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ABSTRACT
Rosenau, M.L. 2014. Nearshore habitat utilization by spawning lake char and rearing rainbow
trout in Shuswap, Little Shuswap and Mara lakes. Fraser Basin Council Manuscript Report xx +
xx p.
The use of nearshore habitats by spawning lake char (Salvelinus namaycush) (also commonly
known as lake trout) and by rainbow trout (Oncorhynchus mykiss) in Shuswap, Little Shuswap
and Mara lakes was examined. This study was undertaken by reviewing the general scientific
and technical literature pertaining to these subjects, including studies throughout the natural
and introduced ranges of these two species of fish. In addition, information specific to the
Shuswap watershed was also obtained in conversation with relevant local agency professionals.
Lake char spawning has been observed in these three large lakes in shallow waters along the
shoreline, and mostly in the Main Arm of Shuswap Lake. Spawning substrates were mainly
comprised of cobble averaging 8 cm in diameter, ranging from 3-50 cm, and in shallow-water
(0.3-5 m deep). These statistics fall within the range of observations in the published literature.
Areas where lake char spawning has been seen in Shuswap Lake include: 1. from Blake Point to
Celiston Creek (the spawning substrate was smooth and rounded); 2. Armstrong Point; 3.
starting 4 km west of Armstrong Point to Eagle Bay (in the latter two locations the spawning
substrate was more angular). Although the observations of lake char spawning appeared to
occur in largely discrete areas, a total of 114 km of lakeshore was thought to be suitable in
Shuswap and Little Shuswap lakes. No lake char spawning has been observed in Little Shuswap
or Mara lakes although it may occur there as well. A number of studies have also extensively
sampled the nearshore habitats of these three Shuswap watershed lakes for looking at the
rearing behaviors of juvenile and sub-adult salmonids, as well as non-game species of fish;
however, lake char fry, sub-adults or adults have not been shown to commonly use littoral
areas for rearing. This is in contrast to other lake char water-bodies across North America
where fry are sometimes observed rearing in the littoral areas for an extended period after
hatching, but before migrating offshore. Further sampling is warranted in these Shuswap lakes,
concentrating the sampling at spawning locations and at earlier times of the year, to determine
if littoral rearing in the early-life-history occurs by lake char in these habitats and may be
important.
Rainbow trout is the other species of primary interest to this report and it is economically and
socially important as it is a commonly-angled fish in these large-lakes of the Shuswap
watershed. Adfluvial-lacustrine rainbow trout throughout British Columbia, and elsewhere
around the world, are known to often use large lakes for rearing. This usually occurs after an
extended period of stream growth and this life-history pattern can also be found for the
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rainbow trout in the Little Shuswap, Shuswap and Mara lakes. While the sub-adult and adult
sized/aged rainbow trout in these large-lake environments are often pelagic in their
distributions, anecdotal angling and limited gillnet sampling in littoral areas indicate that
shoreline rearing can also be a key aspect of their lives in Little Shuwap, Shuswap and Mara
lakes. In particular, the confluences of streams such as the Adams, Eagle and Shuswap rivers
are important habitats for sub-adult and adult-sized rainbow trout as evidenced by high-catch
rates by anglers at these locations at certain times of the year. Rainbow trout also extensively
forage along the lake shoreline at locations that do not have a fluvial influence. This behavior is
primarily related to locally available abundances of food including both invertebrate (aquatic
and terrestrial) as well as vertebrate (shoreline rearing or migrating juvenile sockeye and
Chinook salmon) sources.
Because spawning lake char and rearing sub-adult/adult rainbow trout use the perimeter of
large lakes in the Shuswap watershed for these particular life-history traits, the habitat integrity
of these nearshore habitats are considered to be important for the production of these species
of fish in this drainage. Of particular importance are those features that provide habitat for
invertebrates and small-fished (e.g., juvenile sockeye and Chinook salmon in the spring), fooditems that rainbow trout forage on. Large-scale changes to Shuswap, Little Shuswap and Mara
lakes have taken place to the nearshore habitats, over the last 50 years, as a result of land
development, with potential consequences to lake char spawning and rainbow trout rearing.
Of particular concern has been the loss of riparian vegetation and alteration to foreshore
(natural-drawdown zone) bed structure. Large-scale removals of woody debris, cobbles and
large gravel have occurred for recreation and land development. These activities have likely
profoundly disrupting food availability for many species and harmfully altered lake char
spawning habitats. This report further discusses the implications of such activities on the
production of lake and rainbow trout in these three large lakes of the Shuswap drainage and
gives recommendations for further work and protection of these species.
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INTRODUCTION
Shuswap, Little Shuswap and Mara lakes (Figure 1) arguably comprise the most socially,
economically and ecologically important large-lacustrine aquatic ecosystem in British Columbia
and are, thusly, of great interest to fisheries scientists and managers in this province (Clemens
1934, Roos 1985, Williams et al. 1989, Russell et al. 1990, Brown and Winchell 2004, Ecoscape
2009, 2011, Rosenau 2014a, Rosenau 2014b). The Shuswap watershed comprises rearing
and/or spawning areas for over 20 different species of fishes (McPhail and Carveth 1992), many
of which are exploited for food and recreation. This includes the socially and economically
important juvenile sockeye salmon (O. nerka) that rear in Little Shuswap, Shuswap and Mara
lakes, including the world famous Adams River run (Williams et al. 1989, Rosenau 2014a). Our
knowledge of the habitat requirements for many of the species and populations of the fishes in
these large-lake rearing and spawning environments are fairly-well understood (e.g., Chinook
salmon, Oncorhynchus tshawytscha; Brown and Winchell 2004) but for others (e.g., burbot,
Lota lota) very little is known. Nevertheless, our knowledge of the habitat needs of the various
fishes in these three large lakes needs to increase as fisheries managers are being tasked with
ensuring the protection and restoration of these lacustrine environments as impacts continue
to grow as a result of land development along their nearshore areas.
Various fish species within Little Shuswap, Shuswap and Mara lakes are known to partition the
lacustrine ecosystem into various zones including near-shore and off-shore areas, as well as
shallow-water and demersal habitats; shifts in location within these lakes can often vary
depending on the age of the fish, the time of year and the time of day. For example, juvenile
sockeye salmon in the large Shuswap lakes use both the nearshore and offshore habitats.
1

Recently-emerged fry rear in the shallow-nearshore areas for several weeks-to-months in the
early-to-late spring, after emergence, before shifting out to the lacustsrine open water for most
of the rest of their freshwater lives (Rosenau 2014a). Similarly, many juvenile Chinook salmon
utilize the nearshore zone (both 0+ and 1+ ages) of these Shuswap large lakes prior to
emigration and/or smolting (Rosenau 2014b). Other species have even different patterns of
habitat usage and partitioning in these lakes.
The Shuswap watershed large lakes have received considerable attention in the last several
years due to the increasing concerns relating to impacts associated with human activities
affecting these waters (Russell et al. 1979, Graham and Russell 1980, Brown and Winchell 2004,
Ecoscape 2009, 2011, Rosenau 2014a, b). In this context of potential impacts to the productive
capacity of the habitat, and of recent and particular interest to fisheries managers, is the
utilization of the nearshore habitats by commercial and sporting fishes in the large lakes of the
Shuwap watershed (Rosenau a, b). This is because of the large-scale anthropogenic changes
that have occurred over the last half century, and still are occurring, to the foreshore and
riparian areas as a result of land development (Ecoscape 2009, 2011). Indeed, as a recent
result, the Shuswap Lake Integrated Planning Process (SLIPP) was developed, in part, to address
the sustainability of the watershed for fishes, and other ecosystem values, in the face of this
continued development along these watercourses (SLIPP 2009). SLIPP's vision for the
watershed is “Working together to sustain the health and prosperity of Shuswap and Mara
Lakes” (SLIPP 2009).
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Non-anadromous fishes of anthropogenic interest that use the nearshore large-lake Shuswap
watershed environments include lake char (Salvelinus namaycush) (also referred to as “lake
trout”) and rainbow trout (O. mykiss). These species are extensively targeted by the
recreational fisheries in these lakes (Bison 1991 b, A. Morris, British Columbia Ministry of
Forests, Lands and Natural Resource Operations, pers. comm.). The lake char is known to use
the shallow perimeter of Shuswap Lake for spawning (Bison 1991 b); this observation is
consistent with the scientific literature recording such behaviors in many lakes across its known
distribution (McPhail 2007). Rainbow trout can also be found rearing in large lakes (McPhail
2007) with various literature sources demonstrating nearshore usage in some watersheds (e.g.,
Beauchamp et al. 1994). Anglers often target rainbow trout in the nearshore areas of the large
lacustrine habitats of the Shuswap watershed and, in particular, near their confluences with
streams (R. Bison, British Columbia Ministry of Forests, Lands and Resource Operations, pers.
comm.) suggesting the importance of these shoreline areas in Little Shuswap, Shuswap and
Mara lakes for this species.
Because of the increasing concerns surrounding the cumulative anthropogenic impacts to the
littoral, foreshore and riparian areas, in this report I review the nearshore biology of lake char
and rainbow trout in Little Shuswap, Shuswap and Mara lakes and comment on the potential
for effects by human activities on the production of these species. To make this assessment
comprehensive and comparative, I have also reviewed sources of literature describing the
nearshore habitat requirements of lake char and rainbow trout in other parts of the world. I
hope that this document will help educate fisheries managers, and the public, in respect to the
protection and restoration of the critical habitats of these, and other fish species, within the
3

large lakes of the Shuswap drainage that may be profoundly affected by land development in
the area.

4

STUDY AREA
The Shuswap watershed is located in the south-central portion of British Columbia (Figure 1) on
the Interior Plateau and the drainage is comprised of over 500 lakes and streams. Its
biogeoclimatic zones are dominated by “Bunchgrass” and “Interior Douglas Fir” (Meidinger and
Pojar 1991) and the drainage area of the Shuswap watershed has a total surface area of about
25,000 km2 (Kramer 2012). The Shuswap drainage includes a number of very large lakes and
these are key habitats for several very-important stocks of salmon and trout of the Fraser River
watershed. Most notable of the populations of fish using these large lacustrine habitats, for
rearing, is the world-famous Adams River run of sockeye salmon. Mara, Shuswap and Little
Shuswap are the large-lake lacustrine habitats that are examined in this report.
Of the three of these lakes, Mara is the second largest by surface area as well as the most
upstream; it drains into Shuswap Lake at Sicamous Narrows (Table 1; Figure 1). Shuswap Lake,
the next-most downstream, is the largest of the three and has four major arms—Salmon,
Anstey, Seymour and Main. These all join together at Cinnemousun Narrows forming a
distorted “χ” (Figure 1). Shuswap Lake is, by far, the deepest of the three lakes, being around
three times the maximum and average depths of the other two (Table 1). The outlet of
Shuswap Lake, which is located at the downstream end of the Main Arm, and near the
confluence of the Adams River, drains into Little River. This short stream is 3.6 km in length
and, in turn, flows into Little Shuswap Lake (Figure 1).
Compared to its immediate-upstream source of Shuswap Lake, Little Shuswap Lake is a
relatively small and shallow body of water which, in turn, discharges into the South Thompson
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River at the town of Chase (Table 1; Figure 1). Here the South Thompson River runs
approximately westwards where it joins the North Thompson River and these waters flow
through the city of Kamloops, subsequently discharging into Kamloops Lake. The water, in turn,
then drains from Kamloops Lake into the Thompson River which further flows into the Fraser
River at Lytton (Figure 1).
The total surface area of the Shushwap, Mara and Little Shuswap lakes, is 35,000 ha (Table 1).
Shuswap Lake has the greatest amount of nearshore habitat (Table 2; Figure 2). The shoreline
lengths of Little Shuswap, Shuswap, and Mara lakes are 21, 342 and 42 km, respectively (Table
1). These large shoreline areas usually have mixtures of one or more habitat features (e.g.,
cobbles, sand, large woody debris, etc.) that are used by fish in specific ways.
In order to quantify the extent of the fisheries values in the watershed, Ecoscape (2009) used
an Aquatic Habitat Index (AHI) to estimate the habitat values of different shorelines of these
large lakes. Their AHI analyses estimated that 15% of the shoreline was ranked as having Very
Low or Low habitat values and many of these were found along highly-developed shorelines
which showed little resemblance to what would have been the historic pre-development
conditions. In contrast 47% of the shoreline was ranked as High or Very High and with
Ecoscape (2009) finding that many of these habitats were associated with shoreline spawning
areas, stream mouths and wetlands. As an overarching observation by Ecoscape (2009), habitat
for one or more important salmon life histories (e.g., staging, rearing and/or spawning) was
usually found for all nearshore areas around these lakes including those with Low values.
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In regards to distinct habitat types, wetlands have been found to be the most-rare type around
the lake, at only 3.5% of the shoreline length (Ecoscape 2009). In contrast, gravel and rocky
shorelines were seen to be the most abundant habitat features. Aquatic vegetation is known to
be an important habitat feature for many fish species and their life histories and it was found
along 22% of the nearshore edge of these lakes. Floodplain plants living in the foreshore areas
was the most commonly observed vegetation and this included willows, cottonwoods, and
emergent grasses that are able to withstand seasonal flooding during the freshet period
(Ecoscape 2009). Only 2% of the large lake perimeter was seen to have native submergent
vegetation, and floating plants were found to be negligible in abundance (Ecoscape 2009).
A major driver of fish-habitat productivity is the particular flow regime that can be found in this
drainage. The Shuswap Lake watershed has a snowmelt-dominated hydrograph with maximum
discharges and highest-water levels occurring during the spring freshet (Figures 3, 4). Shuswap
Lake and the other associated large lakes in this drainage are highly dynamic and their water
surfaces as a result of the with freshet-flow cycles. Two features that drive this are the large
snowpack/freshet that occurs here each year and the steepness and vastness of the Shuswap
watershed.
Mean annual discharge for the South Thompson River at Chase, at the outlet of Little Shuswap
Lake (thus, integrating all of the inflows in the Shuswap drainage), is between 200 and 300
cubic meters per second while the mean-peak discharge is just under 800 cubic meters per
second (Figure 3). Peak-freshet flows typically occur during the latter part of June when some
species and life histories such as recently emerged juvenile Chinook and sockeye salmon are
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most-actively rearing in the shallow-water nearshore habitats (Rosenau 2014a, b). Meanminimum discharge for the South Thompson River is approximately 100 cubic meters per
second and this usually occurs in mid-winter (Figure 3).
Because of the particular morphology of the various large lakes within the Shuswap drainage,
and the great volumes of water generated by the melting snow pack, these large water bodies
temporarily store substantial amounts of spring- and early-summer run-off and slowly release
this water during the highly-protracted snowmelt period. Hydraulically and hydrologically this
occurs because of the constricted nature of the outflow streams relative to the large inflows at
this time of the year. Because of the “pinch-point” at its outlet, Shuswap Lake functions as a
large reservoir partially holding back much of the spring-freshet flows. As a result, the surface
elevation of Shuswap Lake rises substantially as the seasonally-mediated weather warms, the
snow melts, and the lake fills up. Following a peak in storage around June, the water surface of
the lake then drops as the snow-melt water-flows decline in volume. Thus, over the period of
an hydrographic year, the Shuswap Lake levels fluctuate considerably (3 m) over the duration of
the annual-discharge regime (Figure 4). The highest-recorded levels occurred in 1972 when
Shuswap Lake reached a water-surface elevation of 349.66 meters.
The climatic and lacustrine temperature regimes follow that of an interior British Columbia
pattern whereby the coldest periods of the year, in this watershed, are late fall and early winter
(Figure 5). In large part, these lakes act as large heat sinks during the winter periods and they
normally do not cool quickly or freeze over. During the summer these lakes become thermally
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stratified (Shortreed et al. 2001) and the surface temperatures can reach almost into the mid20’s degree Celsius (Figure 5).
As a result of these considerable rises and falls in water levels, the foreshore goes through a
cycle of flooding and dewatering (Figure 6). As the hydrograph approaches the peak freshet,
much of the foreshore area, including inundated riparian vegetation (Figure 7), is flooded by
the freshet-flood waters creating rich, but seasonally ephemeral, feeding habitats for juvenile
fishes. This is known as a flood pulse (Junk et al. 1989). Then, through the latter part of the
summer, autumn and winter periods, the lake levels decline and there are considerable areas of
the foreshore that are dry as a result (Figure 8).
Many species of fishes in freshwater ecosystems are adapted to flood pulses. For the Shuswap
watershed large lakes, Chinook and sockeye salmon fry are particularly robust examples of this
phenomenon (Rosenau 2014a, b). The evidence that is presented in this report strongly
supports rainbow trout rearing in the Shuswap large lakes as also being flood-pulse adapted.
North temperate salmonids that are flood-pulse adapted often utilize the productivity of
floodplains along streams and lakes during snowmelt-freshet floods that inundate the overbank
areas. As an example, this is when and where the juvenile salmon first move to rear shortly
after emergence from their spawning redds and forage on the rich abundance of invertebrates
of both aquatic and/or riparian and terrestrial nature (Rosenau 2014 a, b). Rainbow trout in
Shuswap Lake forage on these invertebrates as well as the smaller fishes that also utilize this
freshet-enhanced insect production (Hebden 1993).
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The flood pulse is possibly the most important aspect contributing to the early-life history
production of many species of fish in the Shuswap drainage. Junk and Wantzen (2006) state
that “…[f]loodplains are areas that are periodically inundated by the lateral overflow of rivers or
lakes and/or by rainfall or groundwater; the biota responds to the flooding by morphological,
anatomical, physiological, phenological and/or ethological adaptations and characteristic
community structures are formed (Junk et al. 1989).” The term the “flood pulse concept” (Junk
et al. 1989) describes the interaction between water and land and the organisms that are
adapted to annual or seasonal flooding in a floodplain. This activity occurs within the
aquatic/terrestrial transition zone (ATTZ) (Junk and Wantzen 2006), also known as the
floodplain, where the hydrology of the area acts in both lentic (still-water) and lotic (flowingwater) fashions, over the range of a freshet. The organisms that live and thrive in these areas
also modify their behaviors accordingly. The flood pulse is considered by many to often be the
most productive phase of a stream or lake throughout the extent of its annual hydrological
cycle. The flood pulse concept has been well articulated by Junk et al. (1989), Tockner et al.
(2000) and Junk and Wantzen (2006), as well as others. Brown (2002) provides a
comprehensive review of the functionality of floods for production of salmon and trout in
British Columbia.
At its most basic, the flood pulse in the Shuswap watershed progresses through a number of
stages (Figure 6). At the start of the freshet, and as the flow increases into a wetland, stream or
lake, water progressively inundates the overbank areas across the floodplain; these comprise
off-channel shallow-water areas with low-velocity/no-velocity habitats to which certain plants
and animals are adapted to for survival, growth and reproduction. This shallow-water area has
10

