling day.

Full coverage spatially and temporally is typically unaffordable for these fisheries, so
a systematic sampling design is necessary.  Information from the samples is then extrapolated
to estimate the characteristics of the fishery as a whole.

Stratification of sampling (in space or time) is a survey design feature which has often
been used.  Stratification increases the precision and accuracy of angling use studies where
complete coverage is not possible.

On two large lakes, a mail survey of anglers has also been used to collect information
about the characteristics of the recreational fishery.

Additional discussion of the estimation methods and survey results is provided in the
report sections which follow, for each pelagic piscivorous rainbow trout lake which has
received at least one full-season angling use study.

                                                
8 large lakes are defined by BC Fisheries as >400 ha in surface area
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Table 9.  Pelagic piscivorous rainbow trout lakes which have received at least one reported
angling use study.

Lake Survey Type Years

Arrow access point 1966-67; 1971-74; 1976-99

Babine aerial & access point 1985-86

Crescent access point 1976

Kootenay 1) access point
2) mail

1) 1967-89; 2000-2001
2) 1987-94; 1998-2002

Okanagan aerial & access point 1971; 1978-80; 1988-92

Quesnel aerial & access point 1996; 2001 (effort only)

Shuswap 1) aerial & access point
2) mail

1988, 1989, 1990
1994

3.1.1. Arrow Lakes

Arrow Lakes angling use estimates have been compiled and presented by Andrusak
(1976), Lindsay (1982), Sebastian et al. (2000) and Arndt (2002).  The Arrow Lakes survey
procedure utilizes interviews of anglers at major access locations, with sample dates for each
access location selected by a stratified random procedure.  Resulting estimates of activity and
catch for Arrow Lakes have traditionally been adjusted upward by 25% (Lindsay 1982;
Arndt 2002) to attempt to compensate for unsampled less-important access points and shore-
based angling.  However, as Arndt (2002) suggests, the accuracy of this adjustment is
entirely unknown.

Andrusak (1976) describes the Upper Arrow Lake sport fishery and summarizes
angler surveys for all or portions of seven different years between 1966 and 1976.  Lindsay
(1982) provides annual estimates of catch and effort for the years 1976 to 1982 for Upper
Arrow basin only, during which year-round surveys were made.  Sebastian et al. (2000) also
present estimates for Upper Arrow only, but rather than providing results for individual
years, the effort and catch are given as averages for the periods 1976-79, 1980-89, and
1990-97.  The first period is covered by the annual statistics presented in Appendix I.  The
latter two periods are included as annual estimates in Appendix I, although they represent
averages for multiple years' results and there is slight overlap of the 1980-89 period with the
results presented for 1980, 1981 and 1982 from Lindsey et al (1982).



Context for Management of Eutsuk Lake Rainbow Trout

41

For most years of Arrow Lakes angler surveys, effort was estimated as rod hours
only, rather than angler hours.  However, for 5 years both rod hours and angler hours were
presented, allowing an estimate of an average conversion factor of 1.17 rod hours per angler
hour to be applied to the rod hour estimates to derive angler hours for all years.  Similarly,
estimates of angler days were presented for 3 years, allowing the calculation of an average
angler day as 4.35 angler hours which was used as a conversion factor for years in which
only hours were reported.

Figure 6 of Arndt (2002) provides the size structure of the Arrow Reservoir rainbow
trout catch, and estimates that the total rainbow trout harvest was 1424 kg (0.03 kg/ha) for
1998 and 1148 kg (0.025 kg/ha) during 1999.

Bull trout (Salvelinus confluentus) and kokanee are also captured in the Arrow Lakes
fishery.  Andrusak (1976) suggested that unlike other large lakes in southern British
Columbia with multi-species sport fisheries, Arrow Lakes anglers generally do not target a
particular species, so the effort estimates have not been partitioned by species.

3.1.2. Babine Lake

Bustard (1987) presents Babine Lake creel survey results for the years 1985 and
1986.  Aerial counts of boats were combined with access point interviews of angling parties
to estimate total angling activity and catch.  Stratified random sampling, of days by season,
and of time of day for flights, was used to increase precision of results.  Recalculation from
tables and figures in Bustard (1987) was necessary to estimate the number of rainbow trout
harvested and released.  Because only angler days and not angler hours were presented for
1986 (Bustard 1987), a conversion factor of 4.92 hours per angler day was calculated from
the 1985 estimates and applied to estimate angler hours in 1986.

Figure 3.5 of Bustard (1987) provides the length structure of the checked harvest.
The average length of 265 harvested rainbow trout measured by the creel clerk in 1986 was
395 mm and the average weight was 807 g.  The largest harvested rainbow trout checked
during the survey was 71 cm in length and weighed 4 kg; rainbow trout longer than 50 cm
were 15% of the checked harvest.

The Babine Lake recreational fishery primarily targets rainbow trout and lake char
(Salvelinus namaycush) which together comprised greater than 80% of the checked catch in
1985 and 1986.  Some anglers in 1985 and 1986 were likely focusing their methods on lake
char, but no attempt was made to partition the activity by species.  The survey area also
included the reach of the upper Babine River known as Rainbow Alley, as well as Nilkitkwa
Lake downstream; no attempt has been made to separate those waters from the results but the
surface area of Nilkitkwa Lake has been added to that of Babine Lake for all area-based
calculations which use the data for this document.

3.1.3. Crescent Lake

The only full-season angler survey conducted on Lake Crescent occurred in 1976,
with results reproduced in Meyer and Fradkin (2002).  The methods used are not reported in
Meyer and Fradkin (2002), the harvested catch only is given and is aggregated (cutthroat and
rainbow trout pooled) rather than given by species.  Effort is reported as angler hours; to
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estimate angler days for this document, a conversion factor of 4.5 angler hours per angler day
was applied.

3.1.4. Kootenay Lake

Recreational fisheries on Kootenay Lake have been monitored annually in a
systematic fashion since 1966.  The lake's north arm, south arm and west arm are considered
as essentially separate fisheries.  Estimates of angler activity and success for Kootenay Lake
are presented in a number of technical reports, with Andrusak (1987) and Redfish Consulting
Ltd. (2002) providing compilations of results.

From 1966 to 1987, anglers were interviewed on the lake (or at access points) on days
selected using a stratified random design.  The results were extrapolated to annual totals,
expanded by 20% between 1967 and 1981 and 25% from 1982 onward to account for
"census inefficiency" (Andrusak 1987).  As for Arrow Lakes, the accuracy of the upward
adjustment is unknown.  The field-based survey of angling on Kootenay Lake was reduced
during the period 1987 to 1989, covering only the central area of the lake.  Between 1990 and
1999, the field survey was discontinued; it was resumed during 2000 and 2001 but restricted
to the months of April to June and September to December.

In addition to rainbow trout, Kootenay Lake has historically supported popular
fisheries for bull trout, kokanee, and rainbow trout.  However, the temporal and spatial
arrangement of the recreational fisheries on the lake, and their species-directed nature, have
allowed the activity to be apportioned among the species.  For rainbow trout, the effort and
catch are also sub-dividable between the pelagic piscivorous stock which inhabits the north
and south arms of the lake, and the omnivorous stock which occupies the west arm of the
lake.  Omnivorous stocks likely occupy the north and south arm nearshore areas, which are
also angled, so apportionment of effort and catch among stocks is only approximate.

Beginning in 1987, anglers who wished to retain rainbow trout over 50 cm in fork
length were required to purchase a special Kootenay Lake Rainbow Trout (KLRT) stamp for
their angling licence.  Information from stamp counterfoils allowed the province to conduct a
mail survey of KLRT stamp purchasers to estimate characteristics of the recreational fishery;
this survey was conducted each year between 1987 and 2002, with the exception of 1996 and
1997 (Redfish Consulting Ltd. 2002).  There are two important reasons why the mail surveys
for Kootenay Lake are not suited to comparison with field-based studies of recreational
fishery characteristics on other large lakes with pelagic piscivorous rainbow trout.  First, the
mail surveys sample only anglers who purchased a tag presumably wishing to harvest large
rainbow trout, and these anglers are an unknown proportion of all angling activity.  Second,
fishery characteristics estimated from post-licence-year mail surveys are known to display a
number of biases which may be moderate to severe, but which usually exaggerate activity
and catch (De Gisi 1999).

