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Executive Summary 

Triton Environmental Consultants Ltd (Triton) has been retained by the Shuswap Waterfront 
owners Association to undertake a review of the recent draft report authored by Dr. Marvin 
Rosenau entitled “Nearshore Habitat Utilization by Spawning Char and Rearing Rainbow Trout 
in Shuswap, Little Shuswap and Mara Lakes”. The objective of the review is to assess whether the 
information provided, partially from other lake systems, is applicable in interpreting conditions 
and ecological processes in the Shuswap Lake system. 
 
Dr. Rosenau has provided background on Lake Char and Rainbow Trout life history garnered from 
studies in other large lake systems along with input from Shuswap Lake specific studies. Based on 
this review, inferred linkages have been developed between the importance of habitat values in the 
littoral (nearshore) area of the lake and fisheries production. Rosenau’s report (the report) 
summarizes that “there is strong evidence that the nearshore habitats (littoral, foreshore, riparian) 
of these large Shuswap Lakes provide critical habitats for sub-adult and adult Rainbow Trout” and 
“Development along shorelines can profoundly negatively affect the habitat quality of nearshore 
areas of Rainbow Trout and Lake Char lakes”. 
 
The report review will be directed at assessing the relevancy of the information presented in the 
report and providing comments relating to the opinions and recommendations provided by 
Rosenau. 
 
 
The report identified life history strategies used by Lake Char and Rainbow trout from other lake 
systems in Canada, the US and in New Zealand. Studies related to Rainbow Trout biology provides 
an indication of the variability and inherent flexibility of life history strategies used by these 
species. So while this indicates fish and fish habitat interactions that could be utilized by Shuswap 
system Rainbow Trout, it also recognizes that each system differs in physical and chemical 
characteristics differences and that to best understand fish and fish habitat linkages, system specific 
studies would be necessary. 
 
 

In summary, based the review of the Rosenau report and other reference reports: 

1. The Shuswap Lake system is an important salmonid ecosystem in BC. Current 
management is influenced by information from other systems, which may not reflect 
conditions in Shuswap Lake. Data specific to Shuswap Lake is required to accurately 
describe the cause and effect relationships of foreshore developments on fish species and 
habitat use. 

2. Riparian and littoral areas can comprise important habitats as noted from research from 
other large lakes in British Columbia and North America, however the relationship between 
riparian and littoral processes in Shuswap Lake is not currently well enough understood to 
guide broad-brush management decisions.   

3. Rainbow Trout can exhibit variable life history strategies dependent on the environment 
within which they live. Shuswap Rainbow rear for several years in tributary systems prior 



M.L. Rosenau Review V4 - Final  October 2014 

Prepared by Triton Environmental Consultants Ltd.  Page iii 

to taking up residence in the large lakes of the Shuswap system. Shuswap Rainbow exhibit 
a largely offshore (pelagic) life strategy with limited near shore (littoral) use. Prey sources 
include salmon species that rely on nearshore areas for a portion of their life history, 
primarily in spring and early summer. Once water temperatures increase, in late June or 
early July, salmonid prey predator species move offshore to pelagic areas. Non salmonid 
prey species continue to reside in nearshore areas. These species do not appear to be greatly 
represented in the fish food items found in predators stomachs (Hebden, 1993). 

4. Some nearshore areas can form important habitats contributing to Rainbow Trout 
production. Tributary mouths are very high valued habitat areas as they are heavily utilized 
for staging, prior to spawning and foraging during periods when prey species are abundant. 
Although the littoral habitat has importance in production pathways nutrient inputs from 
tributary inflows and offshore limnetic processes are major contributors to overall 
productivity in the Shuswap Lake system. It is not clearly demonstrated in the Rosenau 
report whether, and if so how much, modification to littoral or riparian habitat would result 
in a negative impact on overall productivity given the contribution from whole lake 
processes. Current trends in production present no indication that habitat alterations 
associated with foreshore modifications have had negative impacts within the Shuswap 
Lake system in recent history. Additional study is required to provide better data to support 
management direction. 