been referred to as “the moving littoral” and it increases in magnitude as the flood increases; it
can range from shallow water at the the edge of the stream bank to several meters in depth
(Junk and Wanzten 2006). As the floodplain is inundated, nutrients are entrained into the flow
across the overbank areas. These can arise either from the stream flow or be mobilized from
the floodplain via the dissolving or suspension of mineralized materials that are sedimented
onto the substrate during the drying period. Fish, invertebrates and other species follow the
flows as they re-water the floodplain in an “inland” direction (Figure 6).
This flood pulse of water is a primary driver that promotes higher productivity, at the lower
trophic levels, further enhancing growth at subsequently higher levels. Added to this in
temperate areas is that during the snow-melt freshet the shallow waters in the floodplain tend
to be warmer than the main-stem river or lake also accelerating growth. Thus, through the
flood pulse, algae and plants grow and provide forage for zooplankton and macroinvertebrates.
Dead leaves that have dropped to the ground during the previous-fall season and are now
covered with water (Figure 9), provide food for “shredder” aquatic insects such as trichoptera
(caddisflies) which are excellent forage for fishes. The inundation of dead plant and other
organic material stimulates decomposition of these organic materials further providing
nutrients for the lowest trophic levels. The fish that follow the flood pulse into the floodplain
are also enhanced through this increased primary and secondary production. The structure of
the vegetation in the floodplain can also provide cover for various species of fishes, including
juvenile Chinook salmon and rainbow trout (Figure 10).
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Once the flood peaks and hydraulic stability is achieved, decomposition rates become greater
than production rates. Eventually, the water flows subside and the moving littoral reverses.
Plankton growth utilizes the concentrated nutrients in the flow-return period. Later in the
autumn, leaves from the deciduous trees (in the Shuswap watershed) fall to the ground of the
floodplain and are stored there over winter for re-mobilization into the aquatic community, as
food, during the next spring freshet.
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RAINBOW TROUT AND LAKE CHAR SPORT FISHERIES IN THE LARGE LAKES OF THE SHUSWAP
WATERSHED

The Shuswap watershed is known for its high-quality angling opportunities for salmonids.
Rainbow trout, lake char, kokanee salmon (O. nerka) and Chinook salmon are of particular
interest to fishers in the lakes and streams of this drainage. While the majority of the angling is
normally concentrated towards rainbow trout in the highly-productive smaller lakes of the area,
large-lakes fisheries, including those in Mara, Shuswap and Little Shuswap, also provide
excellent opportunities for fishing this species. The rainbow trout captured in these three
large-lacustrine environments are generally big-bodied (Figure 11), often piscivorous and have a
adfluvial-lacustrine (potadromous) life history (Sebastian 1988, Galesloot 1995). Shuswap Lake
rainbow trout stocks delay their maturity compared to populations of this species in small,
nearby lakes (Bison 1991a, Galesloot 1995). A light-tackle fly fishery has also increasingly
developed, particularly near tributary outlets, for rainbow trout in the Shuswap large lakes in
recent years.
Lake char are also a sought-after species by sport anglers in Shuswap Lake (Figure 12). While,
perhaps, not quite as desirable as rainbow trout, these large trophy fish draw a specific set of
enthusiasts from the angling community. And, although this fishery tends to use heavier gear
than for rainbow trout due to the deep-water nature of their life-history, sport fishing for lake
char in Shuswap Lake is an important aspect of the on-water recreation in this drainage. One of
the key aspects that make lake char of particular interest in Shuswap Lake is that they can also
be larger in size compared to populations in other lakes in British Columbia (Bison 1991b). For
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the 1989 angling season, Bison (1991b) indicated that the average length of lake char harvested
from Shuswap Lake was 580 mm with the sizes of some fish exceeding 800 mm.
Because of the potential for over-exploitation of lake char and rainbow trout in these large
lakes of the Shuswap drainage, the freshwater-fisheries managers in charge of these species
and their various stocks have implemented more conservative restrictions of their harvest than
for trout and char in other smaller, nearby and more-productive lakes. This includes the
requirement of additional permitting (meaning there is a requirement for the purchase, by
anglers, of an additional Conservation Surcharge stamp) as part of the license purchase as well
as more-restrictive yearly limits of the harvest of both rainbow trout and Salvelinus species
(including lake char and Dolly Varden/bull char) in these three lakes. For rainbow trout, only
five fish are allowed to be kept, per annum, and all must be over 50 cm. For all char species in
these three Shuswap watershed lakes, an angler can only keep fish over 60 cm, with no
retention below that size and a maximum of five fish per year.
The fisheries managers of the Ministry of Forests, Lands and Natural Resources monitor the
effort, catch and harvest of these two species from Little Shuswap, Shuswap and Mara lakes.
Yearly angler purchases for rainbow trout Conservation Surcharge stamps for these Shuswap
lakes have ranged from around 3,500 to over 4,400 over the last decade (2005-2011; Table 4).
Estimated angler effort has ranged, over that same period, from around 18,400-23,500 days.
While the catch has varied from around 16,000 to 22,000 fish, only about 1,800 to 3,300 of
these trout have been harvested, in a given year, during this time period.
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The angler purchases of lake char Conservation Surcharge licenses for these Shuswap lakes are
somewhat lower than for rainbow trout. Recently the numbers have ranged from just over
1,000 to just under 1,500 over the last decade (2005-2011; Table 4). Estimated angler effort for
lake char in these water bodies has ranged, over that same period, from around 3-4,000 days.
While the catch has varied from 850 to 2,400 fish, only about 10-25% of these fish have been
harvested, per year, during this time period.
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DISTRIBUTION AND DIETS OF RAINBOW TROUT IN LARGE LAKES AS INDICATORS OF NEARSHORE
CRITICAL HABITATS
OVERVIEW OF RAINBOW TROUT
The rainbow trout has a diverse range of life-history patterns and uses a wide variety of
habitats for living (Northcote 1997). While it’s natural distribution is from within the west coast
of North America, and the east coast of Asia, except for the Antarctica it can now be found on
all continents as native and introduced populations (MacCrimmon 1971). Rainbow trout are
largely freshwater fish although some populations are anadromous. The adfluvial-lacustrine
life-history pattern is one of several that are used by populations of rainbow trout across its
native and introduced range. These are fish that have been spawned in fluvial environments,
then often rear in the natal stream for a while before going to a lake for further rearing; once
they become mature in the lake they then return back to the home-stream to spawn
(Northcote 1997). Populations of this life-history pattern can be found in large lakes
throughout their natural and introduced ranges but large-bodied piscivorous populations are
relatively rare in British Columbia (c.a. less than 20 stocks; Di Gisi 2003).
Many, if not all, of the naturally-reproducing strains of rainbow trout that utilize large lakes
have an extended fluvial-rearing period prior to lacustrine entry (e.g., Griffiths 1968, Hagan
2010 for Babine Lake, Irvine 1978 for Kootenay Lake, Sebastian 1979 for Okanagan Lake, Arndt,
2002 for Arrow Lake; Sebastian et al. 2003 for Quesnel Lake; De Gisi 2003 for Eutsuk Lake,
British Columbia; Kwain 1971 for the Laurentian Great Lakes, eastern North America; Rosenau
1991a, b, for Lake Taupo, New Zealand). The age and size of emigration, from the natal-rearing
stream to the lake, for these large-bodied lacustrine populations varies widely amongst
watersheds. However, compared to small-lake or stream populations, the age-at-maturity can
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be extended in time to include several extra years of rearing (e.g., Irvine 1978, Rosenau 1991a,
b, Galesloot 1995, Sebastian et al. 2003, Hagan 2010). The available-food size, predation on
emigrants by other species or via cannibalism, disease/parasites, intra- and inter-specific
competition and starvation are possible reasons that increased size prior to emigration from
the rearing stream to the lake has evolved in these stocks (Burrows 1993). Following from
these observations, larger-bodied individual juvenile rainbow trout emigrants often have
greater survival rates than smaller members of their migrating cohort from streams to lakes
(Burrows 1993). Like steelhead (an anadromous form of Oncorhynchus mykiss), large lake
rainbow trout can show a size-biased survival for juvenile emigrants (e.g., Sebastian 1979,
Rosenau 1990 a,b, Rosenau and Slaney 1991, Burrows 1993; c.f., Ward et al. 1989). Other
anadromous salmonids also commonly demonstrate this size-biased survival phenomenon
(Quinn 2005). Evidence for this is that the size-frequency-distribution of the emigrants from
the stream usually averages smaller than the mean size of those outmigrants that ultimately
survived and returned to spawn as adults.
Despite our incomplete understanding of the life history of rainbow trout in large lakes, it is
clear that considerable behavioral variability—particularly in foraging—occurs, amongst
populations, for this species in these lacustrine habitats. In their telemetric work with larger
rainbow trout (355-550 cm) in Lake Washington, Warner and Quinn (1995) state that: “…[e]ven
within one type of environment such as lakes, rainbow trout movement patterns can vary
considerably. Kelso and Kwain (1984) and Wenger et al. (1985) described primarily nearshore
movements in spring and fall, respectively. However, Haynes et al. (1986) described a seasonal
shift from nearshore to offshore environments in spring coinciding with thermal fronts. The
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trout may occupy relatively warm, near-surface waters (Stables and Thomas 1992) or cooler,
deeper waters (Fast 1993). Locomotor activity peaks may occur at dawn (Kelso and Kwain
1984; Boujard and Leatherland 1992) or at midday (Rogers et al. 1984). While these and other
telemetry studies have described the movements of individual trout, their utility for determining
general patterns of trout behavior has been limited by insufficient linkage with the prey
communities and feeding habits of the trout.”
In British Columbia there are a number of large lakes that have notable large-bodied adfluviallacustrine natural and wild rainbow trout populations (e.g., Babine, Eutsuk, Quesnel, Shuswap,
Okanagan, Arrow, Kootenay). These stocks of rainbow trout are often considered, by anglers,
to be trophies and are targeted by fishermen with specialized gear. Such stocks of fish are
often large, late-maturing and often forage extensively on other species of fishes (e.g.,
Kootenay, Quesnel, Okanagan, Shuswap lakes, British Columbia; Ford et al. 1995, Sebastian et
al. 2003). However, limited work has been done examining the partitioning, or use, of the
various habitats within such large lakes by this species and life-history, particularly in respect to
the aspect of actual or potential rearing in the shallow-water littoral area. That is, while it is
recognized that the open-water foraging on other fish species (such as kokanee) can be a major
component of the diet of big rainbow trout in these large lakes, the question arises: Do the
nearshore-lacustrine habitats also play a critical role in the survival and production of these
fishes? The evidence in the scientific literature and management reports is that nearshore
habitats are often an important life-history diet-component for these large-bodied fish-eaters
and this includes the lacustrine Shuswap rainbow trout. This is examined in the following pages
of this report.
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LARGE-LAKE NEARSHORE REARING BY RAINBOW TROUT OUTSIDE OF BRITISH COLUMBIA
For populations outside of British Columbia, various researchers have examined shallow-water
habitat-use by rainbow trout in large-lake environments by looking at aspects of both diet and
behavior. For example, Beauchamp (1987, 1990) found that for Lake Washington in the state of
Washington, USA, rainbow trout could be observed using shallow nearshore habitats.
Nevertheless, this behavior by these Lake Washington rainbow trout often varied depending on
time of year. Rainbow trout that were smaller than 250 mm (fork length) primarily ate Daphnia
during summer and autumn while the larger fish were piscivorous throughout the year with
longfin smelt (Spirinchus thaleichthys) usually making up the largest fraction of fish prey.
Nevertheless, the larger rainbow trout that were captured from the Lake Washington in the
nearshore zone of the Beauchamp (1987, 1990) studies differed in their diets depending on the
season. During autumn and winter, the rainbow trout that they observed ate longfin smelt in
this littoral habitat, but in the spring and summer of 1984 and 1985 prickly sculpin Cottus
asper (in 1984) and yellow perch Perca flavescens (in 1985) were most important, and these
were largely found in shallow water environments. In contrast to shallow-water foraging,
rainbow trout in the offshore zone (>15 m deep) of Lake Washington ate mostly longfin smelt in
spring and summer. Note that Lake Washington is a coastal aquatic ecosystem and the rainbow
trout therein may behave differently than interior-British Columbia fishes in large lakes.
An offshore example of rainbow ecology in large lakes includes Cryer’s (1992) work where he
looked at the distribution, abundance and diet of Lake Taupo trout in New Zealand. Lake Taupo
is a very-large former-volcanic caldera which has subsequently filled with water and rainbow
trout originating from California were stocked into it about a century ago. These rainbow trout
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have very high growth rates and forage extensively on the pelagic southern hemisphere New
Zealand common smelt (Retropinna retropinna). The rainbow trout are also, normally, largebodied fish and are the basis of a highly-valued inland freshwater sport fishery for New Zealand.
Cryer’s (1992) work assessed the rainbow trout abundance, biomass and utilization of the
pelagic and nearshore zones using a variety of techniques including hydro-acoustics, visual
observations via manta boards towed behind boats and gill netting. On the whole, Cryer (1992)
did not observe much use by rainbow trout in Lake Taupo’s shoreline areas. However, because
his gillnetting was not extensive in the littoral areas, there are difficulties in observing fish via
manta boards and hydro-acoustics are not particularly effective in very shallow zones, the
extent of use by rainbow trout in the nearshore areas in Lake Taupo may have been
underestimated (M. Cryer, Ministry of Fisheries, New Zealand, pers. com.). The exception to
this was in spring when rainbow trout foraged on the New Zealand common smelt that had
moved into the littoral areas to spawn. For Lake Taupo, the New Zealand common smelt
predominantly spawn on pumice sand beaches.
In another study, rainbow trout use of shallow-water areas was examined in Lake Tahoe, a large
freshwater lake on the California/Nevada, USA, border (Beauchamp et al. 1994). These
researchers used SCUBA to look at the physical structure that could be found in the littoral zone
and its habitation by various fishes, including rainbow trout. Beauchamp et al. (1994) reported
that the littoral zone that they studied was very complex in the shallowest parts (<2 m depth) of
the nearshore comprising around 50%-boulder substrates, as well as including considerable
amounts of cobble. The study, however, observed that at increasingly-greater depths this
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complexity became much less pronounced and the boulder abundance declined to less than
10% at between 10 and 18 meters. Beauchamp et al. (1994) found that the structurallycomplex habitats (e.g., the mixture of boulders, cobbles) in shallow water areas were important
features for various life-history stages of many species of fish. In particular, rainbow trout were
commonly found in the littoral zone, and were most often associated with boulder habitats
(Figure 13). Beauchamp et al. (1994) also indicated that Lahontan redsides (Richardsonius
egregious), tui chubs (Gila bicolor), and signal crayfish (Pacifasticus leniusculus), representing
the primary prey of rainbow trout in Lake Tahoe, also made their living in these complex
shallow-water areas. Beachamp et al. (1994) suggested that at normal water levels, in large
lakes lacking macrophytes, the very shallow littoral zone normally provides the most complex
habitat because wave action sweeps away fine sediments and deposits them in deeper water.
Thus, removing these materials for reasons such as beach grooming, or lowering the lake
elevation via reservoir drawdown, has the potential to negatively alter the habitat capacity of
such lakes for rainbow trout (Beauchamp et al. 1995).
In another Lake Washington study, Warner and Quinn (1995) assessed the swimming and
locational behavior of rainbow trout using telemetric techniques. The objective of this research
was to determine where these fish spent their time within the lake and how they behaved,
specifically, with respect to foraging. Warner and Quinn (1995) found that that when they
tracked larger rainbow trout (335-550 mm), these fish only spent about 15% of their time in
offshore surface waters and virtually none in deep water. They also found that shallow-water
areas were the primary habitat of choice. Warner and Quinn (1995) pointed out that these
observations were contrary to the hypotheses that these putative fish-predators would likely21