Reports of field-based angler surveys of Kootenay Lake provide the estimated total
number of rod hours each year.  To convert rod hours to angler days, two conversion factors
were needed.  Rod hours were converted to angler hours using the conversion factor from
Arrow Lake data (see section 3.1.1), as no Kootenay Lake data were available to estimate a
lake-specific conversion factor.  Angler hours were converted to angler days using the value
of 5 angler hours per angler day .  This is higher than the typical provincial value of 4 to 4.5
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hours per larger-lake angler day, but lower than the value of 5.5 hours per Kootenay Lake
angler day estimated from the KLRT mail survey which is likely biased upward.  Andrusak
(1987) reports only "caught and killed" fish, and implies that prior to 1985 all captured
rainbow trout were harvested, whereas "perhaps 1 - 2 hundred trout were released in 1985
and more in 1986".  For compilation in the present document, it was assumed that 150 north-
arm rainbow trout were released in 1985 and 200 in 1986.  All rainbow trout captured in the
south arm fishery were assumed to have been harvested.

3.1.5. Mabel Lake

The results of a creel survey on Mabel Lake in 1985 were reported by Jantz (1986).
The methods used to derive the estimates of effort and catch for 1985 were unconventional,
and it is difficult to assess the accuracy of the results.  Angling effort for the study was
reported in units of angler hours (Jantz 1986); to convert this to angler days an average angler
day was assumed to be 4 hours in length.

The harvested Mabel Lake rainbow trout checked by creel clerks weighed 1.2 kg on
average.  The largest rainbow trout checked weighed 5.0 kg.

3.1.6. Okanagan Lake

Estimates of angling activity and catch in the Okanagan Lake fishery are given by
Houston (1985) and Shepherd (1994).  Methods have varied, but have generally involved
aerial counts of boats combined with roving or access point interviews, the latter often
associated with angling derbies on the lake (Shepherd 1994).  Most angling activity on
Okanagan Lake targets either kokanee or rainbow trout; estimates of total effort are halved to
give species-specific effort.  For 1971, angling effort was reported only in units of angler
hours; a conversion factor of 4.56 angler hours per angler day was applied to the 1971
estimate, based on the average angler day length from Okanagan Lake estimates between
1978 and 1992.

3.1.7. Quesnel Lake

Quesnel Lake has not received a full-year survey of angling catch and effort to date
(Lirette undated).  Boat counts from overflights in eight years between 1987 and 2001 have
been used as an index of activity on the most heavily angled portion of the lake.  During
1996 and 2001, the complete lake received overflights between May and September,
allowing an estimate of the total angling activity (unit of angler days) during that period but
with no accompanying catch data.  Data from August and September 1982 suggest an angler
day on Quesnel Lake averages 4.1 hours (see next paragraph), which was used to convert
angler days to angler hours for the 1996 and 2001 estimates.  Lirette (undated) noted that the
period May to September does not encompass the entire fishery, and the amount of activity
outside of that period remains unknown.

Lirette (undated) remarked upon the dearth of angling catch data for Quesnel Lake.
He reported that in August and September of 1982, anglers captured 0.09 rainbow trout per
hour and 0.37 rainbow trout per day; again, it is unknown how these catch rates would
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compare to a full-year average.  During the same period, the average length of rainbow trout
harvested was 48.2 cm (n=89).  Information about catch rates in the fishery has also been
compiled from guide reports (Lirette undated) but it is unlikely they are reflective of catch
rates by unguided anglers.

During the 1980s, the Quesnel Lake fishery exploited kokanee, rainbow trout and
lake char (Lirette undated).  Kokanee comprised 60% of the sport catch in 1982 but no longer
contribute significantly to the fishery.  Lake char, however, may still make up a quarter or
more of the catch.

3.1.8. Shuswap Lake

Pankratz (1990) reported on an angler survey conducted on Shuswap Lake from April
through November 1990, using aerial counts of boats and access point interviews of anglers.
Renn and Bison (1994) give estimates of Shuswap Lake recreational fishery activity and
catch based on a mail survey in 1994 which was initiated simultaneously with the
requirement for purchase of a special angling licence to retain rainbow trout or char from
Shuswap Lake.  The mail survey is thus similar in concept and design to the Kootenay Lake
(KLRT) survey, and is not suited to comparison with field-based studies of recreational
fishery characteristics on other large lakes with pelagic piscivorous rainbow trout, for the
same reasons cited for the KLRT surveys.  Renn and Bison (1994) also provide Shuswap
Lake recreational fishery characteristics for 1988 and 1989.  No explanation is offered for the
methods used to derive the estimates for 1988 and 1989, but they are assumed to have been
made using the same process as 1990, involving aerial counts of boats and shore-based
interviews of anglers.

For 1990, effort was provided both as angler hours and angler days (Pankratz 1990),
allowing the estimation of a conversion factor of 3.5 angler hours per angler day for Shuswap
Lake.  This conversion factor was used to estimate angler hours from the angler day totals
given for 1988 and 1989 by Renn and Bison (1994).

The Shuswap Lake recreational fishery exploits rainbow trout, lake char, kokanee and
bull trout (Pankratz 1990).  The reported angling effort from creel surveys for the lake cannot
be partitioned by species, but the majority of anglers do appear to consider rainbow trout
their preferred species (Pankratz 1990).

3.2. Summary of Results

Raw estimates from pelagic piscivorous rainbow trout angling use studies cited in the
previous sections are compiled in Table 11 and Table 12 (Appendix I).  Table 11 includes all
available estimates; Table 12 excludes mail survey results for reasons given previously, as
well as partial-year studies which do not provide statistics suitable for comparison.  In
addition, Table 12 includes estimates derived from the application of unit conversion factors
(such as angler days to angler hours, and vice versa) which were noted in the previous
sections.

Summary statistics for estimates in Table 12 are presented in Table 10 and depicted
graphically in Figure 4, Figure 5, and Figure 6.  Depending on the parameter in question,
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from 66 to 73 values were suited to comparison.  Characteristics of Eutsuk Lake angling
effort and catch, estimated in De Gisi (2002), are also given in Table 10.

Eutsuk Lake recreational fishery estimates prior to 2003 used angler days and not
angler hours as the unit of effort, and no conversion factor is available or proposed.  The
remote location of the lake, and the fact that anglers overnight at camps or lodges on the lake
with few other activities to divert their attention, may lead to more angler hours per angler
day on average.  Data from the Eutsuk Lake study in 2003 should clarify this point.

Tentative results from data prior to 2003 suggest that Eutsuk Lake catch per angler
day, and harvest per angler day, are among the highest for large-lake pelagic piscivorous
rainbow trout fisheries reported to date (Table 10, Figure 5).  Per kilometre of lake surface
area, Eutsuk Lake angling effort and harvest in numbers of fish, appear among the lowest
(Table 10, Figure 4 and Figure 6).

Available estimates for Eutsuk Lake are very approximate and may be quite
inaccurate, for reasons given in De Gisi (2002).  As a result, the comparisons made here are
only tentative.  A complete angling use study for Eutsuk Lake with representative sampling
of anglers is needed before valid comparisons can be made.  The design for such a study for
2003 is presented in Section 3.3.

3.2.1. Other Issues

Mixed species fisheries and multiple stock fisheries complicate the interpretation of
angling use studies on many pelagic piscivorous rainbow trout lakes.  Most large lakes
appear to support multiple populations of rainbow trout which are reproductively discrete.
Often the younger (smaller) members of pelagic piscivorous stocks are angled in the same
places and seasons as smaller-bodied omnivorous rainbow trout stocks, though in some
waters such as Kootenay Lake and Babine Lake the stocks appear to be somewhat separable
by the portions of the lake which are typically occupied.  In most cases, however, it may be
impossible to separate the catch of pelagic piscivorous fish from the omnivorous rainbow
trout stocks.  Rainbow trout stock structure in Eutsuk Lake is completely unknown, but
smaller-bodied omnivorous stocks may be present, and separation cannot be made with the
available data.