5. While both insects and fish are prey items, existing information indicates fish provide the 
most important diet component for Shuswap Rainbow Trout and that these fish are taken 
largely from the open water environment. 

6. Salmon which provide prey items for Shuswap rainbow and rely on littoral rearing during 
early life history have not shown any recent decline in abundance. 

7. Rearing salmon are found to highly utilize modified habitats (Brown and Winchell, 2004) 
suggesting that foreshore modifications are not negatively influencing juvenile salmon 
behaviour. 

8. Rainbow Trout Creel studies have not indicated a decline in production.  

9. Information in the literature suggest that Lake Char spawn in late fall during lower lake 
water levels, and prefer spawning depths between 5 and 10 m (Ford et al., 1992). Shuswap 
Lake specific studies provides data that Lake Char spawning occurs in cobble areas which 
range from 0.3 m to 5 m in depth (Pankratz, 1991), which are locations offshore of areas 
of foreshore modification. As such, the clearing of cobble substrate from summer beaches 
would not affect spawning habitat of Lake Char.  

10. While there is evidence from the literature that development along shorelines can 
profoundly and negatively affect the habitat quality of nearshore areas of Rainbow Trout 
and Lake Char in some lakes, Rosenau has not demonstrated this to be true in Shuswap 
Lake. There are currently no data to suggest that productivity has declined as a result of 
development activities in Shuswap Lake. Work undertaken by Brown and Winchell, 2004 
indicate fish use of modified habitats is not depressed compared to natural habitats, 
therefore there is likely a need to revisit the supposition that foreshore modifications may 
be uniformly negative influences on productivity. Better information is required to ensure 
that Aquatic Habitat Indices properly reflect Shuswap Lake biology. These habitat indices 
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are currently used to assess habitat change, therefore it is of critical importance that we 
better understand fish use of nearshore habitats. Without sound scientific justification to 
inform habitat management decisions, there will always be discord between agencies and 
stakeholders.  

 
Foreshore development at recreational lakes continues to increase. As stated in Rosenau (2014), 
there is no question that the history of land impacts has resulted in risks to fish habitat and fisheries 
production throughout British Columbia. Agencies recognize the need to manage land use, in part 
to protect fish habitat values. Guidelines for the protection of aquatic and riparian habitats have 
been developed that generally identify best management practices to be followed to protect habitat 
values. Often these guidelines are based on general scientific principles and caution needs to be 
taken in applying them on a one size fits all basis. Further, the report identifies that there are 
system-to-system differences in fish behavior and habitat use. Therefore, it is necessary to acquire 
the relevant information to best adopt guidelines in a manner that correctly and, on a site-specific 
basis, manages land and resource use activities. In many cases, guidelines developed for stream or 
small lakes ecology are not meaningful nor directly applicable to large lakes. Guidelines need to 
be based on suitable and accurate science and meet common sense criteria. The following are some 
recommendations that may lead to the development of guidelines that will protect aquatic 
resources while at the same time provide for managed recreational use. This list is certainly not 
exhaustive and identification of study requirements should be a cooperative and interactive process 
by stakeholders.  

 Based on the available information there is no indication of material change in the 
productivity of the Shuswap system over the recent period of lakeshore development 
activity. This being the case it would be prudent to take some time to undertake further 
assessments which would lead to a better understanding of activities that might result in 
reduction in productivity. This increased understanding would aid in the creation of 
suitable development guidelines.  

 Further research is required to understand the linkages to habitat condition and fisheries 
production. Salmonid use of altered habitat appears to remain high. Studies to assess fish 
response to alteration and/or restoration initiatives are required.  

 Sediment related risks relating to Lake Char spawning habitat are currently not well 
understood. Studies to assess sediment transport and potential depositional effects on fish 
habitat would provide valuable guidance for management decisions.  

 The relevant agencies need to act responsibly in developing management plans. This 
includes understanding which activities constitute a production risk and which activities 
have little or no effect on lake productivity. Bottlenecks to productivity need to be 
identified for lake and stream habitats, to identify risks and thresholds relating to 
development activities.  