largely be primarily pelagic and show directed movements into deeper water where their
primary-prey species, of longfin smelt and sockeye salmon, were seen to largely concentrate
(c.f., Beauchamp 1987, 1990). Even when their Lake Washington rainbow trout migrated to
open water, Warner and Quinn (1995) found that they swam relatively fast and steadily, and
straight, and not erratically as one might assume for a fish predator chasing down fish prey.
The observations of forays into the shallow waters is, at least consistent with the observations
of summer and fall diets where Beauchamp (1987, 1990) found these large rainbow trout in
Lake Washington to be feeding.
In respect to the different conclusions that Beauchamp (1987) and Warner and Quinn (1995)
came to in respect to offshore movements by rainbow trout whereby the former concluded
that the larger-bodied fish in Lake Washington moved offshore during the summer months,
while the latter suggested that they made directed feeding forays but largely stayed inshore,
the different studies used different monitoring techniques. Beauchamp (1987, 1990) made his
determination of habitat use using gillnet catches whereas Warner and Quinn (1995) made
their observations directly via telemetry. Beauchamp’s (1987) catch rates may have been
biased upwards due to the substantially greater movement of the trout when they were in the
open water versus the slower movements observed by Warner and Quinn (1995) in the
nearshore locations (i.e., the catchability of the trout by nets was greater when the fish are
moving around a lot as per the pelagic movements as compared to when they were in the
shallow water). The fact that the significant forage items for these rainbow trout in this study
are, generally, shallow-water fishes points to a reason for these large rainbow trout to remain
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for much of the time in the littoral areas. The nearshore habitats’ capacity to produce these
prey items is probably critical to the production of the trout in Lake Washington.
A more recent investigation on the habitat use by rainbow trout in large lakes, and using
conventional tagging as well as telemetry to examine their movements, includes a study by
Patterson and Blanchfield (2013) in Lake Huron. Here they found that the bigger rainbow trout
that they were studying in this large freshwater body spent considerable amounts of time in
close proximity to the shoreline. The underlying question in this study was to see how hatchery
trout behaved in a natural environment of Lake Huron. Blanchfield and Patterson (2013)
released cultured rainbow trout into North Channel in Lake Huron to mimic net-pen escapees
to determine their movement behaviors, of these domestic fish, if accidentally released. Over
half of the fish let go by Blanchfield and Patterson (2013), into the lake at their study site Farm
1, were captured by anglers in nearshore environments. Furthermore, rainbow trout implanted
with pressure-sensing transmitters in this study consistently occupied the upper top meter of
the water column (45% of detections), and many were quite close to shore. As a caution,
however, while Blanchfield and Patterson (2013) suggested that the fish-farm rainbow trout
behaved similarly in regards to their nearshore use as the wild fish in their study areas, it is not
clear whether the behavior of these Lake Huron fish, wild or hatchery, would necessarily be the
same. Nor is it clear whether or not these Lake Huron rainbow trout would behave similarly to
their conspecifics in large-lake British Columbia environments. Nevertheless, the Blanchfield
and Patterson (2013) study, again, show that nearshore habitats can be important for rainbow
trout in large lacustrine ecosystems.
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BRITISH COLUMBIA NON-SHUSWAP LARGE LAKES RAINBOW TROUT REARING
There has been only a limited amount of research that has been undertaken in British Columbia
in regards to nearshore rearing by rainbow trout in large-lacustrine habitats. The primary
studies include Okanagan Lake (Clemens 1939), Quesnel Lake (Parkinson et al. 1989, Sebastian
et al. 2003), Arrow Lakes reservoir, (Arndt 2004), Kootenay Lake (Andrusak and Parkinson 1984)
and Okanagan Lake (EBA 2006). While none of this information, except for the first-noted, has
been published in the refereed scientific literature, it still provides insight into British Columbia
large-lake rainbow trout behavior in nearshore habitats. Because of the limited amount of
work looking directly at habitat usage by rainbow trout in the littoral areas of British Columbia’s
large lakes, an examination of diets is used by this paper to infer the importance of nearshore
areas in these ecosystems. Below is a synopsis of some of the assessments that are relevant to
Shuswap Lake.
In a study that was conducted by one British Columbia’s early pre-eminent freshwater-fisheries
scientists W.A. Clemens (1939) examined the aquatic biology of Okanagan Lake over a number
of years in the 1930’s. A diet assessment of 28 rainbow trout (22.8 to 66.0 cm) showed that
these fish contained a variety of food organisms, ranging from terrestrial insects to kokanee
salmon. The majority of these rainbow trout from Okanagan Lake were captured in October
and November, 1935. The diet, in the nomenclature used by Clemens, was as follows: fresh
water shrimps (1); spiders (5); mayfly nymphs (2); caddis larvae (2); midge larvae (5); other
aquatic insects (4); terrestrial insects (17); fish (10); fish eggs (1). What is most interesting in
regards to the Clemens (1939) work is that a component of the diet is clearly of terrestrial origin
and/or littoral zone invertebrates. That is, these were organisms that would have been derived
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from the nearshore habitats. A mass estimate of the various components of the diets were not
provided by Clemens (1939), and the food volumes of invertebrate taxa were presumably
overwhelmed by the fish component which were likely mostly kokanee salmon. However,
there clearly was a significant amount of effort going into the foraging of organisms that are
produced by the littoral and/or riparian habitats, by these rainbow trout.
In a more-recent study, Andrusak and Parkinson (1984) examined the gut contents of anglercaught Gerrard River strain of rainbow trout caught from Kootenay Lake (Table 5). These fish
ranged in length from 17-93 cm and were aged at 1-8 years. As noted in an earlier study, Irvine
(1978) suggested that Kootenay Lake rainbow trout were adfluvial-lacustrine having an
extended period of time spent rearing in their natal Gerrard River before “smolting” to the
lacustrine environments for further rearing.
Andrusak and Parkinson (1984) showed that for the periods of the year that they examined the
gut contents of these fish, kokanee salmon and terrestrial insects were the main prey items
with the majority of invertebrates found in the Kootenay Lake rainbow trout stomachs being
hymenoptera (flying ants) and beetles (coleopteran). In contrast, very little in the way of
zooplankton was found in these diets and then, mostly, in the smaller rainbow trout (<30 cm);
when plankton were found in the guts of these fish, the taxonomic group most present was
predominantly of one species, the opossum shrimp, Mysis relicta, an off-shore pelagic
invertebrate. Of note, insects were also more-often eaten by the smaller rainbow trout than by
the larger trout (greater than 50 cm) suggesting greater nearshore feeding by the former.
Andrusak and Parkinson (1984) found that in the Kootenay Lake rainbow trout, terrestrial
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insects were particularly prevalent in the warmer months of the year. Even the largest fish
were found to have up to 1/3 of the volumes of their stomachs with insects. During the winter
the smaller rainbow trout (<30 cm) mostly foraged on aquatic insects and opossum shrimp
while the larger rainbows increasingly targeted kokanee salmon. The key observation relating
to the importance of the nearshore habitats in Kootenay Lake is that while Andrusak and
Parkinson (1984) clearly showed that these rainbow trout are predominantly adapted to forage
on kokanee salmon, insects were also an important and, in some instances, dominant
component of the food eaten by these fish.
In another study of large-lake rainbow trout in British Columbia, Parkinson et al. (1989)
examined angler-caught rainbow trout diets in Kootenay and Quesnel lakes and focused on
Oncorhynchus nerka (both kokanee and sockeye salmon—for Quesnel; kokanee salmon only for
Kootenay) as prey items. They found that the older age-classes of kokanee salmon were the
primary-target diet item of these large rainbow trout that were mostly captured in limnetic
areas, and by anglers using large kokanee-sized lures; however, insects again also formed a
remarkably-substantial portion of the diet for many of the rainbow trout that were examined.
In particular, terrestrial flying ants were noted as a common food item in many of the individual
rainbow trout that were sampled by Parkinson et al. (1989). These invertebrates tend to be
large-bodied insects. Remarkably, for Quesnel and Kootenay lakes 45% and 13%, respectively,
of the rainbow trout assessed and which had food in their stomachs had only insects in their
digestive tracts. For Quesnel Lake, out of the 189 rainbow trout sampled with food in the
stomach, 85 individuals were foraging solely in invertebrates with many of them apparently
being of nearshore origin. For Kootenay Lake, out of 108 rainbow trout that had food in their
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stomachs, 13%, or 14 fish, had only insects. While the Parkinson et al. (1989) report does not
provide a complete taxonomic inventory of the invertebrates, it is implied that they were
largely macro-insects, thus would have been produced by the nearshore areas of the lakes
including both terrestrial and littoral areas. Notably these rainbow trout were not fry or
fingerlings, thus having just recently migrated from their natal streams, but larger sub-adults
and adults (the length samples of the fish presented in the report ranged from just over 35 cm
to just under 100 cm).
In another study of large-lake rainbow trout in British Columbia, Arndt (2004) looked at the
diets of this species captured from the Arrow Lakes reservoir. The most frequent prey items in
Arrow Lakes reservoir rainbow trout were kokanee salmon, occurring in 55% of all stomachs
(74% of non-empty stomachs) while terrestrial insects (mainly the winged stage of carpenter
ants, Camponotus spp.) were found in 18% (23% of non-empty stomachs) (Figure 14). These
ants were a spring-period food item found in these fish mostly in April. While kokanee samlon
dominated as a large-food item, the smaller Arrow Lakes reservoir rainbow trout had a greater
proclivity towards the insects (Figure 15). Arndt (2004) found that it was only at a length
between 45 to 50 cm did kokanee salmon became the primary prey for these Arrow Lakes
reservoir rainbow trout. Still, carpenter ants were found in an equal number of fish above and
below the 50 cm length, including one fish of 62 cm (Figure 15). As Arndt (2004) pointed out,
this is not necessarily the size at which they begin feeding on kokanee salmon; smaller rainbows
(< 30 cm) taken from Kootenay Lake have been seen to have kokanee salmon in there guts
(Andrusak and Parkinson 1984), Quesnel Lake (Sebastian et al. 2003). What this study points
out, again, is that while these big-bodied large-lake rainbow trout in British Columbia mostly
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rely on fish to get to such sizes, nearshore-food items such as these terrestrial ants often form
an important part of their diet items.
The fact that most of the studies of big-bodied rainbow trout living in large lakes in British
found that the fish tended to be of sub-mature and mature sized/aged fish does not, however,
preclude very young individuals sometimes using the nearshore-lacustrine areas as habitat as
well. In a more recent Okanagan Lake study, EBA (2006) found that when using beach seines
for sampling, in spring, the relative abundance of young-of-the-year rainbow trout was 1.4% of
the total population of all species sampled. Notably, the EBA (2006) seining effort found the
abundance of these fry to be greatest near spawning-stream stream mouths (e.g., Mission
Creek, Bertram Creek, Bellevue Creek). As an example, EBA (2006), rainbow trout at the
Mission Creek mouth area made up 9.8% of the fish sampled by beach seine. This suggests that
for some populations, nearshore habitats might form an important part of the ecology of
rainbow trout in large lakes. Nevertheless, it is not clear if these fish were simply excess
production from the stream, and would ultimately have not survived in the lake, or whether
they would have actually contributed significantly to the lacustrine rainbow trout stock.
Of note, in regards to the types of habitat used along the Okanagan Lake shoreline by these
juvenile rainbow trout, EBA (2006) suggested that the fish at the Mission Creek confluence
were strongly associated with loose, large woody debris (often also known as coarse woody
debris or large organic debris). Furthermore, under these circumstances, larger sub-adult and
adult rainbow trout also seemed to be a measurable part of the nearshore fish community of
Okanagan Lake based on EBA’s (2006) use of gill nets to sample the shoreline perimeter. EBA
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(2006) found that the relative abundance (compared to the other species caught) of rainbow
trout, captured in nearshore gillnet sampling of Okanagan Lake, was 3.8, 1.0 and 0.85% during
the spring, summer, and fall, respectively. Their study found that these larger rainbow trout
occurred at almost every nearshore site sampled during spring sampling, except those with
extremely large, sandy littoral shelves. Cliff/bluff, gravel beach, and low rocky shorelines (in
other words, those shorelines with structural complexity) were the best locations for catching
rainbow trout with gillnets. EBA (2006) found that there were comparatively only moderate
numbers of sub-adult and adult rainbow trout at marinas and vegetated shoreline areas.
Finally, they also found that the youngest of the gillnetted rainbow trout (thought to be 1-3
year-old fish) were only caught at a gravel-beach habitat near Bellevue Creek.
Finally, EBA (2006) sampled the stomachs of some of the rainbow trout caught during the
spring and summer sampling sessions. The diet of rainbow trout captured by EBA (2006)
included small insect larvae, terrestrial insects, and young-of-the-year sculpins and shiners. Like
the rainbow trout caught along the Lake Washington shorelines (Warner and Quinn 1995),
these diet species are littoral in their orientation pointing, again, to the importance of the
nearshore environments as key habitats for Oncorhynchus mykiss in large lakes under certain
circumstances.
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SHUSWAP WATERSHED LARGE LAKES RAINBOW TROUT REARING
There have only been a limited number of studies looking at the importance of nearshorehabitat for fish production in the large lakes of the Shuswap watershed, and rainbow trout have
been ancillary to most of these. Nevertheless, those which have been done provide insight into
the role of the importance of the shallow-water habitats in these lakes for this species.
In a seminal study on salmon in the Shuswap watershed, Ward and Larkin (1964) hypothesized
that the 4-year cyclic dominance of Adams River sockeye was linked to the effects of predation
by species such as rainbow trout and lake char on juvenile Oncorhynchus nerka. Their study
looked at and reported on the diets of rainbow trout in Shuswap Lake. Ward and Larkin (1964)
suggested that fish predation of sockeye salmon fry in Shuswap Lake was depensatory and
caused the collapse of the stocks of anadromous nerkids in non-cycle years with a resultant
upsurge of production every fourth year. To do this study, considerable numbers of rainbow
trout stomachs (~8,400) and their diet compositions were examined from fish angled from
Shuswap Lake. Of note, Ward and Larkin (1964) commented on the size and abundance of
rainbow trout brought to them indicating that rainbow trout “…in the vicinity of five pounds are
quite common and fish up to 25 pounds are occasionally captured.” The rainbow trout in this
lake ecosystem were, and continue to be, large-bodied and abundant enough to be of great
interest to anglers.
Ward and Larkin (1964) found that the diets of the rainbow trout varied considerably from year
to year and were heavily influenced by the number of sockeye that happened to spawn in the
previous years. They tracked the diet items in rainbow trout guts characterizing the relative
proportions of salmon eggs, fry and smolts in relation to the cyclic abundance of Adams River
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sockeye. The consumption of sockeye salmon in these various physical forms (e.g., eggs, fry
smolts), by rainbow trout, was generally in synchrony with the abundance of these foods
pulsing every four years (Figure 16). And for those years when sockeye salmon food-items
were abundant, the condition factor of the rainbow trout was higher.
For stomach items that were identified as being fish, Ward and Larkin (1964) used the
assumption that most of the bodies were either sockeye fry or smolts; it is somewhat
unfortunate that they did not attempt to further identify these contents, to species, in a
systematic way as juvenile Chinook are, at times, an important food item for Shuswap Lake
rainbow trout (Hebden 1993).
Fish eggs were found by Ward and Larkin (1964) to dominate the Shuswap watershed rainbow
trout diets during the latter part of a dominant sockeye salmon spawning year (e.g., 1954,
1958). Fish eggs were then, again, important the next year during the sub-dominant sockeye
salmon escapement. In addition, fish were highly foraged on in relation to their sockeye
salmon cohort abundance. Importantly, Ward and Larkin (1964) found that insects always were
found to be an important aspect of Shuswap Lake rainbow trout diets regardless of whether