Nearly all Eutsuk Lake recreational fishery effort is directed to the capture of rainbow
trout.  In addition to rainbow trout, species which are primary targets of anglers on one or
more of these large lakes include bull trout (Salvelinus confluentus), lake trout (S.
namaycush), cutthroat trout (O. clarki), and kokanee (O. nerka).  In some cases, the fisheries
for different species are temporally discrete by season of the year (Andrusak 1987).  For
instance, on Kootenay Lake most anglers target kokanee during the summer months, and
rainbow trout and bull trout during the spring and fall (Andrusak 1987).  In other cases
parties may target different species at distinct times on the same angling day, or even
simultaneously using different gear, and it can be difficult or impossible to determine how
much angling activity was intended for (and likely to result in) the capture of pelagic
piscivorous rainbow trout.  For this reason, caution must be exercised in between-lake
comparisons of effort estimates in particular.
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Table 10.  Summary statistics for angling use surveys of pelagic piscivorous rainbow trout
fisheries.  (Data are provided in Appendix I.)  For comparison, the final two rows of the table
provide very approximate estimates for the Eutsuk Lake, from De Gisi (2002).  Table
columns are annual total estimates as follows: Catch per angler hour is the number of
rainbow trout released or retained divided by the number of hours of angling effort; Harvest
per angler hour is the number of rainbow trout retained divided by the number of hours of
angling effort; Catch per angler day is the number of rainbow trout released or retained
divided by the number of days of angling effort; Harvest per angler day is the number of
rainbow trout retained divided by the number of days of angling effort; Annual harvest per
km2 is the number of rainbow trout retained divided by the surface area of the lake in square
kilometres; Annual angler hours per km2 is the number of hours of angling effort divided
by the surface area of the lake in square kilometres; Annual angler days per km2 is the
number of days of angling effort divided by the surface area of the lake in square kilometres.

Catch
per

angler
hour

Harvest
per

angler
hour

Catch
per

angler
day

Harvest
per

angler
day

Harvest
per

km2

Angler
hours per

km2

Angler
days per

km2

Minimum 0.03 0.03 0.13 0.13 3.8 42.7 9.8

Maximum 0.24 0.22 1.26 1.12 69.4 571 155

Mean 0.10 0.09 0.47 0.43 15.5 191 42

Median 0.09 0.08 0.38 0.36 10.4 149 30

Count 64 60 64 60 60 67 67

Eutsuk Lake  1990-2001

Minimum NA NA 1.80 0.73 2.1 NA 2.4

Maximum NA NA 3.97 1.14 3.6 NA 4.2
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Figure 4.  Annual total estimated angler hours per square kilometre of lake surface area (top
panel) and annual total estimated angler days per square kilometre of lake surface area
(bottom panel), for pelagic piscivorous rainbow trout recreational fishery surveys.  Bin labels
are the upper bounds of the categories; estimates are given in tables of Appendix I.
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Figure 5.  Average total catch of rainbow trout per angler hour and harvest of rainbow trout
per angler hour (top panel); and average total catch of rainbow trout per angler day and
harvest of rainbow trout per angler day (bottom panel), for pelagic piscivorous rainbow trout
recreational fishery surveys.  Catch includes both released and harvested fish.  Bin labels are
the upper bounds of the categories; estimates are given in tables of Appendix I.
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Figure 6.  Annual total number of rainbow trout harvested per square kilometre of lake
surface area, for pelagic piscivorous rainbow trout recreational fishery surveys.  Bin labels
are the upper bounds of the categories; estimates are given in tables of Appendix I.

3.3. Eutsuk Lake Angling Use

3.3.1. Characteristics of the Rainbow Trout Fishery

The recreational fishery on Eutsuk Lake was described in detail by De Gisi (2002).
The fishery is short in duration: June through mid-September in most years, with rainbow
trout essentially the sole target species.  Nearly all participation in the fishery occurs through
four portals:

1. Chikamin Portage is used by the dominant majority of unguided visitors to
Eutsuk Lake, including those who camp on the lake and others who purchase
accomodation at Pondosy Bay Lodge

2. Pondosy Bay Lodge receives a moderate number of guided clients whose
transportation to their facility is accomplished by floatplane or by the lodge's
vessels through Chikamin Portage.

3. West Coast Resorts transports all of its guided clients to its lodge by floatplane.

4. Tetachuck River allows access to Eutsuk Lake for a low to moderate number of
unguided anglers who camp on the lake or purchase accomodation at Pondosy
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Bay Lodge.  Because this entry point require traversing Redfern Rapids, which is
most safely accomplished in a jet-powered craft at high river discharge, its use is
a small fraction of the access which occurs by other portals.

Most angling on the lake is done by trolling plugs, spoons and spinners.  Downriggers
are a common method of trolling deeper strata near the thermocline, where piscivorous trout
are often found during daylight in the summer months.

3.3.2. Design of An Angling Use Study

The recommended design for an angling use study on Eutsuk Lake takes advantage of
the fact that most unguided visitors enter and exit the park via Chikamin Portage.  During
backcountry and winch fee payment collection there, each party is registered, party
characteristics are recorded, and a McBee identification number is assigned.  The design
involves distribution of an angling diary to each unguided visitor who is contacted by BC
Parks staff or the contract operator of Chikamin Portage.  Figure 16 through Figure 19 of
Appendix IV depict an eight page booklet comprising the diary and an information summary
about Eutsuk Lake rainbow trout and the angling use study.  For each day or portion of a day
present in the park, the visitor is asked to report whether or not angling was part of the day's
activities.  For each water angled, the hours spent angling and count of harvested and
released fish over and under 50 cm are to be recorded.

Because nearly all unguided visitors enter and exit the park at Chikamin Portage,
most diaries will be distributed and returned there.  Visitors who enter at Chikamin but plan
to exit via Tetachuck River will be provided return envelopes and asked to mail in their
completed diary for the same reward.  Ranger staff believe that during routine patrols on the
lake they encounter most unguided parties who both enter and exit Eutsuk Lake via
Tetachuck River (a minimal number in total); these parties will also be provided diaries and
return envelopes for their participation.

Guided anglers will not receive the diary, but the same information about their clients'
daily activity and size-specific catch is to be recorded by the lodges on a form developed for
that purpose (Appendix IV).  Finally, anglers who exit the park through Chikamin Portage
and have not completed the diary will be asked to participate in a brief interview to capture
information about their total activity and catch (not detailed by day), to be recorded on a
form developed for that purpose (Appendix IV).  Additional operational detail about the
study is also provided in Appendix IV.

3.3.2.1. Design Issues

The recommended design for an angling use study on Eutsuk Lake has several major
advantages as well as possible shortcomings.  Affordability is a positive aspect of the chosen
approach; use of aircraft for boat counts would be prohibitively expensive given the remote
location, as would employing a creel clerk with a dedicated vessel to conduct the study by
contacting anglers daily on the lake itself.

One disadvantage of the use of visitor diaries is that some anglers will complete the
form incorrectly, or fail to record some information.  However, interviews only at end of trip
rely on angler memory, which can create bias.  In addition, anglers are often hurried at end of
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their Eutsuk Lake visit: most want to conclude travel on the reservoir as soon as possible and
would be impatient at the prospect of an interview of each person.  Collection of phone-
numbers for follow-up interviews would be a potential approach, but this would create
concerns about privacy, the appearance of law enforcement  issues, and memory bias which
can be very severe.

Ideally, all visitors would complete and return the questionnaire, but angler survey
experience elsewhere suggests that a 50% to 60% return rate is more probable without a
significant incentive for participation.  For this reason, the use of custom-embroidered ball
caps is suggested to encourage compliance.