 Continued stakeholder involvement in the process is required and solutions which address 
fisheries, property owner and other stakeholder interests are required. For example, 
contribution to habitat funds could be used to fund studies to better understand fisheries 
bottlenecks and potentially effective and necessary restoration efforts.  
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 Public education initiatives must include the relevant scientific information that is used to 
support management decisions. Currently management decisions appear to be based on 
information from other systems that has questionable relevance or transferability to the 
Shuswap Lake system. Study designs should be developed that can utilize landowners to 
collect data to describe spatial and temporal use of species of interest. Shuswap Lake 
system information should be properly developed before embarking on change that has no 
positive outcome.  

 Support research programs utilizing graduate students from Thompson Rivers University. 
Focus topics for research can be identified by a committee made up of agency 
representatives, University professors and stakeholders, to identify graduate studies. 
Possible Research topics include: 

a. Assessment of bottlenecks to production 
b. Calculation of the lake productivity contributed by riparian areas  
c. Benthic production of disturbed verses undisturbed littoral habitats 
d. Spatial and temporal salmonid littoral habitat use of disturbed and undisturbed 

littoral areas 
e. Predator/Prey relationships within the littoral area 
f. Predator/prey relationships within the pelagic area    
g. Sediment transport along disturbed foreshores  
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1.0 Introduction 

Shuswap, Little Shuswap and Mara lakes are important aquatic ecosystems that are subjected to 
multiple needs including social, economic and ecological. Due to these sometimes conflicting 
needs there are challenges to satisfy the objectives of all stakeholders and/or interest groups. A 
common objective of all user/interest groups is to protect these large lake environmental values, 
however there are differences of opinion with respect to the type and extent of riparian and aquatic 
activities and their potential adverse effects on those values. The divergence of opinion is not 
unexpected as information from other aquatic systems is being used to interpret what the possible 
effects of anthropogenic activity might be on fish production rather than site specific data to clearly 
understand the fish and fish habitat relationships and to formulate management objectives based 
on this knowledge. 
 
Triton Environmental Consultants Ltd (Triton) has been retained by the Shuswap Waterfront 
owners Association to undertake a review of the recent draft report authored by Dr. Marvin 
Rosenau entitled Nearshore Habitat Utilization by Spawning Char and Rearing Rainbow Trout in 
Shuswap, Little Shuswap and Mara Lakes.  
 
The draft paper outlines Lake Char and Rainbow Trout life history garnered from studies in other 
large lake systems along with input from Shuswap Lake specific studies. Based on this review, 
inferred linkages have been developed between the importance of habitat values in the littoral 
(nearshore) area of the lake and fisheries production. The Shuswap Waterfront Owners Association 
have commissioned the review of the draft paper with the objective of assessing whether the 
information provided, partially from other lake systems, is applicable in interpreting conditions 
and ecological processes in the Shuswap Lake system. 
 
The report review will be directed at assessing the relevancy of the information presented in the 
report and providing comments relating to the opinions and recommendations provided in the draft 
paper. 

1.1 Background  

1.1.1 Physical 

As identified in the draft paper, the Shuswap Lake hydrological cycle is driven by spring snowmelt 
from the large tributary watersheds. Lake levels rise rapidly through May and peak in the latter 
part of June as inflows exceed the capacity of the lake outlets. Following the peak in June, water 
levels recede until the following spring. However, the majority of the flow recession occurs from 
late June through September (Figure 1 and Figure 2). The Shuswap is a large lake (approximately 
31,000 ha) with a maximum depth of 162 m. The area has a high annual runoff and the theoretical 
flushing rate of the basin is 2.2 years. Based on average conductivity values between 55 µS/cm 
and 114 µS/cm and a morphoedaphic index of 1.4 (conductivity divided by depth in meters), 
Shuswap Lake is classified as an oligotrophic lake, one with generally low nutrient values. 
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Figure 1. Plot of WSC Data for Shuswap at Salmon Arm - 1962 to 1986 +2011 

 

Figure 2.  Plot of Exceedance Curves - WSC data for Shuswap at Salmon Arm 
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The exception is the Salmon Arm section of Shuswap Lake which has higher nutrient values 
primarily due to farming (fertilizer applications), ranching, industrial and residential activities 
(DFO, 1997). The inundation of riparian areas due to high water levels results in the mobilization 
of nutrients and food items that contribute to the overall productivity of the lake. Nutrients which 
are washed into the lake fuel primary and secondary production in the littoral and pelagic areas, 
which in turn increases lake productivity. 
 