there had been a lot of sockeye salmon spawning or not (Figure 16). While it is unfortunate
that these insects were not identified to a lower taxonimic level, they were, almost certainly, a
mixture of both littoral-aquatic and terrestrial groups (c.f. Rosenau 2014b for Shuswap
watershed large lake juvenile Chinook salmon diets).
The findings of Ward and Larkin (1964), point to the importance of nearshore habitats as key to
rainbow trout production in Shuswap Lake and protecting those ecosystem attributes for this
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species. Nearshore-produced aquatic and terrestrial invertebrates would have been in the
mixture of taxonomic groups utilized as part of the diet of these Shuswap large-lake rainbow
trout. In addition, fish species such as very young sockeye salmon fry, that rely on the
foreshore habitats for about two months before migrating to the open pelagic waters, were
also eaten by rainbow trout (and lake char).
Ward and Larkin (1964) also pointed out the propensity of smaller rainbows in their samples to
forage proportionally less on fish, and more on invertebrates and dead eggs, than did the larger
trout. This observation is consistent with other such studies where rainbow trout eat nerkids in
large lakes throughout British Columbia (Figure 15). Insects may be the key to survival and
growth of the smaller rainbow trout, allowing them to get to a larger size where they then are
able to more-easily catch fish as a prey item (Figure 15).
Ward and Larkin (1964) further pointed out that spring was a key time for trout foraging on
fish. This is also period in the life history of the recently emerged sockeye fry when they are
feeding the shallow-water littoral zones along the large Shuswap watershed lake perimeters
(Rosenau 2014a) and are vulnerable to being eaten. Those nearshore habitats are important to
young sockeye before they become pelagic and, by extension as a forage item, central to the
survival and productivity of rainbow trout in Shuswap Lake.
Gilhousen and Williams (1989) also assessed the stomach contents of various predator-fishes
foraging on sockeye juveniles in the large lakes of the Shuswap watershed with the intent of
determining the extent of their impact on these young salmon (Figure 17). The predators that
they examined included rainbow trout and lake char, as well as a number of other larger-bodied
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fish species found in the large lakes of the Shuswap watershed. While the focus of Gilhousen
and Williams (1989) was on determining the extent of sockeye fry eaten by fish predators, their
gut-contents-assessments also provided an understanding of the invertebrates eaten by
rainbow trout and lake char. Of note, the sizes of the rainbow trout captured by Gilhousen and
Williams (1989) ranged from around 160 mm to just over 560 mm in length.
To sample predators of young sockeye salmon in the large Shuswap watershed lakes, Gilhousen
and Williams (1989) mostly used gillnets which were set in primarily shallow areas. Ancillary
sampling also included a smaller number of deep-water gill nets as well as using seining and
angling as techniques to catch rainbow trout. The earliest part of the sockeye salmon lacustrine
life history in Shuswap Lake was of particular interest to Gilhousen and Williams (1989) and so
they targeted the period of late-April to mid-July for sampling, shortly after emergence of the
fry and largely when the small fish were still rearing in shallow-water habitats (Rosenau 2014a).
The Gilhousen and Williams’ (1989) assessment took place over a two year period; this included
capturing predators after a “dominant-cycle” Adams River run year (1974), and the next year in
a “sub-dominant-cycle” (1975). Thus, the large-numbers of sockeye salmon offspring had
migrated to the rearing lakes as fry in 1975 and 1976, respectively, the same years that the
Gilhousen and Williams’ (1989) assessments took place. And while the diet-evaluation of
Shuswap rainbow trout in the Gilhousen and Williams (1989) study was not likely to be
completely representative for those years with lower numbers of young-of-the-year sockeye
salmon fry (c.f. Ward and Larkin 1964), nevertheless, their diet data provided further
understanding as to what rainbow trout eat in these large-Shuswap watershed lakes. This was
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particularly so for the spring/early summer periods when the foreshore habitats are generally
inundated and a variety of nearshore food times are available for the trout to eat.
In 1975 and 1976, Gilhousen and Williams (1989) caught 28 rainbow trout in 46,000 minutes of
gillnetting in their shallow-water habitats compared to only one rainbow trout captured in the
seine netting and five in the deep-water exploratory sets (Table 6). The catch rate of rainbow
trout in the littoral zone was about twice that in 1975 as it was in 1976 (0.054 fish/h versus
0.025 fish/hour). The greater catch rate in 1975 was probably because of the extensive
numbers of sockeye fry available for rainbow trout to forage on in the shallows in the earlier
part of the year (Table 7). Because sockeye fry extensively use the littoral nearshore habitats
and feed here during the spring months, before they move to the deep-water pelagic areas of
the lake (Rosenau 2014a), it is understandable why rainbow trout would be concentrating on,
and feeding in, this area. In 1975 there was a maximum of 443 sockeye fry found in the
rainbow trout stomachs with a mean of 94.3 fry, but this dropped to 65 and 8.1 fry,
respectively, in the sub-dominant group of fish in 1976. Presumably, these values would have
been even less in off-cycle years reflecting the lack of available sockeye salmon fry in non-highabundance years (c.f. Ward and Larkin 1964; Figure 16).
While there were yearly differences in the consumption of sockeye fry by the rainbows
depending on the escapement of adult salmon in the previous years, seasonal changes were
also observed in the diets of trout for 1975 and 1976 (Gilhousen and Williams 1989). Earlier in
the spring, the numbers of sockeye salmon fry in the stomachs of these fish were greater in
both dominant- and sub-dominant-run years (Figure 18). However, by the early-to-mid
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summer the numbers of these juveniles were negligible in the diets of nearshore-gillnetted
rainbow trout (Figure 18). This observation was consistent with what other researchers had
seen insofar as recently-emerged sockeye salmon fry first rear close to shore, shortly after
emergence, where rainbow trout are known to feed in the spring, but then move off-shore into
pelagic areas (Rosenau 2014a). Gilhousen and Williams’ (1989) data also provided strong
evidence for the interrelationships and linkages between highly-functional nearshore habitat in
Shuswap Lake, sockeye salmon production and the productivity of rainbow trout.
The diet analysis of Shuswap Lake fish-predators in the Gilhousen and Williams (1989) study
indicated that the bulk of the food items eaten by rainbow trout in 1975 (during the spring and
early summer in a dominant year of sockeye salmon juvenile production) were fry, with
invertebrates comprising a significantly lesser portion of the food intake (i.e., less than 1/50th
the mass; Table 8). However, in 1976 (sub-dominant spawning-year offspring), when fry
numbers would have been considerably less because of the smaller sockeye salmon
escapement than in the previous year, invertebrates increased in the rainbow trout diet
substantially and comprised over 75% of the total food weight (Table 8). It should be noted
that compared to 1975, the average amount of weight of food in the rainbow trout stomachs in
the Gilhousen and Williams (1989) study dropped by one third suggesting that the dominant
runs of sockeye provide a disproportionally-important food source for Shuswap watershed
rainbow trout (Ward and Larkin 1964).
As a cautionary note regarding interpretations of the Gilhousen and Williams (1989) rainbow
diet data, the sample sizes of captured fish were fairly small and the catches of trout only
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occurred during a proscribed, relatively short, period of the year (mid-spring to early summer).
Furthermore, Gilhousen and Williams (1989) are somewhat vague in respect to the taxonomic
identification of the invertebrate composition of the rainbow diets. Nevertheless, it seems
highly likely that most of the invertebrates in the rainbow trout gut samples would have been
part of the nearshore-insect ecosystem including both aquatic and terrestrial representatives.
Because all but two rainbow trout examined were greater than 300 mm, most of the
invertebrates in the diet consumption would have likely been the larger aquatic and/or
terrestrial insects rather than the very-small bodied plankton species. (Gilhousen and Williams
(1989) do not mention any plankton analysis in their diet studies.) Again, the objective of
examining these data in the Gilhousen and Williams (1989) paper was to gain insight into the
importance of the littoral and riparian areas by relating their observations of the various
taxonomic food-groups produced within and by these habitats and eaten by these rainbow
trout.
Another study that examined rainbow trout diet in Shuswap Lake can be found in a draft report
written by Hebden (1993) of the British Columbia Ministry of Environment, Lands and Parks
Fisheries Branch program in Kamloops, British Columbia. For the period 1988 to 1991 Hebden
(1993) examined the diets of lake char and rainbow trout captured from Shuswap Lake (Figure
19). Because of the time frame, the work encompassed a full cycle of sockeye salmon
escapement into the Shuswap watershed. For this work, the mean length of rainbow trout
sampled from Shuswap Lake, via a sport-fishery creel, was 441 cm for a sample size of 1,639
fish. In other words, this diet study was comprised of large rainbow trout which was,
apparently, the most common size range for this species from these lakes.
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The rainbow trout stomachs that were examined by Hebden (1993) had a wide range of
taxonomic diversity within and amongst years. And similar to many of the other studies
discussed in this report, Hebden (1993) saw that 19% to 32% of the rainbow trout that were
looked at had empty guts (Figure 19). While these large lake Shuswap watershed rainbows
foraged on a wide diversity of organisms, like the trout in other large lakes such as Lake
Washington, Lake Tahoe, Quesnel Lake and Kootenay Lake (Beauchamp 1987, Warner and
Quinn 1995; Beauchamp et al. 1994; Parkinson et al. 1984; Andrusak and Parkinson 1984;
respectively), the incidence of piscivory was high ranging from 19% to 39%. Nevertheless,
despite the focus on fish as a food item for the rainbow trout in these various lakes, insects still
comprised a significant portion of the diet, including Shuswap Lake. Oddly, the expectation is
that 1991 would have shown large numbers of sockeye fry in the rainbow trout diets (Figure 19)
given that 1990 was a dominant-sockeye salmon spawning year in the Shuswap watersed.
However, the Hebden (1993) do not show this trend for his sampling in 1991; it is not clear
whether or not this inconsistent observation is the result of a sampling error, an outlier year or
something that affected rainbow trout foraging that is not yet understood.
For Shuswap Lake rainbow trout diets in the Hebden (1993) study, insects comprised a
significant component of the forage for this species ranging from 7% of the fish examined in
1991 to 36% in 1989, the latter being a year when there were few sockeye juveniles in the lake.
Unfortunately Hebden (1993) does not provide a taxonomic breakdown of the insects eaten but
it is almost certain that these invertebrates included a mixture of littoral-aquatic and riparianterrestrial insects. Furthermore, it is likely that many of these insects would have had, as key
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habitats, the nearshore environments that are of interest to this report including the littoral,
foreshore and riparian zones within the large lakes in the Shuswap watershed.
In addition to insects, Hebden (1993) indicated that there were a variety of species of fish that
were also eaten by the Shuswap Lake rainbow trout. What is striking about the assessment in
the Hebden (1993) draft report is the magnitude of year-to-year variability in both the
percentages with fish in the diet (19% - 39% of the stomachs) as well as the changing mixture of
taxonomic groups (Figure 19). Notably, Hebden (1993) does not completely identify, to species,
the fish taxa that were eaten by rainbow trout; he used categories of “sockeye salmon fry” and
“smolts”, “kokanee”, “Chinook salmon” and “coarse fish” (his terminology). Nevertheless, the
species of coarse fish in these diets would likely have included a variety of cyprinids (the
minnow Family), catostomids (the sucker Family) and cottids (the sculpin Family). These are
fishes that are common to the large lakes in the Shuswap watershed and mostly rear in the
nearshore areas.
The juvenile salmon that were a predominant part of rainbow trout diets in Shuswap Lake in
the Hebden (1993) report varied between species, ecotypes and age-classes. While for some
years sockeye juveniles formed a major component of the diet (e.g., in 1988 they ate dominantyear smolts and sub-dominant-year fry; in 1989 they ate sub-dominant smolts), in non-cycle
sockeye salmon years Chinook salmon juveniles prevailed as a dominant food (Figure 19).
Understandably, sockeye salmon also dominated as a diet item in a year with large numbers of
fry (production of a sub-dominant run) and smolts (production of a dominant run) in the lake
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(80% in 1988) but, oddly, were not seen in the diet in substantial numbers during 1991 which
should have had many fry from the dominant year spawning in 1990.
The presumption is, as well, that the kokanee salmon observed by Hebden (1993) data were
probably eaten by rainbow trout in the pelagic zone and were larger and older age classes,
similar to that seen in Quesnel, Kootenay and Okanagan lakes (Andrusak and Parkinson 1984,
Parkinson et al. 1989, Sebastian 2003). Nevertheless, like the anadromous sockeye salmon
these land-locked nerkids in Shuswap Lake may have also had a nearshore phase to their lives
much like their anadromous conspecifics and they may have been eaten by rainbow trout when
they were young fry and living out their lives in littoral habitats.
Many of these fishes, salmonid and otherwise, eaten by the rainbow trout in the Shuswap large
lakes (Hebden 1993) would have been foraged on within the foreshore areas of the lake. For
example, recently emerged sockeye fry live along the shoreline and use the nearshore habitats
late-June/early July (Rosenau 2014a) where they would have likely been eaten by these
Shuswap Lake rainbow trout (Rosenau 2014a). The Chinook salmon mentioned by Hebden
(1993), (presumably juveniles) and dominant in the diet in a non-sockeye salmon year (1990),
are also shoreline-oriented fish when in Shuswap Lake and would have used the nearshore
habitats for rearing (Rosenau 2014b). The primary habitats for most of the cyprinids,
catastomids and cottids found in the Shuswap watershed lakes, and eaten by rainbow trout, are
also predominantly nearshore-rearing fishes (McPhail 2007).
Hebden (1993) also found eggs and carcasses of fish (presumably decomposing sockeye salmon
salmon after the large dominant-cycle run of 1990) in the diets of rainbow trout in 1991 (Figure
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19). These diet items may have been entrained into the lake from the major salmon-spawning
streams (e.g., the Adams River) or were the remains of carcasses from shoreline-spawning
sockeye habitats (Rosenau 2014a).
As a summary, multiple lines of evidence, both in situ and elsewhere, point to the importance
of nearshore areas in providing important habitats for the production of rainbow trout in large
lakes including the Shuswap watershed.
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USE OF LACUSTRINE-NEARSHORE HABITATS BY LAKE CHAR
GENERAL BIOLOGY OF LAKE CHAR
The lake char is a species that is native to cold-water lakes across North America, from central
and northern British Columbia to Labrador, and south to the New England states as well as in
Montana. It has also been transplanted into watersheds around the world including Europe,
South America and New Zealand (Scott and Crossman 1973, McPhail 2007).
Lake char, in its native range, geographically follows down to the latitudes that comprise the
approximate limits of the Pleistocene glaciation (Lindsay 1964) although, perhaps, not so far
south in British Columbia. In this province the natural distribution of lake char is from the midto-upper Fraser River as well as the more-northerly watersheds of the upper Skeena, Nass,
Iskut-Stikine, Taku and Yukon drainages, including also the Peace and the Liard rivers (McPhail
2007). The Okanagan, Columbia and Alouette drainages also, now, contain lake char as a result
of transplanting.
Lake char are predominantly a lacustrine-oriented species with large lakes being primary
habitats in their southern range (Scott and Crossman 1973). In the more northerly areas, small
lakes are also used by lake char and there are populations that can be found using streams, as
well (Loftus 1957, Scott and Crossman 1973, Martin and Olver 1980). Marine waters are not
usually used by this species although there are some rare exceptions (Swanson et al. 2010).
The preference of the lake char is to inhabit waters having colder temperatures than used by
most other salmonids and, although they can survive up to 23.8oC (Gibson and Fry 1954), they
prefer water that is c.a. 10oC (Martin and Olver 1980). This means that their distribution in
lakes during the warmest months of the year is often physically-located below the thermocline,
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and usually close to the bottom of the water column (McPhail 2007). This demersal behavior
by lake char is most-often found in the lower latitudes of its range of lake.