Unfortunately, the repeated distribution of angler survey cards in the past decade may
cause survey "fatigue" among repeat visitors, resulting in reduced participation.  The
proposed diary booklet explicitly acknowledges the value of previous years' data collections
so that anglers do have a sense that their contribution is of use to the management of the
fishery, and the reward for compliance should overcome some of the fatigue.  However, if
the survey is repeated in two consecutive years, use of the same reward will not be likely to
elicit equivalent enthusiasm from repeat visitors.  If the repeat visitors who choose not to
participate in the survey are not representative of the angler population at large in terms of
their activity and catch, then future results would be differentially biased; detection of that
type of non-response bias would be difficult.  An additional incentive for encouraging repeat
participation might thus be necessary for sequential-year studies but would not be
problematic if the survey is only implemented at a five to eight year interval as anticipated.
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Appendix I.  Angling Use Studies on Lake Supporting Pelagic Piscivorous Rainbow Trout

This appendix contains two tables of estimates extracted from technical reports which provide the results of angling use studies on
pelagic piscivorous rainbow trout lakes.

Table 11 (following pages).  All available results, including mail surveys and other studies not strictly comparable to a field-based
survey on Eutsuk Lake.
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Upper Arrow 1966 Andrusak 1976 NA NA 4,341 NA 571 May to September only. Access point survey,
but other details of method unknown. KO and
BT also important components of the fishery.

Upper Arrow 1967 Andrusak 1976 NA NA 4,341 NA 415 See comments for 1966.

Upper Arrow 1971 Andrusak 1976 NA NA 3,539 NA 716 See comments for 1966.

Upper Arrow 1972 Andrusak 1976 NA NA 2,616 NA 449 See comments for 1966.

Upper Arrow 1973 Andrusak 1976 NA NA 5,641 NA 775 September to December. Access point survey,
but other details of method unknown. KO and
BT also important components of the fishery.

Upper Arrow 1974 Andrusak 1976 NA NA 8,883 NA 698 See comments for 1966.

Upper Arrow 1976 Andrusak 1976 4,406 20,043 22,449 NA 1,935 Entire year. Access point survey, day selection
stratified random. Totals reflect exclusion of
angling effort for KO. Typographical error in
the original, leading to erroneous totals, was
also corrected.

Upper Arrow 1976 Lindsay 1982 NA NA 30,321 NA 2,419

Upper Arrow 1977 Lindsay 1982 NA NA 37,388 NA 3,506 Fishery mainly pursues BT and KO, as large-
bodied native RB population has declined and
stocked Gerrards are not yet abundant. Access
point survey. Day selection stratified random,
full coverage at a particular access point on a
sampled day. Arbitrary upward adjustment of
20% to account for incomplete coverage.

Upper Arrow 1978 Lindsay 1982 NA NA 32,748 NA 2,195 See Upper Arrow comments for 1977.

Upper Arrow 1979 Lindsay 1982 NA NA 37,795 NA 2,148 See Upper Arrow comments for 1977.

Upper Arrow 1980 Lindsay 1982 NA NA 39,715 NA 2,768 See Upper Arrow comments for 1977.

Upper Arrow 1981 Lindsay 1982 5,882 24,588 27,604
(34,505)

NA 1,838
(2,298)

See Upper Arrow comments for 1977.
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Upper Arrow 1982 Lindsay 1982 5,386 23,623 25,319
(30,383)

NA 1,518
(1,822)

See Upper Arrow comments for 1977.

Upper Arrow 1980-
89

Sebastian et al.
2000

NA NA 15,670 1,727 NA Annual averages for the years given.  There is
slight overlap with the above 3 years.

Upper Arrow 1990-
97

Sebastian et al.
2000

NA NA 16,495 1,740 NA Annual averages for the years given.

Arrow Res. 1998 Arndt 2002 10,223 44,508 48,255 2,171 1,884 Numbers reflect upward adjustment of 25% to
account for unsampled access points.

Arrow Res. 1999 Arndt 2002 9,139 37,826 41,075 2,130 1,766 Numbers reflect upward adjustment of 25% to
account for unsampled access points.

Babine 1985 Bustard 1987 20,906 102,835 NA 20,000 15,000 Includes Rainbow Alley and Nilkitkwa Lake.
Stratified random sampling of access points,
boat counts from overflights.

Babine 1986 Bustard 1987 14,600 NA NA 10,100 6,605 See comments for Babine Lake 1985.

Crescent 1976 Meyer and
Fradkin 2002

NA ~11,000 NA NA NA No estimate of angler days. Access point
survey.

Kootenay N. Arm 1968 Andrusak 1987 NA 33,720 NA 2,346 2,346 Rainbow trout only; effort and catch reflect a
20% upward adjustment in Andrusak (1987),
relative to their initial presentation in earlier
reports. Stratified random design for days/areas
sampled; roving creel clerk; arbitrary upward
adjustment of 20% for "inefficiency".

Kootenay N. Arm 1969 Andrusak 1987 NA 34,272 NA 2,116 2,116 See comments for 1968.

Kootenay N. Arm 1970 Andrusak 1987 NA 43,980 NA 2,197 2,197 See comments for 1968.

Kootenay N. Arm 1971 Andrusak 1987 NA 35,940 NA 1,948 1,948 See comments for 1968.

Kootenay N. Arm 1972 Andrusak 1987 NA 45,300 NA 1,132 1,132 See comments for 1968.

Kootenay N. Arm 1973 Andrusak 1987 NA 45,120 NA 1,004 1,004 See comments for 1968.
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Kootenay N. Arm 1974 Andrusak 1987 NA 26,129 NA 847 847 See comments for 1968.

Kootenay N. Arm 1975 Andrusak 1987 NA 27,720 NA 1,726 1,726 See comments for 1968.

Kootenay N. Arm 1976 Andrusak 1987 NA 28,098 NA 1,052 1,052 See comments for 1968.

Kootenay N. Arm 1977 Andrusak 1987 NA 35,142 NA 1,202 1,202 See comments for 1968.

Kootenay N. Arm 1978 Andrusak 1987 NA 36,745 NA 1,280 1,280 See comments for 1968.

Kootenay N. Arm 1979 Andrusak 1987 NA 42,823 NA 1,456 1,456 See comments for 1968.

Kootenay N. Arm 1980 Andrusak 1987 NA 42,161 NA 1,975 1,975 See comments for 1968.

Kootenay N. Arm 1981 Andrusak 1987 NA 50,148 NA 1,596 1,596 See comments for 1968.

Kootenay N. Arm 1982 Andrusak 1987 NA 32,803 NA 884 884 See comments for 1968.

Kootenay N. Arm 1983 Andrusak 1987 NA 27,730 NA 1,313 1,313 See comments for 1968.

Kootenay N. Arm 1984 Andrusak 1987 NA 29,392 NA 1,366 1,366 See comments for 1968.

Kootenay N. Arm 1985 Andrusak 1987 NA 23,310 NA NA 755 See comments for 1968.  Imposition of an
annual quota in 1985 believed to have resulted
in some catch and release, so total catch is
unknown.

Kootenay N. Arm 1986 Andrusak 1987 NA 29,090 NA NA 693 See comments for 1985.

Kootenay S. Arm 1968 Andrusak 1987 NA 14,760 NA 2,820 2,820 Rainbow trout only; effort and catch reflect a
20% upward adjustment in Andrusak (1987),
relative to their initial presentation in earlier
reports. Stratified random design for days/areas
sampled; roving creel clerk; arbitrary upward
adjustment of 20% for "inefficiency".

Kootenay S. Arm 1969 Andrusak 1987 NA 18,923 NA 2,442 2,442 See comments for Kootenay S. Arm 1968.

Kootenay S. Arm 1970 Andrusak 1987 NA 15,162 NA 2,596 2,596 See comments for 1968.

Kootenay S. Arm 1971 Andrusak 1987 NA 21,518 NA 3,407 3,407 See comments for 1968.

Kootenay S. Arm 1972 Andrusak 1987 NA 15,764 NA 1,730 1,730 See comments for 1968.
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Kootenay S. Arm 1973 Andrusak 1987 NA 23,093 NA 3,194 3,194 See comments for 1968.

Kootenay S. Arm 1974 Andrusak 1987 NA 17,812 NA 1,967 1,967 See comments for 1968.