REARING-HABITAT PARTITIONING IN LAKES BY LAKE CHAR
In their lacustrine habitats, lake char are generally an off-shore species utilizing deep-water
zones, particularly during the thermally-stratified warmer-summer months. Still, nearshore
areas are usually used for spawning and sometimes early-rearing by juveniles. Generally it is
populations in the more northerly and cooler lakes of the distribution of lake char where
nearhsore habitats are used year round. Thus, as a rule-of-thumb Salvelinus namaycush will
shift from one-to-another aquatic habitat within a lake depending on its life-stage and the time
of the year. This is often dictated by the season and the thermal characteristics of a lake for a
given season. In large lakes that are thermally stratified during the summer, all age classes of
lake char are found near the bottom but then these fish shift to use the whole water column
during the homothermic colder-months of the year (McPhail 2007).
For some populations, young-of-the-year lake char reside in shallow areas for the first several
weeks after emergence and gradually move into deeper water as the season progresses (Peck
1981, Bronte 1993). Although the lake char fry of some populations will use the lake shoreline
as habitat for extended periods, for other stocks the young will quickly move out to deeper
water right after emergence from the spawning substrates (Scott and Crossman 1973, Peck
1981, Olver 1991, McPhail 2007). Netto (2006) characterized this variation in behavior by
stating that recently emerged lake char do not remain in the nursery areas for very long if the
water temperatures are high; this trait might influence their early life history to move from
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nearshore habitats in warmer, more southerly populations such as in Shuswap Lake. Still, for
some populations, juvenile lake char can remain associated along the shoreline for some
extended period of time. McPhail (2007) suggested that for Dease Lake, a cold-northern British
Columbia water body, yearling lake char will stay inshore in 50 cm of water and 1-2 m off the
edge of the water well into their first year and this might be an anti-predation behavior.
Recently-emerged lake char are planktivores. They also eat small forms of aquatic insects at an
early age, but shift to larger invertebrates as they grow bigger (McPhail 2007). Larger lake char
are known to be highly piscivorous and this is a diet theme that is repeated over-and-over again
across the distribution of this species. Anderson and Smith (1971) found that the diets of lake
char greater than 20 cm tended to be dominated by fish prey but Madenjian et al. (1998) and
Olver (1991) suggest that this piscivory only starts to occur at 35-40 cm. Notably, there are a
few populations of lake char that are completely planktivorous throughout their lives (McPhail
2007).