Kootenay S. Arm 1975 Andrusak 1987 NA 15,937 NA 1,817 1,817 See comments for 1968.

Kootenay S. Arm 1976 Andrusak 1987 NA 30,251 NA 3,616 3,616 See comments for 1968.

Kootenay S. Arm 1977 Andrusak 1987 NA 28,332 NA 2,736 2,736 See comments for 1968.

Kootenay S. Arm 1978 Andrusak 1987 NA 34,031 NA 2,134 2,134 See comments for 1968.

Kootenay S. Arm 1979 Andrusak 1987 NA 33,347 NA 1,889 1,889 See comments for 1968.

Kootenay S. Arm 1980 Andrusak 1987 NA 31,222 NA 2,406 2,406 See comments for 1968.

Kootenay S. Arm 1981 Andrusak 1987 NA 38,419 NA 2,334 2,334 See comments for 1968.

Kootenay S. Arm 1982 Andrusak 1987 NA 39,886 NA 3,285 3,285 See comments for 1968.

Kootenay S. Arm 1983 Andrusak 1987 NA 43,013 NA 3,591 3,591 See comments for 1968.

Kootenay S. Arm 1984 Andrusak 1987 NA 31,781 NA 1,740 1,740 See comments for 1968.

Kootenay S. Arm 1985 Andrusak 1987 NA 22,935 NA 1,105 1,105 See comments for 1968.

Kootenay S. Arm 1986 Andrusak 1987 NA 23,366 NA 1,086 1,086 See comments for 1968.

Kootenay 1990 Redfish Cons.
Ltd. 2002

72,824 371,402 NA 10,428 3,846 Estimates from postal survey of responding
anglers who purchased a KLRT licence; only
purchased by anglers who wish to be able to
retain trout/char over 50cm; catch and harvest
only include fish >50cm.

Kootenay 1991 Redfish Cons.
Ltd. 2002

51,289 261,574 NA 7,600 3,189 See comments for 1990.

Kootenay 1992 Redfish Cons.
Ltd. 2002

42,411 267,294 NA 6,713 2,518 See comments for 1990.

Kootenay 1993 Redfish Cons.
Ltd. 2002

51,056 256,981 NA 7,683 3,070 See comments for 1990.
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Kootenay 1994 Redfish Cons.
Ltd. 2002

28,511 150,109 NA 6,152 2,370 See comments for 1990.

Kootenay 1995 Redfish Cons.
Ltd. 2002

29,490 149,514 NA 8,097 2,796 See comments for 1990.

Kootenay 1998 Redfish Cons.
Ltd. 2002

49,069 287,396 NA 14,760 3,804 See comments for 1990.

Kootenay 1999 Redfish Cons.
Ltd. 2002

44,232 271,354 NA 12,920 3,611 See comments for 1990.

Kootenay 2000 Redfish Cons.
Ltd. 2002

39,007 232,343 NA 7,493 2,606 See comments for 1990.

Kootenay 2001 Redfish Cons.
Ltd. 2002

34,063 192,340 NA 5,798 2,159 See comments for 1990.

Mabel 1984 Jantz 1986 NA 34,174 NA NA 3,063 April through September. Hybrid method with a
variety of sources.

Okanagan 1971 Shepherd 1994 NA 94,000 NA 8,000 8,000 Effort estimate is for rainbow trout only, and
reflects assumption that half of lakewide effort
assumed to be for kokanee, half for rainbow
trout. Overflight boat counts with a variety of
interview contact methods.

Okanagan 1978 Houston 1985 22,170 95,331 NA 7,626 7,626 May-September only; half of all effort assumed
to be directed at rainbow trout; all catch
assumed to be harvested. Overflight boat counts
with roving interviews on the lake.

Okanagan 1979 Houston 1985 20,154 86,661 NA 8,666 8,666 See comments for 1978.

Okanagan 1980 Houston 1985 30,490 131,098 NA 13,109 13,109 May-September only; half of all effort assumed
to be directed at rainbow trout; all catch
assumed to be harvested. Overflight boat counts
with roving interviews on the lake.
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Okanagan 1988 Shepherd 1994 36,000 144,000 NA 23,000 20,000 Effort estimate is for rainbow trout only, and
reflects assumption that half of lakewide effort
assumed to be for kokanee, half for rainbow
trout. Overflight boat counts with a variety of
interview contact methods.

Okanagan 1989 Shepherd 1994 33,333 140,000 NA 34,000 25,000 Effort estimate is for rainbow trout only, and
reflects assumption that half of lakewide effort
assumed to be for kokanee, half for rainbow
trout. Inclusion of winter catch rates lowers the
average annual catch rate considerably.
Overflight boat counts with a variety of
interview contact methods.

Okanagan 1990 Shepherd 1994 15,849 84,000 NA 20,000 15,000 See comments for 1989.

Okanagan 1991 Shepherd 1994 24,038 125,000 NA 28,000 23,000 See comments for 1989.

Okanagan 1992 Shepherd 1994 22,857 128,000 NA 21,000 14,000 See comments for 1989.

Quesnel 1996 Lirette Undated 17,676 NA NA NA NA May to September, which is not the full season.
Overflight boat counts of entire lake. No catch
estimation attempted.

Quesnel 2001 Lirette Undated 20,546 NA NA NA NA See comments for 1996.

Shuswap 1988 Renn and Bison
1994

45,000 NA NA 16,000 NA Assumed same as 1990.

Shuswap 1989 Renn and Bison
1994

40,000 NA NA 11,000 NA  Assumed same as 1990.

Shuswap 1990 Pankratz 1990 42,045 147,156 NA 9,652 8,216  Access point interviews combined with
overflight boat counts.

Shuswap 1994 Renn and Bison
1994

31,917 NA NA 22,513 1,514  Mail survey, only includes responding anglers
who purchased a special tag allowing harvest.
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Table 12 (following pages).  Angling survey results on pelagic piscivorous rainbow trout lakes, judged suitable as context for an
angling use study on Eutsuk Lake.  Mail surveys were eliminated as were studies which did not encompass (or nearly so) a full
angling year.  As well, conversion factors were applied to obtain angler days from angler hours or vice versa, and in some cases total
catch was estimated by applying a conversion factor to harvested catch.  These estimates were the basis for Figure 4 through Figure 6
and summary statistics of Table 10.
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Upper Arrow Lake 1976 4,406 20,043 2,150 1,935

Upper Arrow Lake 1977 7,318 31,869 3,896 3,506

Upper Arrow Lake 1978 6,410 27,914 2,439 2,195

Upper Arrow Lake 1979 7,398 32,216 2,387 2,148

Upper Arrow Lake 1980 7,774 33,852 3,076 2,768

Upper Arrow Lake 1981 5,882 24,588 2,553 2,298

Upper Arrow Lake 1982 5,386 23,623 2,024 1,822

Upper Arrow Lake 1980-89 3,067 13,357 1,727 NA

Upper Arrow Lake 1990-97 3,229 14,060 1,740 NA

Arrow Res. 1998 10,223 44,508 2,171 1,884

Arrow Res. 1999 9,139 37,826 2,130 1,766

Babine 1985 20,906 102,835 20,000 15,000

Babine 1986 14,600 71,816 10,100 6,605

Crescent 1976 2,444 11,000 NA NA

Kootenay - N. Arm 1968 5,748 28,742 2,346 2,346

Kootenay - N. Arm 1969 5,843 29,213 2,116 2,116

Kootenay - N. Arm 1970 7,498 37,488 2,197 2,197

Kootenay - N. Arm 1971 6,127 30,635 1,948 1,948

Kootenay - N. Arm 1972 7,723 38,613 1,132 1,132

Kootenay - N. Arm 1973 7,692 38,460 1,004 1,004

Kootenay - N. Arm 1974 4,454 22,272 847 847
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Kootenay - N. Arm 1975 4,726 23,628 1,726 1,726

Kootenay - N. Arm 1976 4,790 23,950 1,052 1,052

Kootenay - N. Arm 1977 5,991 29,954 1,202 1,202

Kootenay - N. Arm 1978 6,264 31,321 1,280 1,280

Kootenay - N. Arm 1979 7,300 36,502 1,456 1,456

Kootenay - N. Arm 1980 7,187 35,937 1,975 1,975

Kootenay - N. Arm 1981 8,549 42,745 1,596 1,596

Kootenay - N. Arm 1982 5,592 27,961 884 884

Kootenay - N. Arm 1983 4,727 23,637 1,313 1,313

Kootenay - N. Arm 1984 5,011 25,053 1,366 1,366

Kootenay - N. Arm 1985 3,974 19,869 905 755

Kootenay - N. Arm 1986 4,959 24,796 893 693

Kootenay - S. Arm 1968 2,516 12,581 2,820 2,820

Kootenay - S. Arm 1969 3,226 16,130 2,442 2,442

Kootenay - S. Arm 1970 2,585 12,924 2,596 2,596

Kootenay - S. Arm 1971 3,668 18,342 3,407 3,407

Kootenay - S. Arm 1972 2,687 13,437 1,730 1,730

Kootenay - S. Arm 1973 3,937 19,684 3,194 3,194

Kootenay - S. Arm 1974 3,037 15,183 1,967 1,967

Kootenay - S. Arm 1975 2,717 13,584 1,817 1,817

Kootenay - S. Arm 1976 5,157 25,785 3,616 3,616
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Kootenay - S. Arm 1977 4,830 24,150 2,736 2,736

Kootenay - S. Arm 1978 5,801 29,007 2,134 2,134

Kootenay - S. Arm 1979 5,685 28,424 1,889 1,889

Kootenay - S. Arm 1980 5,323 26,613 2,406 2,406

Kootenay - S. Arm 1981 6,550 32,748 2,334 2,334

Kootenay - S. Arm 1982 6,800 33,998 3,285 3,285

Kootenay - S. Arm 1983 7,333 36,664 3,591 3,591

Kootenay - S. Arm 1984 5,418 27,090 1,740 1,740

Kootenay - S. Arm 1985 3,910 19,549 1,105 1,105

Kootenay - S. Arm 1986 3,983 19,917 1,086 1,086

Mabel 1984 8,544 34,174 3,403 3,063

Okanagan 1971 20,619 94,000 8,000 8,000

Okanagan 1978 22,170 95,331 7,626 7,626

Okanagan 1979 20,154 86,661 8,666 8,666

Okanagan 1980 30,488 131,098 13,109 13,109

Okanagan 1988 36,000 144,000 23,000 20,000

Okanagan 1989 33,333 140,000 34,000 25,000

Okanagan 1990 15,849 84,000 20,000 15,000

Okanagan 1991 24,038 125,000 28,000 23,000

Okanagan 1992 22,857 128,000 21,000 14,000

Quesnel 1996 17,676 72,668 NA NA
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Quesnel 2001 20,546 84,467 NA NA

Shuswap 1988 45,000 157,498 16,000 NA

Shuswap 1989 40,000 139,999 11,000 NA

Shuswap 1990 42,045 147,156 9,652 8,216
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Appendix II.  Daily Mean Discharge Data for Known Pelagic Piscivorous Rainbow Trout Spawning Streams

Table 13.  Discharge data available from Water Survey of Canada Stations on streams believed to support spawning of pelagic
piscivorous rainbow trout.  Start and End dates encompass periods with coverage of one or more complete years of continuous data;
non-contiguous periods for the same station are shown on adjacent rows of the table.  When no Start and End date are shown, the
available data do not encompass a full year and the number of incomplete years is given in parentheses in the Years column.

Lake Stream Location Station Start End Years

Kootenay Lardeau R immed d/s Trout L
Marblehead

08NH066
08NH007

13-May-1934
1-Apr-1917
1-Aug-1945

12-May-1955
31-Mar-1918
31-Jul-1996

21
1

51

Okanagan Mission C ~1 km d/s Gallaghers Falls 08NM016 28-Jan-1941 27-Jan-1946 5

Shuswap Eagle R

Scotch C

town of Malakwa

~ 4 km u/s of mouth

08LE024

08LE030

13-Apr-1955
25-Jun-1965

12-Apr-1956
24-Jun-2000

1
35

(3)

Quesnel Horsefly R

Horsefly R

McKinley C

Mitchell R

immed u/s McKinley C

town of Horsefly (~24 km u/s of mouth)

immed d/s McKinley L

immed d/s Mitchell L

08KH010

08KH007

08KH020

08KH014

1-Jun-1955
1-Oct-1964

23-Dec-1948
1-Apr-1951

1-Oct-1964

1-Jun-1961
30-Jun-1964
1-May-1967

30-Apr-1957
30_Sep-2000

22-Dec-1949
31-Mar-1957

30-Sep-2000

31-May-1963
29-Jun-1965
30-Apr-1982

2
36

1
6

36

2
1

15
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Table 13 continued.  Discharge data available from Water Survey of Canada Stations on streams believed to support spawning of
pelagic piscivorous rainbow trout.  Tetachuck River (the outlet of Eutsuk Lake) is not a confirmed spawning stream of this type but is
also shown for comparison.

Lake Stream Location Station Start End Years

Eutsuk L Tetachuck R immed d/s Eutsuk L 08JA028 1-Jan-1993 31-Dec-1995 3

Kamloops Barriere R d/s Lee C confl
immed u/s of E. Barriere R confl

08LB068
08LB069 1-Jun-1964

9-Oct-1967
31-May-1967

8-Oct-2000

(1)
3

33

Mabel Duteau C

Bessette C

~13 km u/s Bessette C confl

immed d/s Duteau C confl

08LC006

08LC042

3-Apr-1973

3-Apr-1973

2-Apr-1996

2-Apr-2000

23

27

Bonaparte Bonaparte R immed d/s Bonaparte L
~ 18 km d/s Bonaparte L

08LF097
08LF062 16-Sep-1960 15-Sep-1995

(2)

Crescent Lyre R immed d/s L Crescent N/A 1-Jan-1918 31-Dec-1927 10

Khtada Khtada R ~ 5 km d/s Khtada L 08EG003 9-Apr-1930 8-Apr-1931 1
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Figure 7.  Average daily mean discharge at stations on Khtada River, Lyre River, and Bonaparte River .  Details of data are provided
in Table 13 and Table 8.  In each plot, the vertical position of the x-axis shows the median daily mean flow for the station.  Where

relevant, the date when the daily mean discharge exceeds the annual median is indicated by an arrow.
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Horsefly R at Horsefly - 08KH007
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Horsefly R u/s of McKinley C - 08KH010
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Mitchell R below Mitchell L - 08KH014

0

5

10

15

20

25

30

35

40

01
-0

1

01
-2

1

02
-1

0

03
-0

2

03
-2

2

04
-1

1

05
-0

1

05
-2

1

06
-1

0

06
-3

0

07
-2

0

08
-0

9

08
-2

9

09
-1

8

10
-0

8

10
-2

8

11
-1

7

12
-0

7

12
-2

7

Date

D
is

ch
ar

g
e 

(m
3  / 

se
c)

McKinley Creek - 08KH020
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Figure 8.  Average daily mean discharge at stations on Horsefly River, Mitchell River, and McKinley Creek .  Details of data are
provided in Table 13 and Table 8.  In each plot, the vertical position of the x-axis shows the median daily mean flow for the station.

Where relevant, the date when the daily mean discharge exceeds the annual median is indicated by an arrow.
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Duteau Creek - 08LC006
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Bessette Creek - 08LC042
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Eagle R near Malakwa - 08LE024
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Scotch C near Sorrento - 08LE030
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Figure 9.  Average daily mean discharge at stations on Bessette Creek, Duteau Creek, Scotch Creek and Eagle River.  Details of data
are provided in Table 13 and Table 8.  In each plot, the vertical position of the x-axis shows the median daily mean flow for the

station.  Where relevant, the date when the daily mean discharge exceeds the annual median is indicated by an arrow.
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Barriere River - 08LB069
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Lardeau River - 08NH066

0

10

20

30

40

50

60

70

80

90

100

01
-0

1

01
-2

1

02
-1

0

03
-0

2

03
-2

2

04
-1

1

05
-0

1

05
-2

1

06
-1

0

06
-3

0

07
-2

0

08
-0

9

08
-2

9

09
-1

8

10
-0

8

10
-2

8

11
-1

7

12
-0

7

12
-2

7

Date

D
is

ch
ar

g
e 

(m
3  / 

se
c)

Mission Creek - 08NM016
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Lardeau River - 08NH007
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Figure 10.  Average daily mean discharge at stations on Barriere River, Mission Creek, and Lardeau River.  Details of data are
provided in Table 13 and Table 8.  In each plot, the vertical position of the x-axis shows the median daily mean flow for the station.