LAKE CHAR SPAWNING BEHAVIOUR
Lake char do not construct redds as do most other salmonids but spawn over coarse materials
onto which the fertilized eggs drop into the crevices between the constituent sediments and
are, thusly, generally protected from predation. Spawning habitats such as these are usually
referred to as “shoals” (Scott and Crossman 1973). Lake char generally reproduce in the fall
(Redick 1967) but Martin and Olver (1980) report that they can be found to spawn, somewhere,
from June to January over its current range. The exact time of year that this species
commences reproducing depends largely on the latitude that a given population of lake char
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live at with fish in the north normally starting to spawn earlier than those in the south (Martin
and Olver 1980). McPhail (2007) suggested that, for British Columbia, reproduction starts
earlier in more-northerly part of the province (September) and later in the south (November).
Anderson (2013) first undertook an hatchery egg-take from wild lake char from Moberly Lake,
north-central British Columbia, on October 7, 2010; subsequently, in 2012, Moberly Lake fish
were spawned in the mid-part of the same month. Because development of embryos and
alevins generally takes place over the late-fall and winter, and under very cold temperatures,
the incubation often lasts for four or five months (Scott and Crossman 1973).
The onset of spawning by lake char in lakes appears to be facilitated by a drop in temperature
and disturbed (stormy) weather (Royce 1943, Smith 1985). Stormy weather seems to facilitate
mixing of the water-column of the lake so that it becomes homothermic. That is, the water
temperatures are the same from top to bottom and lake char seem to take this on as a cue to
reproduce. The spawning period of lake char for a given population, over its range as a species,
can be short or protracted—including from several days to a number of weeks—depending on
the size of the lake and numbers of fish (Royce 1943, Smith 1985).
Spawning by lake char mostly occurs at night but, for a few populations, it happens during the
day time (Martin and Olver 1980). The numbers of fertilized eggs released onto spawning
shoals can vary widely. For example, Marsden et al. (2005) found densities of embryos, that
they measured in Lake Champlain, Parry Sound and northern Lake Michigan, to be 118–9,623
eggs/m2 (median = 652), 39–1,027 eggs/m2 (median = 278), and 0.4–154.5/m2 (median = 1.7) ,
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respectively. Marsden et al. (2005) commented on the extremes that have been reported in
the scientific literature to values of over 12,000 embryos per square meter.
Lake char have been shown to home back to their natal spawning areas in order to reproduce
(Martin and Olver 1980, MacLean et al. 1981, Marsden et al. 1995). This may be facilitated
through imprinting via the scent of the natal area during their post-hatch stage of life (Young
and Oglesby 1972, Moyle and Cech 2000). Nevertheless, McAughey and Gunn (1995) and Gunn
and Sein (2000) suggested that lake char can spawn in new areas through actively seeking
alternative locations when the previous habitats are no longer suitable. This does not mean,
however, that the survival of embryos and alevins is necessarily as good at the new locations
when the old once have been destroyed. Gunn and Sein (2000) also suggested that the fish can
sense whether or not a natal spawning habitat is no longer suitable once it has become
degraded by human, or other perturbations, and may go elsewhere, albeit to potentially less
productive areas prior to the destruction of the former spawning site.

LAKE CHAR SPAWNING HABITAT
Most populations of lake char, throughout their geographic distributions, spawn along
windswept lake edges, or reefs, these features often having significant currents or water
movements over their surfaces. Lake char are usually shoreline-spawning fish but can also be
found to reproduce in deep, offshore reefs. The recorded depth of this reproductive activity is
as shallow as 8 cm but also as great as 91 meters (Royce 1943, Galligan 1962, Martin and Olver
1980, Smith 1985, Bronte 1993, Perkins and Krueger 1994, Marsden 1994, Marsden et al. 2005,
Tibbets 2008).
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Ostergaard (1987) indicated that embryo survival in lake char is determined by such parameters
as substrate composition, temperature, and oxygen concentrations. Martin and Olver (1980),
Eshenroeder et al. (1995), Marsden et al. (2005) and Netto (2006) have suggested that for lake
char spawning habitats the quality of a location, in terms of incubation survival, can also be
dependent upon the local weather patterns which can affect all of these three parameters. As
part of this, the orientation of a spawning area to the direction of the prevailing weather
patterns (i.e., the aspect and fetch) may be important for survival of the embryos and alevins
(Marsden et al. 2005). Thus, the presence or absence of strong winds and resulting currents at
a spawning/incubation site may positively affect survival through the oxygenation of the water,
entrainment of metabolic wastes from the embryos/alevins and the removal of any silt that
could smother these developing larval fish from the shoal (positive attributes); alternatively,
death can occur to the embryos and alevins via physical impacts of the strong currents or
waves, including displacement of these larval fish from their incubation shoals (negative
attributes).
Lake char generally spawn into coarse, clean substrates and without constructing redds like
most other trout, salmon and char do (Scott and Crossman 1973, McPhail 2007). Martin and
Olver (1980) observed sediment diameters to commonly be 3-15 cm, often also with
interspersed boulders. Marsden et al. (2005) provided a comprehensive look at a variety of
spawning shoals in Lake Champlain, Parry Sound and northern Lake Michigan and, for their
“excellent” category, showed that 10 cm diameter is usually the smallest substrate size (Table
9).

46

During spawning, once released from the female’s body, the eggs are fertilized and the
embryos drop into the cracks and crevasses between pieces of gravel, cobble and boulder
sediments. They are, thusly, protected from predation and current-mediated displacement.
The reported spacing between sediment particles varies from location-to-location in lake char
spawning habitats. Fitzsimons (1995) and Marsden et al. (1995) indicated that spawning reefs
are often comprised cobbles with deep spaces between each particle into which the embryos
drop and this protects the developing offspring during incubation. The interstitial spaces
described by Marsden et al. (2005) were usually significantly greater than 10 cm although for
many of the sites the gaps were much greater (Table 9). Wager (1982) and Gunn (1985) stated
that good lake char spawning/egg incubation habitat is generally described as porous substrate
with interstitial spaces greater than 30 cm.
The absence of fine sediments (either inorganic or organic) appears to be a common theme as
reported by lake char researchers for good-quality spawning areas. For example, Jude et al.
(1981), Marsden et al. (1988), Marsden (1994), examining lake char spawning habitats in Lake
Ontario and Lake Michigan, found that the lake char spawning habitat had little to no organic
material. Redick (1967) outright stated that benthic substrates covered with “heavy bottom
sediments [a.k.a. finer materials]…are useless for lake trout spawning sites”. Martin and Olver
(1980) specified that for lake char spawning sites that they were familiar with “…sand, mud,
detritus, and vegetation are absent with wave and ice action keeping the shoals clean and
giving them a scoured appearance.” Interestingly, Martin and Olver (1980) also stated that lake
char do not use habitats with springs or seepage for spawning. It is curious that such upwelling
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hydraulic features that might otherwise help mitigate the entrainment of suffocating surface
material are not used by lake char for spawning. As a contrast, many other species of
salmonids utilize groundwater springs and seeps for spawning.
Often lake char spawning areas are located near lake-bed drop-offs. Some researchers are of
the opinion that that by having spawning beds with steep contours, this type of topography
might help keep the substrates clean insofar as such features are often associated with
significant water currents. Thus, fines that might otherwise suffocate eggs might be carried
away from the spawning shoals. Marsden et al. (2005) provided a comprehensive assessment
of a wide sample of spawning areas in Lake Michigan, Parry Sound and Lake Champlain showing
that steep-sided benthic areas were often used for spawning (Table 9). In a similar vein, Royce
(1943) found that lake char reproductive habitats tended to have strong currents that kept the
spawning substrates clear of fine materials.
In summary, clean, coarse substrates seem to be the key denominator for successful spawning
habitats used by lake char. Still, of all of the parameters, Tibbits (2006) felt that substrates that
are silt free are most important to lake char habitat selection rather than size or shape of the
coarse-sediment particles. His argument for this was based on the observation that lake char
could successfully spawn in Otsego Lake on angular gravel, with a smooth pebble mix and small
interstitial spaces, and still survive successfully. This has implications in regards to
anthropogenic development in nearshore habitats that might disturb fine sediments and
entrain silt and other materials onto lake char spawning beds and cause negative impacts.
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SHUSWAP LAKE NEARSHORE LAKE CHAR REARING
Throughout its range, sub-adult and adult lake char are predominantly known to use deepwater habitats for rearing in lakes (McPhail 2007). Only for lakes that are cold year-round, or
for just some cooler parts of the year in warmer lakes, can adult and sub-adult lake char be
routinely found to forage within the shallow-water areas of the nearshore lacustrine habitats.
Nevertheless, the variability in nearshore use by lake char ranges from recently-emerged
young-of-the-year residing in shallow areas for extended periods of time, and gradually moving
into deeper water as the season’s progress, to migrating out into deeper water soon after
emerging from the spawning substrates (Scott and Crossman 1973, Peck 1981, Olver 1991,
Bronte 1993, McPhail 2007). In another study, Netto (2006) also stated that recently emerged
lake char do not remain in the nursery areas for very long if the water temperatures are high.
Martin and Olver (1980) provide citations that suggest that as long as the water remains cold
over the summer period various age classes of lake char can remain on the surface of a lake and
inshore.
Extensive sampling by a number of researchers have found no evidence that young lake char of
any age use the shoreline of Little Shuswap, Shuswap or Mara lakes for early life-history rearing
(Graham and Russell 1979, Russell et al. 1980, Hatfield 1996, Brown and Winchell 2005).
Caution, however, needs to be exercised in regards to the suggestion that Shuswap lake char do
not actually use the lake shoreline for early rearing; that is, this assumption may be incorrect
for a number of reasons. For example, emergence timing has not been determined for lake
char in Shuswap Lake and a short, but critical, period of shoreline rearing may occur for this lifehistory stage that was missed by these studies. That is, sampling conducted by Graham and
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Russell (1979), Russell et al. (1980), Hatfield (1996), and Brown and Winchell (2005) (see
Rosenau 2014 a, b for times of sampling in these studies) may not have been early enough in
the year. Secondly, it may be that this aforementioned sampling effort, that had been
conducted on Little Shuswap, Shuswap and Mara lakes, was undertaken in the wrong locations
and/or over habitats that were difficult or impossible to catch fry with the gear that had been
used. Bison (1991b) located a number of spawning sites with mature and reproducing males
and females and much of the substrate was coarse, perhaps precluding the use of standard
seining gear that was used by most of these Shuswap watershed studies.
For Shuswap Lake, sub-adult and adult lake char are generally thought of as deep-water fish
(Table 10). However, overnight gillnet sampling by the International Pacific Salmon Fisheries
Commission (Gilhousen and Williams 1989) has shown that some lake char will forage within
the nearshore perimeter of Shuswap Lake, probably undertaking crepuscular movements into
the littoral areas to eat juvenile salmon at certain times of the year (Tables 6, 7, 8).
Nevertheless, there is no indication that older lake char are strongly associated with the littoral
areas of these Shuswap watershed lacustrine environments based on low angler catches in this
habitat (K. Davison, Sea-Run Fly and Tackle proprietor and professional angler guide, pers.
com.) and extensive sampling by these and other studies over the years (e.g., Aquatic Invasive
Species sampling program, Lynda Ritchie, Fisheries and Oceans Canada biologist, Kamloops,
pers. com.). For comparison, despite being a piscivore, the studies of diets of lake char indicate
that juvenile salmon are relatively more important to rainbow trout (Tables 7, 8), the latter
being a species that is known for its shallow-water and inshore behavior (Gilhousen and
Williams 1989; Table 10). Still, other fishes beside salmonids have been found in the diets of
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lake char, as per the Gilhousen and Williams (1989) study, and some of these may be rearing in
the nearshore areas and might be important to lake char production and survival (Table 8).
If lake char do not rear in the nearshore habitats of the large lakes of the Shuswap watershed,
the reason may be that the physical circumstances are simply not conducive to the needs of
this species. The one key parameter potentially precluding any age class of lake char from using
the shoreline of these Shuswap watershed lakes is temperature. Lake char are a cold-wateradapted fish and the Shuswap lakes may simply be too warm for these fish to want to remain in
shallow-nearshore surface waters. By late spring or early summer, the large lakes in the
Shuswap watershed routinely reach temperatures that are greater than 20oC (Figure 5) and
temperatures that are much colder than (6-13oC) are more conducive to juvenile lake char
rearing (McPhail 2007).
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SHUSWAP LAKE NEARSHORE CHAR SPAWNING
There has been only a limited amount of research undertaken in British Columbia assessing lake
char spawning habitat. The most comprehensive of these includes assessment of spawning
lake char in Shuswap and Moberly lakes (Shuswap Lake – Bison 1991b, 1991c, Moberly Lake –
Anderson 2007, 2013). The work by Bison (1991b, c), assessing the habitat and behavior of lake
char spawning in Shuswap and Little Shuwap lakes, was conducted over two spawning seasons
in the early 1990’s and it attempted to quantify lake char reproduction along the shoreline
using both echo-sounding and visual observations. Echo-sounding was found to not be a viable
method. However, mature lake char could easily be seen in shallow-littoral depths at night,
looking over the edge of a small boat, using strong lighting to illuminate the water column dow
to the benthic surfaces. Bison (1991b, c) also captured lake char in reproductive condition, in
these areas, using non-lethal fine-meshed tangle nets in order to determine biological (e.g.,
length, sex) statistics on these fish and tag them in order to determine movements.
Visual observations of mature lake char in the littoral zone were made to a depth of 6 meters
and over a 41.8 km-distance of lakeshore in the Main Arm and Salmon Arm, during October and
November 1990 (Table 11, Figure 20). In total, this assessment comprised 11% of the shoreline
perimeters of Little Shuswap and Shuswap lakes. Bison (1991b) saw mature lake char in a
reproductive state at five locations in the shallows along the shoreline of Shuswap Lake (Table
11). There were many other areas along the shoreline of these lakes that appeared to be good
for lake char reproduction, based on visual observations and literature descriptions of the
nearshore spawning habitats, but they did not have any fish (Bison (1991b).
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In the fall of 1991 the lake shores of Shuswap Lake (105 km Main Arm; 58 Seymour Arm; 4 km
Cinnemousun Narrows), were again surveyed for lake char spawners. This time 167 km of
shoreline was examined, or 45% of Shuswap and Little Shuswap lakes. Within the survey, there
were a number of areas that had concentrations of adult lake char, including a few fish at the
top end of Seymour Arm. For the Main Arm spawning fish were seen at Blake Point-toCelistown (same as 1990), the north shore of Cinnemousun Narrows as well as a broad-sweep
scattering of fish on the south shore of the Main Arm. For the 2.5 km of the Blake PointCelistown area, the observers saw 36 spawners on November 7, 1991. Cinnemousun Narrows
also had spawners albeit a smaller number. Finally, the south shore of the Main Arm had
repeated numbers of small groups of fish spawning over a very long and diffuse area over much
of its length.
Shuswap Lake is a very large body of water and, in addition to Mara Lake and Little Shuswap
Lake, has a long shoreline and extensive nearshore areas (Table 1). And while the Bison (1991b,
c) studies still did not completely cover all portions of these lakes, the large sample size that
they did undertake provided a good start to the understanding of what comprises habitat for
lake char spawning in the Shuswap watershed. In addition to the locations where Bison (1991b)
saw spawning fish, there were many other areas that seemed appropriate for reproduction, but
did not have mature lake char. Although he could not come up with any definitive reasons for
this observation, more research may further clarify our understanding of lake char spawning in
this watershed.
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DISCUSSION
INTRODUCTION
Landscapes in British Columbia have undergone profound changes over the last 50 years with
increasingly more anthropogenic effects impacting aquatic ecosystems over this time (Rosenau
and Angelo 2009). Activities affecting these lakes and streams and their fish habitats include
affects due to forestry, mining, agriculture, development of hydro-electric power and land
development. In this context, while much interest and effort has been generated, over the last
25 years, in the protection and restoration of streams within this province, lakes have not
received nearly the attention that they, perhaps, have deserved. Furthermore, where habitatrestoration works to large-lake environments have taken place in this province, they have
largely been through lake fertilization (Ashley and Stockner 2003) or reservoir drawdown-zone
habitat remediation via development of foreshore vegetation communities (e.g., Hawkes et al.
2013). Restoration of habitat in lakes has largely not been structural in respect to their
substrates, morphology, and/or large woody debris, the recent and current Shuswap Lake
Integrated Planning process being an exception to this observation (SLIPP 2009).
Outside of damming, many of the physical impacts to fish habitat in British Columbia lakes have
been associated with nearshore-vegetation removal (both aquatic and riparian/terrestrial) and
alteration of the structural characteristics of the shoreline (e.g., removal of coarse armoring
layers to create groomed beaches, riprapping for bank protection, construction of shoreline
walls). Historically, such changes have been particularly frequent in respect to activities by the
forest industry and land development. Nevertheless, following from the debate about land-use
and harvest-harvest practices in forestry in British Columbia, in the 1990’s, the Forest Practices
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Code Act and the subsequent Forest and Range Practices Act were implemented to address
impacts to watercourses as a result of logging. These Acts and their Regulations largely
mitigated forestry-related encroachments into the sensitive nearshore aquatic and riparian
vegetation zones near watercourses, including lakes, in a much more diligent way than had
previously occurred by the logging industry (e.g., Tschaplinski 2010, Carson and Maloney 2013).
However, for impacts associated with land development along the edge of lentic environments,
particularly in the context of the burgeoning development of recreational properties on large
lakes in the central and southern part of the province (e.g., Cowichan, Pitt, Shuswap, Okanagan,
Quesnel, Christina, Windermere, Kootenay), the activities and rules have been somewhat more
checkered in protecting shoreline habitats.
In the latter part of the 20th century, some of the local governments in British Columbia began
to initiate lake-protection guidelines with respect to foreshore development (e.g., Anon. 2000,
Zirnhelt and Holmes 2003). For new developments around water, including lakes, the British
Columbia government implemented the Riparian Area Regulations for specific areas in the
province. These regulations applied to many of the large lakes in the southern part of British
Columbia including those in the Shuswap watershed in the Columbia-Shuswap Regional District
(Province of British Columbia n.d.).
Other initiatives have also been undertaken by local governments in British Columbia to assist
in the protection and restoration of nearshore habitats in large lakes in the face of human
impacts. For example, in order to protect fisheries habitat and other environmental attributes
in the Shuswap watershed, a multi-stakeholder group has also come together under the
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Shuswap Lake Integrated Planning Process (SLIPP), and which is managed by the Fraser Basin
Council. SLIPP has helped to develop guidelines and initiatives to manage sustainable human
activities in and around the large lakes of the Shuswap watershed (SLIPP 2009). A
comprehensive set of management guidelines, for the protection of nearshore habitats in these
large Shuswap watershed lake,s has been developed by Ecoscape (2011). And, of course, the
Canada Fisheries Act habitat protection law still applies to these freshwater ecosystem
attributes.
Nevertheless, it is recognized by the fisheries habitat management agencies that many of the
land development impacts to fish habitat along the shoreline of the large lakes of the Shuswap
watershed occurred many years ago. For many of the riparian properties on these large lakes,
and transportation-related infrastructure such as roads, these profound changes impacted the
nearshore habitats more than a half century ago, prior to the legislation and policies that we
now have to protect nearshore habitats. Such changes that have historically occurred and have
impacted the nearshore areas have included the construction of docks/wharves, buoys, boat
ramps, landscaping involving the removal of aquatic and riparian vegetation, riprapping to
protect roads and other infrastructure, and the clearing of coarse-foreshore sediments in order
to groom beaches (Ecoscape 2009).
For the large lakes in the Shuswap watershed, Ecoscape (2009) estimated that 43% of the
shoreline had had a high level of human impact and this accounted for 174 km of shoreline.
Lake perimeters with low impacts via anthropogenic activities accounted for only 32%, or 128
km, of the shoreline. Only 33 km, or 8%, of the perimeter of these lakes had little to no impact
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to these edge habitats. While for 32% of the lineal distance there was still a substantial
component of the shoreline habitat that was natural, the most common type of development
affect to the perimeter of these large Shuswap watershed lakes consisted of family residential
properties (22%). This last statistic confirms the role of recreational land development as one
of the drivers of shoreline habitat loss in these lakes.
As a summary of the findings that Ecoscape (2009) quantified, the following lists the individual
types of modifications that are thought to have impacted on fish productivity in the large lakes
of the Shuswap watershed:
•

a total of 2,789 docks were observed,

•

1,529 retaining walls were counted and many (48%) of these were constructed at
elevations that started well below the normal high-water levels of the lake surface,

•

the length of the retaining walls comprised 13% of the lineal distance of the shorelines,
or about 52 km,

•

groynes, which are usually piled-up natural rocks and boulders and normally oriented at
90o to the shoreline, comprised 1,170 individual sites; many of these structures were
made of the coarse native sediments from the immediate area which, when removed,
exposed finer, underlying sediments (i.e., the groynes were piled-up overburden
constructed in order to groom the beach and create sand and small-diameter-gravel
lake-bottoms in areas of naturally coarser-surface material). (The finer sediments are
subsequently often subject to erosion and mobilization into the water column during
high-wave activity. The subsequent re-deposition of these fines can affect fish and
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insect rearing and spawning habitats. Ecoscape (2009) suggested that this activity has
resulted in significant impacts to emergent vegetation and shoreline spawning areas.),
•

about 200 concrete launches and 51 marinas were counted.

As part of the Ecoscape (2009) assessment, about 25% of the large-lake Shuswap watershed
shore length was seen to have had substrate modification. This was most commonly associated
with the creation of a large number of groynes and beach grooming, building of retaining walls,
riprapping to protect transportation infrastructure and sand importation to create swimming
beaches.
REARING HABITAT
For Mara, Shuswap and Little Shuswap lakes, what makes the issue of foreshore-habitat
modification so difficult for the environmental agencies to deal with is that the naturalhydrological drawdown of the water-surface elevation, over the yearly hydrograph, is so
substantial (Figure 4) that it allows riparian landowners to easily modify the foreshore by
accessing a dry lake-bed during the low-water months. The dewatering of the beach permits
riparian landowners easy entrée onto the foreshore to clear woody debris and displace largesediment lake-bed armoring particles (boulders, cobbles, large gravel) in order to groom
beaches for swimming in anticipation when the water rises over the summer period. In many
cases this action constitutes trespass on to Crown Land (Ecoscape 2009).
For Shuswap Lake these coarse-sediment removal activities are likely to have had profound
impacts to the productive capacity of the fisheries values therein although the agencies have
yet to obtain a firm grasp on the actual magnitude. This is, in part, due to the difficulties in
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working in such large-scale ecosystems and the complex linkages between habitat and a
multitude of invertebrate, fish and plant species. However, this is not to say that the potential
for impacts have not gone completely unrecognized, as agencies, for some time now, have
been voicing their concerns. As an example, in their nearshore study over 30 years ago Graham
and Russell (1979) articulated concerns that land development along the nearshore of Shuswap
Lake at the confluence of the Adams River would have on fish habitat. Indeed, over the last
three decades, the provincial and federal management agencies have increased their
knowledge regarding the linkages between fish use and habitats in Mara, Shuswap and Little
Shuswap lakes with the objectives of using this information to protect and restore this fish
ecosystem. Rosenau (2014a, b) discussed some the historical research that had been
undertaken for juvenile sockeye and Chinook salmon and described the importance of
nearshore habitats in these lakes for these species. In this report I have described the
putative-habitat use by rainbow trout and lake char in the nearshore environments of these
three large lakes in the Shuswap watershed by looking at the research that has been
undertaken in situ as well as extrapolating from other such fish ecosystems in British Columbia,
North America and around the world.
For rainbow trout, changes to that habitat structure of the nearshore area via development,
and the possible effects on productive capacity, includes a number of facets. Firstly, there is
the high likelihood that clearing of vegetation along the shoreline of these three large Shuswap
watershed lakes will have reduced the production of terrestrial invertebrates. As discussed in
this report large lake-reared rainbow trout will, at times of the year, forage heavily on
terrestrial insects and this likely includes fish of this species in these large Shuswap lakes. In
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addition, the large-scale clearing of coarse sedimentary materials (boulders, cobbles, and
gravel) in the foreshore will likely affect food sources both directly and indirectly. Rainbow
trout are known to eat large macro-invertebrates that reside in the littoral areas and the
rocky/cobble foreshore, when inundated in the spring, comprise habitat for particular species
of aquatic insects. Many taxa of lacustrine aquatic macro-invertebrates rear only amongst
coarse substrates (e.g., various species of mayflies) and the community of insect species therein
are of very different in taxonomic complexities than those living in fine sediments. Removing
the armoring layer of coarser sediments along the foreshore also has the effect of entraining
silt into the water column and directly smothering periphyton as well as invertebrates.
Reducing the numbers of some of these invertebrates through disturbance of the foreshore or
the riparian areas can have a trophic cascading effect. Rainbow trout in Shuswap Lake are
known to forage extensively on Chinook and sockeye juveniles at particular times of the year. A
reduction in productivity for juvenile Chinook and sockeye via the loss of invertebrate food
from these two habitats would almost certainly result in reduced feeding opportunities for the
rainbow trout that forage on them in the nearshore during the spring.
The importance of development on riparian areas in lakes had become of increasing concern
and interest in other countries around the world as populations grow and settle along
nearshore areas, particularly for recreational activities (Schindler et al. 2000, Zirnhelt and
Maloney 2003, Smokorowski and Pratt 2006). Various researchers around the world have
provided an increasingly better understanding of how land development along lakes has
affected the aquatic productivity therein. Nevertheless, Smokorowski and Pratt (2006) point
out that experimental evidence supporting the importance of physical habitat within and
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around lakes with the objective of maintaining aquatic productivity is surprisingly rare for lakes.
They suggest that this lack of information is likely the result of the high cost and low power of
whole-system scientific manipulations in such ecosystems.
Smokorowski and Pratt (2006) also state that, as a rule of thumb, correlational evidence
suggests that simple substrates (i.e. mud, sand) are generally of lower value as fish habitat in
lakes. These simple benthic habitats are seen to generally have the lowest fish abundance,
richness and diversity although some species and some life-history types are adapted to these
sediment types, or use them at specific periods (e.g., night) (Smokorowski and Pratt 2006). The
act of beach grooming, by removing boulders, cobbles and large woody debris, provides
landowners with lake bottoms that have smaller-grained substrates—good for swimming but
generally simpler and less conducive for fish production if Smokorowski and Pratt (2006) are
correct. For comparison, Smokorowski and Pratt (2006) pointed out that correlational evidence
suggests that complex substrates (e.g., gravel, cobbles, boulders) have higher fish abundance,
richness and diversity than simple substrate areas (e.g., silt). In contrast, they suggest that
areas with submersed aquatic macrophytes have even greater values than the other two
attributes. Again, lakeside property owners are prone to clear out aquatic vegetation from
their waterfronts in order to facilitate water sports.
Smokorowski and Pratt (2006) also suggest that large woody debris can be important for fish
production in lakes in a variety of ways. They pointed out that woody debris can provide
physical structure in which fish can hide within. Large woody debris can also provide surface
habitat for high macroinvertebrate densities. Smokorowski and Pratt (2006) suggested that
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sometimes the densities of insects can be as great as that found on aquatic macrophytes.
Nevertheless, despite aquatic large woody debris being good habitat for aquatic resources in
lakes it is often destroyed in the process of development in lakeside properties (Ecoscape
2009).
Christensen et al. (1996) found that as shorelines of lakes in north temperate United States
were increasingly developed for recreational properties, aquatic large woody debris, dead
shoreline trees and the density of trees in the riparian forest declined. Because it takes such a
long time to recruit such material to recruit into such lakes (e.g., hundreds of years), the
impacts to fish habitat via development can be temporally extensive. Similarly, Jennings et al.
(2003) looked at the quantity of woody debris, emergent vegetation and floating vegetation
and found that these had decreased at developed sites in lakes with greater cumulative
lakeshore-property densities. Sass et al. (2006) also suggested that as lakeshores are
developed, the riparian property owners often reduce the amount of trees along the shoreline
and take away logs or fallen limbs from the adjacent littoral zone and this negatively alters fish
habitat and produces deleterious ecosystem changes. In a large-scale experiment, Sass et al.
(2006) removed more than 75% of the large woody debris habitat from a treatment basin,
while leaving the reference basin unaltered, in Little Rock Lake, Wisconsin. After the wood was
removed, fish in the basin with the wood removed consumed less prey fish than before and ate
more terrestrial prey. These predators also grew more slowly relative to the population in the
reference basin.
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In another study looking at the effects of human activities on shorelines of lakes in both the
Pacific Northwest and the Midwest of the United States, Francis and Schindler (2006) found
that residential development had a strongly negative effect on large woody debris and riparian
forest characteristics at both local and whole-lake scales. The developed areas generally had
less-dense forests, along the perimeter of shorelines, presumably mostly due to clearing of the
vegetation by humans. Francis and Schindler (2006) suggest that alterations in the riparian and
littoral habitats in lakes where substantial development has taken place was due to
replacement of native forests with homes, lawns, and other residential structures. This analysis
showed that there was a strong positive correlation between natural riparian forest density and
littoral large woody debris abundance, as compared to developed landscapes, in both of the
regions that were studied.
Recent studies have also started to also demonstrate the direct role of riparian vegetation on
the production of fishes in lakes and the impacts associated with its removal for land
development in riparian areas. Lakeshore riparian vegetation provides habitat for terrestrial
insects that can be entrained on to the lake surface and provide food for fishes. Francis and
Schindler (2009) quantified the effects of lakeshore urbanization on terrestrial insect subsidies
to fish in four lakes in the Pacific Northwest, a one-time field survey of 28 Pacific Northwest
lakes, and a literature survey of 24 North American lakes. Their key finding was that at all
geographical scales the amount of terrestrial invertebrates available for fish declined as
shoreline development increased. For certain times and locations terrestrial insects comprised
up to 100% of fish diet mass in undeveloped lakes but this declined down to 2% in developed
lacustrine habitats.
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The work that Francis and Schindler (2009) undertook also had relevance to specific to trout
species; in undeveloped lakes these salmonids had an average of 50% greater daily energy
intake, and up to 50% of this was terrestrial prey, an highly significant amount. Francis and
Schindler (2009) suggested that their “…results suggest that lake with intact shorelines have a
greater capacity to grow and sustain fish populations, in part due to the importance of the
increased inputs of terrestrial prey.”
In concert with these observations, Francis et al. (2007) found that the quantity of organic
sediments in Pacific Northwest lakes along a development gradient had a 10-fold decline in the
proportion of detritus in littoral sediments and this was associated with an increasing density of
lakeshore dwellings. Many such organic materials are important, as food, for the production of
aquatic invertebrates in littoral areas and which are, subsequently, eaten by fish. Francis et al.
(2007) suggested that aquatic wood along the shorelines of the perimeter of the lakes traps
detritus, such as leaves that fall into the wetted nearshore areas, and this can contribute to this
littoral organic material which is food for invertebrates. Again, this study showed that
development along the shoreline can negatively affect fish production via another biological
pathway when the removal of the large woody debris occurs; that is, there can be the
subsequent loss of the detritus to deeper, less productive, parts of the lake where shoreline
aquatic-based invertebrates can no longer use that food.
Adding to the above-noted works, studies are now being conducted at detailed trophic levels,
using isotope analyses, looking at the linkages to the littoral zone in the production of fish and
the effect that human-shoreline development has on these ecosystem factors in large lakes. A
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study by Hampton et al. (2011) at Crescent Lake, which is a large oligotrophic lacustrine
environment in the state of Washington, found that by using stable isotope analysis the
scientists could show that shallow, nearshore habitats provided a disproportionate proportion
of food in the whole-lake food web, including for fishes. What was most notable is that
salmonids derived more than 50% of their carbon from nearshore waters, despite the fact that
this habitat accounted for only 2.5% of total lake volume. Even though land development on
Crescent Lake was relatively modest, there was a striking difference between developed and
undeveloped sites in regards to periphyton abundance and associated organic matter (i.e., food
for insects) with the former having negative affects to the aquatic ecosystem. This occurred
despite that fact that Hampton et al. (2011) found that there were no definitive signals that
these developed locations were degrading the habitat in respect to conventional measures of
water quality or in paleolimnological parameters.
In a similar vein, a German study looked at stable isotopes (δ13C, δ15N) in a number of European
lakes to determine the effects of shoreline development on aquatic productivity (Brauns et al.
2011). The work measured macroinvertebrate biomass and analyzed potential sources of food
resources using the isotopes to make comparisons between developed and non-developed
locations. Statistical mixing models were used in order to compare the complexity and the
trophic-base linkages of littoral-food webs.
Brauns et al. (2011) found that there was a lower diversity of littoral habitats at developed
shorelines as compared to non-developed areas. This was correlated with lower diversities of
food resources and their consumers. The difference between developed and undeveloped
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shorelines was very dramatic an the number of trophic links in food webs in the former was up
to one order of magnitude lower as compared with the latter. Consumer biomass at
undeveloped shorelines was mainly derived from fine particulate organic matter (FPOM) and
coarse particulate organic matter of terrestrial origin (CPOM). This means that much of this
organic matter entering the lakes would have come from the more-abundant riparian
vegetation in the undeveloped areas.
Brauns et al. (2011) also found that the contributions of CPOM to the consumer biomass was
twofold lower at developed shorelines. Compared to undeveloped habitats, the consumer
biomass was mainly derived from FPOM and suspended particulate organic matter (SPOM) in
the lakes where development had occurred. As a conclusion Brauns et al. (2011) suggested that
shoreline development affects the flow of organic matter within littoral food webs primarily
through the reduction in littoral habitat diversity. These effects were then amplified by the
removal of riparian vegetation. Linkages between riparian and the littoral zone were, thusly,
compromised due to nearshore development. Brauns et al. (2011) also recommended that
restoration of coarse woody debris, reed and root habitats could be a cost-efficient measure to
improve degraded lakeshores. In short, they suggested that lakeshore conservation should
focus on preserving the structural integrity of the littoral zone. Finally, in conclusion Brauns et
al. (2011) stated that “…shoreline development and the associated loss of littoral habitats
represent a pervasive alteration of the ecological integrity of lakes and have been identified as
major drivers for the loss of littoral biodiversity world-wide.”
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LAKE CHAR SPAWNING HABITAT
Land development of the nearshore habitats in lakes with lake char has the potential of
reducing the quality of their spawning habitats via the entrainment of sediments generated by
the disturbance of the landscape. This can occur as a result of riparian and upland removal of
vegetation and the disruption of the integrity of the soils during construction and site
preparation. The subsequent entrainment of fines into the lake often, then, occurs during rain
events. Fine sediment entrainment can also occur, as well, during the foreshore removal of
coarse sediments to groom beaches for swimming (Ecoscape 2009).
Bison (1991b) pointed out that most of the suitable spawning habitat identified by his lake char
inventory occurred in areas where lakeshore development had been the highest. The Main
Arm of Shuswap Lake is a favorite location for the development of seasonal and year-long
recreational properties along the foreshore. Lakeshore development and the removal of the
coarser armoring layers of large sediments, the surface layer of boulders, cobbles and large
gravel that prevents erosion of fines, for beach grooming was pointed out by Bison (1991b) to
be an important likely-impact to lake char spawning beds in this area (e.g., Figure 21). In areas
where such foreshore changes had been made, Bison (1991b) observed that exposed fines,
combined with wave action, caused striking increases in turbidity which was easily visible along
the nearshore during his surveying. As pointed out earlier in this report, such sedimentation
has the potential of deteriorating substrate quality within spawning habitats and subsequently
negatively effecting egg-to-fry survival. Protection of these key habitat attributes, through
education and enforcement, was suggested by Bison (1991b) as being needed for the
protection of Shuswap Lake lake char spawning beds. It is worthwhile noting the observations
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of the author of this report, as well, that fine sediments can be released along Shuswap
lakeshore beaches not only via beach grooming and clearing, but also from the upland areas in
locations with mature development (Figure 22).
The potential of human activities to affect the survival and production of lake char is of interest
to many fisheries managers in the Laurentian Great Lakes, and nearby watersheds, as many of
the populations therein have collapsed through overfishing, lamprey parasitism, non-native
species interactions as well as habitat degradation to spawning areas. Martin and Olver (1980)
have suggested that there have been stock collapses of lake char that have occurred due to the
entrainment of fine sediments onto spawning shoals throughout North America as a result of
landscape-disturbance activities. Such undertakings, as listed by Martin and Olver (1980), have
included agriculture, forestry and construction operations. Examples of losses of lake char
populatons due to impacts to spawning habitat have occurred in Lake Champlain (Reily and
Marsden 2009) and Lake Ontario (Christie 1972, Jude and Leach, 1999). Martin and Olver
(1980) also gave, as an example, a large-siltation event in Cayuga Lake that was thought to have
destroyed the wild population of spawning lake char in that water-body. In another location,
the final collapse of lake char stocks in Lake Erie was believed to have been the result of
anthropogenic effects upon the habitats of their spawning grounds (Martin and Olver 1980). It
is not unreasonable to suggest that lake char collapses have occurred through land
development and the entrainment of fine materials onto spawning shoals as Jennings et al.
(2003) found that in areas of recreational properties, littoral sediments contained more fine
particles at developed sites than non-developed areas. Again, lake char seem to require clean
substrates for their spawning shoals in order that the embryos and alevins can survive.
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In another study, Netto (2006) also suggested that the human-disturbance activities can
influence embryo survival in lake char spawning reefs. Specifically, Netto (2006) indicated that
increases in the entrainment of fine sediments and/or vegetation/algae growth (e.g., local
eutrophication) on spawning shoals can reduce the quality of the spawning habitat. Supporting
this, Sly and Evans (1996) stated that: “The transport of finer particulates by wind generated
water movements may limit the suitability of some substrates and successful spawning sites
that are usually remote from depositional effects.” Sly (1988) reported that fine sediments that
were entrained into the water column from up-current areas could settle on incubating
embryos and cause suffocation. The opinion, also, was that inshore spawning areas would
likely be more likely affected by sediment mobilization than more-distant offshore incubation
reefs.
In a similar light, Tibbets (2006) also suggested that lake char spawning habitats could be
affected by local eutrophication whereby the spawning habitats might become covered by live
or dead organic material resulting from plant growth. And while larger lakes have the ability to
maintain clean substrates though large-scale flows or currents, Tibbets (2006) suggested that
smaller lakes have a greater potential for a proportionally-greater loss of spawning habitat due
to the short fetches, and therefore less cleaning action by waves (see also Martin and Olver
1980; Marsden et al. 2005).
Protection and/or restoration of lake char spawning sites, in order to ensure self-sustaining
populations, have been of increasing management interest in eastern North America in recent
years (Marsden et al. 1995). As an example, Netto (2006) examined the spawning habitat for
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lake char in three geographic areas in Lake Superior in regards to their important characteristics
in order to make management recommendations to provide sustainability in the local
populations. Netto (2006) ran simulation-scenarios to explore the hypothesis that geographic
location and proximity to fine-sediment sources can affect the survival of incubating lake char
embryos and, therefore, the rate of population growth. For the various scenarios that Netto
(2006) tested, the habitat units with the higher-predicted egg-survival values occurred in the
absence of a source of fine sediment near the potential spawning sites. The survival difference
in the computer-modeling exercises undertaken by Netto (2006) was greatest when spawners
were limited to only the highest quality substrates.
As an epilogue to their paper, Martin and Olver (1980) suggested that the lake char is extremely
sensitive to exogenous, man-induced perturbations and that it was “…essential that pristine
conditions be maintained for the well-being of this species.” In addition to the mention of other
physical factors causing declines in lake char, particular mention was made of land-use
practices with cottage, resort and other shoreline development having deleterious effects to
these fish.
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SUMMARY
1. The large lakes of the Shuswap watershed (Mara, Shuswap and Little Shuswap)
comprise one of the most important salmonid ecosystems in British Columbia and
contain regionally and provincially significant populations of lake char and rainbow
trout.
2. Research from other large lakes in British Columbia, North America, and elsewhere
indicate that the riparian and littoral areas of such water bodies can comprise important
habitats for rainbow trout when they are found in these kinds of environments. This is
based on both their physical position within these nearshore areas and the macroinvertebrates and forage fishes that are part of these habitats and are fed on by rainbow
trout.
3. There is strong evidence that the nearshore habitats (littoral, foreshore, riparian) of
these large Shuswap lakes provide critical rearing habitats for sub-adult and adult
rainbow trout. Particularly important for rainbow trout are the mouths of streams, such
as the Adams River, where salmon eggs, fry and adult sockeye carcasses comprise an
important food source for this species. Also, key food sources for rainbow trout include
littoral and riparian habitats which provide macro-invertebrates that live in these
nearshore areas.
4. Shoreline areas are often used as lake char spawning habitats throughout their natural
and introduced range. This can occur in water as little as a few centimeters or greater
than 90 meters.
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5. Lake char spawn in Shuswap Lake, particularly in Main Arm in areas of extensive landdevelopment, although other parts of this lake are also used.
6. Large portions of the shorelines of these large lakes in the Shuswap watershed have
been developed including the perimeter of Little Shuswap, Mara and the Main and
Salmon Arms of Shuswap Lake.
7. Development along shorelines can profoundly and negatively affect the habitat quality
of nearshore areas of rainbow trout and lake char lakes. Impacts include the
disturbance and/or removal of coarse sediments (e.g., boulders, cobbles and large
gravel) and large and small woody debris, for beach grooming and other purposes. The
removal of natural riparian vegetation for landscaping and building also most-lively
negatively affects the various trophic levels of these fishes. Such effects to these fish
have been demonstrated by research outside of the Shuswap watershed and there is
mounting evidence that is his happening here, as well. It is highly likely that the largescale shoreline-property development on these large Shuswap drainage lakes have
negatively affected fishes found in this ecosystem. Impacts likely include the growth
and production of rainbow trout.
8. The entrainment of fine materials (e.g., silts, sands) on to lake char spawning habitats,
throughout the range of this species, via development, has been shown to profoundly
affect survival of this species in studies throughout its range.
9. Given the large-scale changes to the foreshore and riparian areas of the large lakes in
recent years in the Shuswap drainage, these activities may also be negatively, and
inevitably, affecting lake char spawning survival.
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RECOMMENDATIONS

1. Further primary research of baseline habitat biology of rainbow trout rearing and lake
char spawning for nearshore habitats in the large lakes of the Shuswap watershed is
required in order to make informed decisions regarding habitat protection and
restoration of these aspects of this aquatic ecosystem.
2. The relevant agencies protecting aquatic habitat in the Shuswap watershed, including
Fisheries and Oceans Canada, British Columbia Ministry of Forests, Lands and Natural
Resource Operations, Columbia Shuswap Regional District, First Nations, local
governments and Fraser Basin Council, should continue to support the protection,
maintenance and restoration of these economically, socially and recreationally
important aquatic-ecosystem large-lake nearshore attributes. As an example, in
addition to normal agency line-responsibilities, the Shuswap Lake Integrated Planning
Process (SLIPP) is one-such multi-agency and stakeholder partnership group to
undertake such an effort to protect nearshore habitat values in and of these habitats.
3. Continuing public education through a variety of vectors is an important aspect of
protecting and restoring rainbow trout and lake char habitats in the large lakes of the
Shuswap watershed. This includes information provided by SLIPP
(http://www.slippbc.ca/shoreline-management-guidelines), the Community Mapping
Network and its associated maps and fisheries information
(http://www.cmnbc.ca/atlas_gallery/shuswap-lake-watershed-atlas).
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Table 1 Little Shuswap, Shuswap and Mara lake physical characteristics.
Area data from http://www.shuswaplakewatch.com/research/resfacts.html ; elevation data
from Environment Canada http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm
_____________________________________________________________________________
Lake

Elevation
m*

Surface Area Perimeter
ha

km

Mean Depth Max Depth
m

m

__________________________________________________________
Little Shuswap

343.61

1,813

21

14.3

59

Shuswap

344.23

30,960

342

61.5

162

Mara

344.05

1,943

42

18.3

46
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Table 2 Defining the various components of, and terms for, the nearshore habitats of the
Shuswap watershed.
See Figure 2 which is a location- schematic for these definitions of features along the perimeter
of a lake.

foreshore—that part of the lake bottom which includes the extent of the naturally
dewatered and re-watered area over the duration of the hydrograph; note that
depending on the time of the hydrographic year, this area could either be inundated
(watered) or dry.
littoral—all areas of the lake where the water is approximately less than 6 meters deep,
for any given time of the year; note that for Shuswap Lake, because of the extensive
change in water-surface elevation over the period of the year, the location of the littoral
area will change laterally, and seasonally, as the lake goes up and down.
riparian—the interface of wetted and non-wetted areas between the lake-proper and
the upland landscape; riparian zones generally have some of the highest levels of
biodiversity for aquatic or terrestrial landscapes.
nearshore—comprises the aggregate of the areas of littoral, foreshore and riparian
zones along the perimeter of the lake.
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Table 3 Summary of creel statistics for Shuswap Lake rainbow trout, 2005-2011.
Information from Andy Morris, British Columbia Ministry of Forests and Natural Resource
Operations. “Licenses sold” refers to a Conservation Surcharge in addition to the normal
angling license to harvest this species in Mara, Shuswap and Little Shuswap lakes.
______________________________________________________________________________
Description

2005

2006

2007

2008

2009

2010

2011

Licenses sold

3,794

3,541

3,574

4,147

3,883

3,821

4,365

Respondents

626

945

603

776

883

792

796

Respondents who
fished

494

695

446

564

546

512

526

Active Rate

0.74
0.71
0.77

0.74
0.71
0.76

0.74
0.70
0.77

0.73
0.69
0.76

0.62
0.59
0.65

0.65
0.61
0.68

0.66
0.63
0.69

Effort (angler days)