Where relevant, the date when the daily mean discharge exceeds the annual median is indicated by an arrow.
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Appendix III.  Lardeau River (Gerrard) Spawning Timing
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Figure 11.  Upper panel: day of peak rainbow trout spawning count at Gerrard, Lardeau River,
1961 to 2002; day 115 is 25-April, day 140 is 20-May.  Lower panel: water level (staff gauge) on

day of  peak rainbow trout spawning count at Gerrard, Lardeau River, 1961 to 2002.  Note
change in y-axis scale between 1982 and 1983, when a new staff gauge was installed.
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Figure 12.  Water temperature (°C) at peak rainbow trout spawner count, Lardeau River at
Gerrard, 1961 to 2002.  The solid line shows the average temperature on the day of the peak
count; the dashed line shows the average for the five-day period centred on the peak.
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Figure 13.  Relationship between day of year of rainbow trout spawner peak count, and the first
day in which the average Lardeau River water temperature exceeded 5°C at Gerrard 1962-2002.
Days are numbered such that January 1 is day 1, January 2 is day 2, and so forth.
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Gerrard Water Level 1962-1982
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Gerrard Water Level 1983-2002
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Figure 14.  Upper panel: relationship between day of year of peak spawner count and the first
day in which the average Lardeau River water level gauge reading exceed 1.9 at Gerrard, 1962-
1982.  Lower panel: relationship between day of year of peak spawner count and the first day in
which the average Lardeau River water level gauge reading exceed 1.0 at Gerrard, 1983-2002.
(The Gerrard staff gauge was altered between 1982 and 1983).  For both panels, days are
numbered such that January 1 is day 1, January 2 is day 2, and so forth.
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Gerrard 1961-1982
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Figure 15.  Relationship between the average Lardeau River water temperature at Gerrard in the
five-day period centred on the day of peak rainbow trout spawner count (horizontal axis), and the
average water level at Gerrard during the same period (vertical axis).  The upper panel shows
1961 to 1982 data and the lower panel shows 1983-2002 data, because the Gerrard staff gauge
was altered between 1982 and 1983
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Appendix IV.  Eutsuk Lake Angler Survey

Following the operational instructions for the 2003 Eutsuk Lake Angling Use Survey (below),
Figure 16 through Figure 19 depict the diary and information summary to be distributed to
visitors entering Tweedsmuir Park via the Chikamin Bay rail portage from the Nechako
Reservoir.  The format of the diary is an eight page booklet.  The booklet is printed on two sheets
of legal-sized water-resistant paper which are folded in half, nested and stapled.  The booklet
also provides information about the rainbow trout tagging program to be implemented in Eutsuk
Lake, Pondosy Lake and Tetachuck River (also known as Redfern River) beginning in 2003, and
allows anglers to record the details of any tagged fish they may catch during their visit.

Operational Instructions for Angling Use Survey

I.  Parties which enter and exit Tweedsmuir Park through Chikamin Bay portage

(1)  When these parties enter the park:

• Inform visitors that fisheries studies are underway on the rainbow trout of Eutsuk Lake
and connected waters.

• Distribute one survey booklet and pencil for each person in the party.  Explain to visitors
that if they read, complete and return the survey booklet, they will each receive a
Tweedsmuir cap in thanks for their cooperation.

• Explain also to visitors that if they are not able to complete the booklet, they will still be
asked to verbally answer a short series of questions about their fishing activity and catch,
so they should allow a few extra minutes for this interview on their trip out of the park.

• Record the details of the party's trip (entry) on the "Chikamin Portage Visitors" sheet.

(2)  When these parties exit the park

• Collect completed booklets, and after assessing for adequate completion, distribute caps.
Thank anglers for their cooperation.

• Interview each person who has not completed a booklet, asking questions which are
implied by the "Chikamin Portage Interviews" datasheet.  Thank anglers for their
cooperation in an interview.

• Record the remaining details of the party's trip on the "Chikamin Portage Visitors" sheet,
including how many booklets were returned, how many interviews completed, and so
forth.

• After the party has departed, record the Party ID number on the lower right-hand corner
of any booklets that were completed and returned.
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II.  Parties which enter Tweedsmuir Park through Chikamin Bay Portage, but plan to exit
through the Tetachuck River

When these parties enter the park:

• Inform visitors that fisheries studies are underway on the rainbow trout of Eutsuk Lake
and connected waters.

• Distribute one survey booklet and pencil for each person in the party, and one or more
stamped return envelopes (one envelope for each family, or group of persons who reside
together).  Explain to visitors that if they read, complete and return the survey booklet by
mail, including their mailing addresses, they will each receive a Tweedsmuir cap by mail
in thanks for their cooperation.

• Record the details of the party's trip (entry and planned exit) on the "Chikamin Portage
Visitors" sheet

                                                                                                                                                         

III.  Parties which exit through Chikamin Bay Portage after having entered Tweedsmuir Park
through the Tetachuck River

Parties having entered Tweedsmuir by Redfern which are encountered by Park Rangers on
their patrols should receive survey booklets and pencils from the Rangers, along with a brief
explanation of the study and the information that a cap will be given to anyone who completes
the form.

When parties who entered at Redfern exit the park at Chikamin:

(1)  If a party has received survey booklets from Park Rangers encountered earlier in their trip,
collect any completed booklets along with other information needed for the party record in the
"Chikamin Portage Visitors" sheet.

(2)  If booklets were not received earlier in the trip or have not been completed, record the
party visit details on the "Chikamin Portage Visitors" sheet and conduct interviews of all
members who consent, recording the information on the "Chikamin Portage Interviews" sheet.

                                                                                                                                                         

IV.  Parties which enter and exit through Tetachuck River, but are encountered by BC Park
Rangers during their patrols on Eutsuk Lake

When these parties are encountered by Park Rangers:

• Inform visitors that fisheries studies are underway on the rainbow trout of Eutsuk Lake
and connected waters.

• Distribute one survey booklet and pencil for each person in the party, and one or more
stamped return envelopes (one envelope for each family, or group of persons who reside
together).  Explain to visitors that if they read, complete and return the survey booklet by
mail, including their mailing addresses, they will each receive a Tweedsmuir cap by mail
in thanks for their cooperation.

• Record the details of the party's trip (number of persons, entry date, and planned exit
date) on the "Chikamin Portage Visitors" sheet.
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Figure 16.  Back cover (left) and front cover (right) of Eutsuk Lake angler survey to be distributed at Chikamin Bay rail portage,
entrance to Tweedsmuir Park, summer 2003.
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Figure 17.  Page 2 (left) and page 7 (right) of Eutsuk Lake angler survey booklet to be distributed at Chikamin Bay rail portage,
entrance to Tweedsmuir Park, summer 2003.
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Figure 18.  Page 6 (left) and page 3 (right) of Eutsuk Lake angler survey booklet to be distributed at Chikamin Bay rail portage,
entrance to Tweedsmuir Park, summer 2003.
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Figure 19.  Page 4 (left) and page 5 (right) of Eutsuk Lake angler survey booklet to be distributed at Chikamin Bay rail portage,
entrance to Tweedsmuir Park, summer 2003.
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Year_________ Page_________

Party 
ID

# 
Persons

Entry Date Destination Exit Date # Completed 
Booklets

#  
Interviewed

# No 
Data

# Didn't 
Angle

Comments

Figure 20.  "Chikamin Portage Visitors" data form to be used to record the visit and angling activity details of parties who enter
and/or exit Tweedsmuir Park at Chikamin Portage, summer 2003.
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Instructions for the Form "Chikamin Portage Visitors"

The purposes of this form are
• to maintain a complete record of visitor days associated with entries/exits

through Chikamin Portage, and
• to provide a means of connecting completed angler survey booklets, and

angler interviews, with specific party entry/exit information

(1)  Party ID:  assign a unique number to each party that transits Chikamin Portage.
The "Party ID" number will be written in the lower right hand corner of any angler
survey booklets which are completed and returned by this party, after they are received
by Parks staff or the Facility Operator.  (There is no need to provide the Party ID number
to visitors; it is assumed that by the recorded details of vessel type and so forth that each
party will be identifiable when exiting the park.)