Catch

Harvest

Release

Parameter

lower CI
upper CI
lower CI
upper CI

22,200 23,200 22,300 23,500 18,400 20,200 21,600
21,500 22,600 21,600 22,800 17,800 19,600 21,000
22,900 23,800 23,000 24,200 18,900 20,800 22,300

lower CI
upper CI

15,700 19,700 19,900 20,200 16,800 17,800 21,800
15,100 19,200 19,200 19,600 16,300 17,200 21,200
16,200 20,300 20,600 20,900 17,300 18,300 22,500

lower CI
upper CI

3,770
3,490
4,050

lower CI
upper CI

11,800 16,900 17,700 16,900 14,900 15,900 19,700
11,300 16,400 17,100 16,400 14,400 15,400 19,000
12,300 17,400 18,300 17,500 15,400 16,500 20,300

2,820
2,650
3,050

2,210
1,990
2,450

3,310
3,070
3,550

1,890
1,720
2,070

1,820
1,650
2,010

2,150
1,950
2,390

______________________________________________________________________________
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Table 4 Summary of creel statistics for Shuswap Lake char, 2005-2011.
Information from Andy Morris, British Columbia Ministry of Forests and Natural Resource
Operations, Kamloops, British Columbia. “Licenses sold” refers to a Conservation Surcharge in
addition to the normal angling license which allows the angler to harvest this species in Mara,
Shuswap and Little Shuswap lakes.
_____________________________________________________________________________
Description

Parameter

Licenses sold

2005

2006

2007

2008

2009

2010

2011

1,107 1,214 1,162 1,274 1,255 1,226 1,418

Respondents

665

945

603

776

883

792

796

Respondents who fished

255

341

207

267

260

282

303

lower CI
upper CI

0.38
0.35
0.42

0.36
0.33
0.39

0.34
0.31
0.38

0.34
0.31
0.38

0.34
0.30
0.37

0.35
0.32
0.39

0.38
0.35
0.42

lower CI
upper CI

3,630 4,280 3,310 3,440 2,780 3,670 3,840
3,390 4,140 3,150 3,330 2,660 3,530 3,680
3,690 4,430 3,470 3,600 2,900 3,810 4,000

lower CI
upper CI

1,560 1,970 1,230
1,460 1,870 1,130
1,660 2,070 1,330

Active Rate

Effort (angler days)

Catch

Harvest

lower CI
upper CI

330
280
370

240
210
280

170
140
210

850
780
930

850
790
920

210
170
240

150
120
180

2,400 1,260
2,280 1,180
2,520 1,360
300
260
340

180
150
220

Release

1,230 1,730 1,060 650
700 2,100 1,080
lower CI 1,150 1,640 980
590
640 1,990 1,000
upper CI 1,320 1,820 1,150 710
760 2,210 1,170
_____________________________________________________________________________
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Table 5 Diet composition of Kootenay Lake rainbow trout, 1973, excluding fish with empty
stomachs.
Data from Andrusak and Parkinson (1984). Data presented as average-percent volume (top)
and percent occurrence (bottom).
_____________________________________________________________________________
Rainbow Trout
Sample Size Kokanee
Insects
Mysis
Size Group
N
%
%
%
cm
_________________________________________
PERCENT VOUME
17 – 29.9
28
35
61
4
30 – 39.9
46
56
42
2.9
40 – 49.9
36
71
29
0.3
50 – 59.9
53
87
13
0.3
60 – 69.9
37
90
10
0.2
70 – 79.9
34
93
7
>79.9
24
71
29
PERCENT OCCURRENCE
17 – 29.9
28
11
96
25
30 – 39.9
38
24
82
13
40 – 49.9
35
34
71
11
50 – 59.9
38
66
39
13
60 – 69.9
25
72
36
4
70 – 79.9
16
81
25
>79.9
14
86
21
_____________________________________________________________________________
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Table 6 Catches of fish in the diet study of Shuswap Lake rainbow and lake char caught by
shallow-water gillnets, and other gear, 1975 and 1976.
Data from Gilhousen and Williams (1989). For this study, gillnets that were 15.2 meters in
length, 2.4 meters deep and mesh sizes ranging from 3.8 to 10.2 cm were fished in shallowwater areas 3-6 meters in depth, parallel to the shoreline.
_____________________________________________________________________________

Species

1975
Gill
Beach Angler Stomachs
Net Seine Caught Analyzed
_____________________________

rainbow trout

16

lake char

25

1

11

1976
Gill
Stomachs
Net Analyzed
_________________

28

12

12

25

71

70

_____________________________________________________________________________
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Table 7 Sockeye fry diet statistics for rainbow trout and lake char in Shuswap Lake.
Data from Gilhousen and Williams (1989).
_____________________________________________________________________________

Species

Total
Stomachs
Sampled
________

Percent
With Fry
______

Mean No. of Fry
All Stomachs
Stomachs With
Fry Only
_______________________________

1975
rainbow trout

11

63.6

94.3

148.1

lake char

21

9.5

5.5

57.5

1976
rainbow trout
lake char

8

12.5

8.1

65.0

56

8.9

0.9

10.2

_____________________________________________________________________________
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Table 8 Average dry weight of specific food types, and percentage of fish with a specific type of
food, in stomachs of rainbow trout and lake char captured from Shuswap Lake in 1975 and
1976.
Data from by Gilhousen and Williams (1989); P = presence detected.
_____________________________________________________________________________
PREY

Sockeye Other
Fry
Species
of Fish

Unidentified Invertebrates No. of
Fish Material
Predator
Stomachs
Examined

% (by weight)
Invertebrates

1975
rainbow trout
1.67g
-0.02g
P
11
P
(% of fish with) 63.6%
9.1%
9.1%
_______________________________________________________________
1976
rainbow trout
0.10 g
--0.31 g
8
75.6%
(% of fish with) 12.5%
62.5%
_____________________________________________________________________________
1975
lake char
0.08 g 1.0 g
0.02 g
P
21
P
(% of fish with)
9.5%
14.3%
23.8%
9.5%
_______________________________________________________________
1976
lake char
0.04
0.06 g
0.03 g
0.004 g
56
3.0%
(% of fish with) 8.9%
5.4%
12.5%
12.5%
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Table 9 Descriptions of physical attributes of a variety of inventoried large-lake spawning habitats for lake char in Lake Michigan,
Lake Champlain and Parry Sound and as described by Marsden et al. (2005) as “excellent”.
__________________________________________________________________________________________________________
WATER BODY
Lake Champlain
1
2
3
4
5
6
Lake Michigan
1
2
3
4
5
6
Parry Sound
1
2
3

DEPTH
RANGE
m

APPROX.
AREA m^2

SLOPE

SUBSTRATE
TYPE

MEAN
SUBSTRATE SIZE
(RANGE in cm)

INTERSTITIAL
DEPTH cm

PRESENCE
OF SILT

LONGEST FETCH
km (DIRECTION)

0.3–4
2.6–5.0
0.3–14
0.3–20
0.3–20
1–7

53
30
5,980
74
93
18

35–60°
10–60°
20–85°
0–30°
0–10°
60°

angular R/C
angular R/C
rounded R/C/B
angular C
angular C
angular R/C

13–99
10–60
17–106
10–152
30–90
10–60

15–86
10–30
4–29
20–100
10–30
20

low
moderate
low
low
low
moderate

49 (N)
14.5 (SSW)
68 (N)
7 (NE)
7 (NE)
7 (NW)

3.5–7
1.5–4
1–7
2–5
1.5–3.5
8–12

142,010
195,390
7,600,000
60,493
100
1,242,313

40-50°
30–45
15–30
30–45
35–45
20–30

rounded R/C
rounded R/C
rounded R/C
rounded R/C
rounded R/C
rounded R/C

20.3 (0.3-106)
24.2 (0.3-131)
5.9 (0.2-6)
6.5 (0.7-46)
36.4 (2.5-191)
49.5 (13-112)

>100
>100
>100
>100
>100
>100

low
low
low
low
low
low

82 (SW)
119 (W)
185 (SW)
104 (SSW)
22 (SW)
70 (W)

1.5
1.5
1.6

30
30
30

30–40
30–40
30–40

rounded C
rounded C
rounded C

13.9 (4-20)
15.1 (4-32)
12.3 (5-30)

>30
>30
>30

low
low
low

1.1 (SW)
2.4 (SW)
0.7 (SW)

__________________________________________________________________________________________________________
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Table 10 Catches of rainbow trout and lake char using “exploratory” gill nets set in the large
lakes of the Shuswap watershed by Gilhousen and Williams (1989).
_____________________________________________________________________________

YEAR
LITTORAL
1975

DATE

LOCATION

Jun 14-15
Jun 18-19

Anstey Arm
Mara Lake
Little Shuswap
Lake

Jun 17
DEEPWATER
1975

Jul 15

1976

Jun 7
Jun 7
Jun 9-10
Jun 9-10
Jun 23-24
Jun 23-24
Jun 24
Jun 24
Jul 6-7
Jul 6-7
Jul 7
Jul 7

Little Shuswap
Lake
Little Shuswap
Lake
Off Lookout Pt.
Little Shuswap
Lake
Off Lookout Pt.
Little Shuswap
Lake
Off Lookout Pt.
Little Shuswap
Lake
Off Lookout Pt.
Little Shuswap
Lake
Off Lookout Pt.
Little Shuswap
Lake
Off Lookout Pt.

DEPTH
m

TIME

NO. of
NETS

PANELS
PER NET

littoral
littoral

overnight
evening

3
1

3
3

littoral

afternoon

3

3
TOTAL

LAKE
CHAR
CATCH

RAINBOW
TROUT
CATCH

4

5

4

1
6

27.430.5

afternoon

3

3

24.4
24.4

day
day

1
1

5
5

24.4
24.4

overnight
overnight

1
1

5
5

24.4
24.4

overnight
overnight

1
1

5
5

24.4
24.4

day
day

1
1

5
5

1
4

24.4
24.4

overnight
overnight

1
1

5
5

1

24.4
24.4

day
day

1
1

5
5
TOTAL

3
4
14

1

1

2

2
4
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Table 11 Observations of lake char spawning in Shuswap Lake, 1990, by Bison (1991b).

_____________________________________________________________________________
DATE

LOCATION

LAKESHORE
DISTANCE
Km

NO. OF
OBSERVED
LAKE
CHAR
SPAWNERS

Oct. 29
Nov. 1
Nov. 1
Nov. 1
Nov. 1
Nov. 8
Nov. 8
Nov. 13
Nov. 13
Nov. 15
Nov. 15
Nov. 21

Horseshoe Bay – St. Ives
Sicamous – Murdoch Pt.
Baction Bay – Canoe Pt.
Canoe Pt.
Tunnels
Blake Pt. – Ross Creek
Blake Pt. – Celistown Cr.
Celista – Ta’hana Bay
Celista – Bluff
Armstrong Pt. – Wild Rose
Armstrong Pt. – Eagle Bay
Herald – Canoe Pt.

6.5
3.0
3.7
2.0
3.3
4.5
2.5
4.5
3.5
7
6
9.5

0
0
0
1
0
0
43
0
48
13
16
0

_____________________________________________________________________________
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FIGURES
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Figure 1 The Shuswap watershed including Little Shuswap, Shuswap and Mara lakes.
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Figure 2 Generalized shoreline configuration of a lake having a flood pulse-hydrology showing
the pelagic, nearshore, foreshore, littoral zone and riparian area over the period of the natural
hydrograph.
Note that the littoral zone shifts laterally and seasonally according to lake levels and is defined
as the area to about 6 meters in depth from the water surface. Figure adapted from Davies et
al. (1996).
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Figure 3 The historic-average annual hydrograph of flows through Shuswap watershed showing
the spring-freshet flood pulse.
Data are from the South Thompson River at Chase (hydrometric station 08LE031) showing
average maximum, mean and minimum flows. This figure represents 89 years of data between
1911 and 2011, from Environment Canada (2012). Compare this to Figure 4.

102

Figure 4 Maximum, mean and minimum water surface elevations for Shuswap Lake, to 2011.
For reference, historical Environment Canada peak, mean high-water and mean low-water data
are included as horizontal lines. Figure adapted from Kramer (2012). Compare this figure to
Figure 3.
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Figure 5 Water temperatures in the South Thompson River at Chase, which is the outlet of
Little Shushwap Lake, 2013.
Data from Environment Canada:
http://www.wateroffice.ec.gc.ca/graph/graph_e.html?stn=08LE031&prm1=5&prm2=1&mode=graph&smo=1&sday=1&syr=2013&emo=12&eday=31&eyr=2013&y1min=&y1max=&
y2min=&y2max= Accessed February 4, 2014.
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Figure 6 The flood-pulse concept presented in five stages over the freshet cycle, for the large
lake nearshore habitats in the Shuswap watershed.
This figure is adapted from Bayley (1995).
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Figure 7 Shuswap Lake on Main Arm near Scotch Creek, summer 2011, showing high watersurface elevations and association with riparian and foreshore vegetation in a wetland/stream
mouth area.
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Figure 8 Shuswap Lake on Main Arm near Cinnemousun Narrows, fall 2011, showing lower
water-surface elevations and disturbed foreshore habitats compared to the natural lakebottom benthic substrates.

107

Figure 9 Leaf material and small branches in “natural area” riparian perimeter of the foreshore
in a large Thompson-Shuswap watershed lake, Kamloops Lake, Savona, June 19, 2013.
During higher discharge years this material would likely be inundated during freshet and leaf
litter such as this would be eaten by “shredder” aquatic insects if and when the flood pulse
wets this part of the nearshore zone.
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Figure 10 An example of a flood-pulse/spring-freshet inundation of the foreshore in a large
Thompson-Shuswap watershed lake.
Note that juvenile Chinook salmon were captured, by seine, in and around this vegetation and
large woody debris. Site location was at Savona, Kamloops Lake, June 19, 2013. Juvenile
Chinook are a favorite diet item of rainbow trout in the Shuswap watershed at certain times of
the year.
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Figure 11 Angler-caught rainbow trout from Shuswap Lake.
Photo courtesy of Kelly Davison.
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Figure 12 Research net-caught lake char from Shuswap Lake.
Photo courtesy of Andy Morris, British Columbia Ministry of Forest, Lands and Natural Resource
Operations.
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Figure 13 Substrate utilization by rainbow trout in Lake Tahoe.
From Beauchamp et al. (1995). Note the relationship amongst depth, substrate characteristics
and fish numbers.
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Figure 14 Diet analysis of large rainbow trout captured in Arrow Lakes reservoir, 2003,
including number of kokanee per stomach.
Figure taken from Arndt (2004).
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Figure 15 Number of kokanee per stomach and presence of ants versus rainbow trout fork
length in Arrow Lakes reservoir, 2003.
Figure taken from Arndt (2004). Vertical dotted line represents the shift to eating kokanee.
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Figure 16 Rainbow trout stomach contents, by volume, of fish captured in the Adams River
area of Shuswap Lake, 1955 to 1959, from Ward and Larkin (1964).
Segments of the various circles represent proportions of each major food item.
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Figure 17 Gilhousen and Williams (1989) gillnet sampling stations on Shuswap Lake, 1975,
1976.
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Figure 18 Effect of season on sockeye salmon consumption by rainbow trout in nearshore
habitats of Shuswap Lake.
Data indicate average number of sockeye fry found in the stomachs of rainbow trout gillnetted
in shallow-water stations, 1975 and 1975, stratified by seasonal period. From Gilhousen and
Williams (1989). Numbers in brackets represent sample sizes of rainbow trout.
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Figure 19 Effect of season on sockeye salmon and other food consumption by rainbow trout in
nearshore habitats of Shuswap Lake.
Data from Hebden (1993).
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Figure 20 Shorelines assessed, and locations where reproductively-mature lake char were
observed, in the nearshore habitats of Shuswap Lake, 1990.
Map re-drawn from Bison (1991b).
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Figure 21 Natural armoring sediments removed for a beach front on the south shore of the
Main Arm, Shuswap Lake, October 2011.
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Figure 22 Sediment release from an upland construction site via an underground drain into the
south-shore waters of the Main Arm, Shuswap Lake, August 2011.
Top photo is release location into the lake and lower photo shows the extent to which the
sediment plume is distributed.
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