(2)  # of Persons:  total number of persons in the party

(3)  Entry Date:  date that the party entered the park

(4)  Destination:  destination of the party.  Consistent abbreviations may be used, for
example PBL = Pondosy Bay Lodge, SCB = Sand Cabin Bay, etc., as long as the
meaning is noted somewhere on the survey forms.

(5)  Exit Date:  date that the party left the park (or expected to leave if exiting through
Redfern)

(6)  # Completed Booklets:  total number of completed survey booklets returned by the
party when exiting

(7)  # Interviewed:  number of persons who did not return a completed booklet but
consented to an interview about their angling activity

(8)  # No Data:  number of persons who did not return a completed survey and could not
be interviewed

(9)  # Didn't Angle:  number of persons who did not complete a booklet and did not
angle while in the park.

(10)  Comments:  any other details about the party, such as whether they entered or
exited through Redfern for parties making a circle trip, or whether guided or unguided if
their destination is Pondosy Bay Lodge.

Figure 21.  Instructions for the form "Chikamin Portage Visitors".



Context for Management of Eutsuk Lake Rainbow Trout

92

Year_________ Page_________

Released Kept Released Kept

Rainbow Trout 
Over 50 cm Comments

# Days 
Fished

Party ID Name of Lake or River
Rainbow Trout 

Up to 50 cmPerson ID

Figure 22.  "Chikamin Interviews" data form to be used to record summaries of angling activity of anglers who enter and/or exit
Tweedsmuir Park at Chikamin Portage but fail to complete a survey booklet, summer 2003.
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Instructions for the Form "Chikamin Portage Interviews"

The purpose of this form is to record information from exiting anglers who did not
complete a survey booklet, but who do consent to a brief interview about their angling
activity.

(1)  Party ID:  this number is originally assigned when completing the "Chikamin Party
Visitors" form, used to distinguish parties from each other.  Filling in the respective Party
ID number in this interview form allows the connection of the information on this form
back to the "Chikamin Party Visitors" form.

(2)  Person ID:  assign a unique letter to this person, within the party.  For example, if
three persons within a particular party are interviewed, label them A, B and C.  This ID is
needed because some individuals will have angled more than one lake or river during
their visit and will thus have more than one row in the form for their data.  The use of the
"Person ID" column will ensure that the grouping of the recorded activity is clear.

(3)  Name of Lake or River:  name of the lake or river which was angled.

(4)  # Days Fished:  number of days that this individual angled on this particular lake or
river during this visit to the park

(5)  Rainbow Trout Up to 50cm Released:  number of rainbow trout up to 50cm angled
and released by this individual on this lake or river during this visit to the park

(6)  Rainbow Trout Up to 50cm Kept:  number of rainbow trout up to 50cm angled and
retained (harvested) by this individual on this lake or river during this visit to the park

(7)   Rainbow Trout Over 50cm Released:  number of rainbow trout over 50cm angled
and released by this individual on this lake or river during this visit to the park

(8)  Rainbow Trout Over 50cm Kept:  number of rainbow trout over 50cm angled and
retained (harvested) by this individual on this lake or river during this visit to the park

(9)  Comments:  any additional information about this angler and/or his activity

Figure 23.  Instructions for the form "Chikamin Portage Interviews".
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Lodge name______________________ Year_________ Page_________

Released Kept Released Kept
Comments  Angler Name Date Name of Lake or River

Hours 
Fished

Rainbow Trout Up to 
50 cm in Length

Rainbow Trout Over 
50 cm in Length

Figure 24.  Data form to be used by angling lodge staff to record daily details of angling activity of guided anglers, who enter and/or
exit Tweedsmuir Park by charter flight directly to the lodges.
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Instructions for the Form "Guided Angler Activity"

The purpose of this form is to record detailed day-by-day information about the activity
and catch of guided anglers on Eutsuk Lake, Redfern River and Pondosy Lake.

Please use one row of the form for each date that an angler fished on a particular one of
these lakes or rivers.  In other words, if an angler fished on both Eutsuk Lake and
Pondosy Lake on the same day, use one row of the form for each lake; similarly, if an
angler fished both Eutsuk Lake and Redfern River, use one line of the form for his
activity that date on Eutsuk Lake and one line for his activity that date on Redfern River.

(1)  Angler name:  the first initial and last name (surname) of the angler are sufficient,
for example R. Johnson or J. Wilson.  We are not interested in the identity of the angler,
but need to be able to summarize the information by individual angler.

(2)  Date:  day and month of this angling activity

(3)  Lake or River:  name of the lake or river which was angled.  For this survey, we are
only interested in activity on Eutsuk Lake, Pondosy Lake, and Redfern River.

(4)  Hours Fished:  number of hours that this individual angled on this particular lake or
river on this date. Please include only angling time and not the time used to travel to and
from the location(s) angled.

(5)  Rainbow Trout Up to 50cm Released:  number of rainbow trout up to 50cm in
length which were angled and released by this individual, on this lake or river on this
date.

(6)  Rainbow Trout Up to 50cm Kept:  number of rainbow trout up to 50cm in length
which were angled and retained (harvested) by this individual, on this lake or river on this
date.

(7)   Rainbow Trout Over 50cm Released:  number of rainbow trout over 50cm in
length which were angled and released by this individual, on this lake or river on this date

(8)  Rainbow Trout Over 50cm Kept:  number of rainbow trout over 50cm in length
which were angled and retained (harvested) by this individual, on this lake or river on this
date.

(9)  Comments:  any additional information about this angler and/or his activity on this
lake or river, on this date.  This column of the form may be left blank in many cases.

Figure 25.  Instructions for the form "Guided Angler Activity".
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Appendix V.  Eutsuk Lake Rainbow Trout Tagging Form

Year____________ Organization____________________

Colour Number
Other Information

TagName of Lake 
or River

Date
Fish 

Length
Location Notes

Instructions For Recording Tagging Information

Year:  the calendar year in which the fish listed on this sheet were tagged.

Organization:  the name of the organization applying the tags.  Abbreviations can be used, for example
PBL = Pondosy Bay Lodge;  WCR = West Coast Resorts;  GP = Gary Pittman;  BCP =  BC Parks.

Date:  day and month this fish was tagged, for example 28-July or 15-Aug (year not needed here).

Name of Lake or River:  name of the lake or river where this fish was caught.  Abbreviations can be used,
for example  EL = Eutsuk Lake, PL = Pondosy Lake, and RR= Redfern River.

Location:  location (within the lake or river ) near which this fish was tagged and released, for example Sand
Cabin Bay, Blackwell Point, Pondosy Bay, and so forth.

Tag Colour:  colour of tag body.  Abbreviations can be used,  for example  G = green, B = blue, Y = yellow,
and so forth.

Tag Number:  serial number of the tag, including any leading zeros.

Length of Fish:  approximate nose-to-fork length of fish, in centimetres.  If you measure the fish in inches
instead of centimetres, please be sure to record 'in' or the double quote mark (") after the length to show
that it is inches and not centimetres.

Other Information:  additional information about this fish or its tagging, such as the name of the tagger,
condition of the fish, angling method, etc.

Figure 26.  Data form (form front at top, back at bottom) for anchor tagging of rainbow trout
caught in Eutsuk Lake, Pondosy Lake, and Tetachuck River, summer