Ninety percent of the combined shorelines of Mara Lake, Shuswap Lake, Little River, and Little 
Shuswap Lake are classified as sandy beach, gravel beach, rocky shore, and cliff bluff (Ecoscapes, 
2009). The Shuswap lakes undergo an annual elevation change of approximately 3.5 meters which 
results in average exposed width of 35 m for shorelines with a slope of 10 %. The most rapid 
change in later water level occurs between May and September. With the exception of the high 
water period when emergent vegetation provides habitat complexity, these habitat types are limited 
in amounts of complex cover and amounts of aquatic vegetation. 
 
A previous study (Ecoscapes, 2009) documented that approximately 92 km of shoreline supports 
aquatic vegetation, representing approximately 23% of the total shoreline length. Most of the 
vegetation (21.3 % of the shoreline) was described as emergent and grass, which would be wetted 
during the high water period, for several weeks to a month or more1. Native submergent and 
floating vegetation represent only 2%, or 8.2 km and less than 1% or 0.2 km respectively.  
 
Habitat associated with emergent vegetation is available only during high water typically from 
early to mid-June through mid-July after which time this type of habitat complexity along the 
Shuswap Lake littoral areas would be non-functional. Based on this, with the exception of the high 
water period, aquatic vegetation would only be a very minor contributor to fish habitat values in 
the Shuswap system. The habitat change associated with seasonal reduction in water level 
combined with elevated nearshore water temperatures requires fish rearing in the nearshore zone 
to relocate offshore as lake levels decline.  

1.1.2 General Fisheries Background  

The Shuswap Lake system supports a number of anadromous and resident salmonid stocks, 
including Chinook (Oncorhynchus tshawytscha), Sockeye and Kokanee (O nerka; collectively 
referenced as nerkids), Coho (O keta) Salmon, and Rainbow Trout (O. mykiss) which spawn in 
tributaries to the large lakes and utilize lentic (lake) habitats for rearing. Lake Char (Salvelinus 
namaycush), also called Lake Trout, spawn and rear in Shuswap Lake. In addition, during 
dominant and subdominant Adams River runs, Sockeye shore spawning occurs along sections of 
Shuswap Lake. As noted in the Rosenau report, early life-stage residency for Sockeye and Chinook 
occurs along the nearshore area coincidental with the high water period of the lake. Fry disperse 
from their natal streams and progressively colonize the shoreline of the lakes. The nearshore 
residency period for individual Sockeye fry is limited to several weeks after emergence and entry 
into the lake. However overall utilization of nearshore habitats can persist from late April early 
May into July due to Sockeye emerging from their incubation environment over a period which 

                                                 
1 An emergent plant is defined as one which grows in water but which pierces the surface so that it is partially in air. 

Collectively, such plants are emergent vegetation. 
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can take place over 6 weeks or longer. The majority of the freshwater rearing period for Sockeye, 
typically 8-10 months or about 70% of their freshwater residency period, occurs offshore within 
the deeper water (pelagic area) of the lake (Gilhousen and Williams, 1989). Rearing Sockeye share 
pelagic habitat with landlocked rearing Kokanee Salmon and these two forms are 
indistinguishable. 
 
Chinook salmon fry also utilize nearshore (littoral) areas soon after emergence and emigration 
from their natal streams and rivers. Chinook fry expand their distribution over time from nursery 
streams in the perimeter of the lakes in the Shuswap system, migrating downstream into the lakes 
and later into the downstream river system. In the Shuswap lakes, Chinook fry occur in nearshore 
areas until late June through July following which they migrate off-shore to deeper cooler water. 
Littoral habitats play a key role in young-of-the-year Sockeye and Chinook salmon ecology during 
their early (post-emergence) life history period whereas the pelagic environment comprises the 
preferred habitat for the majority of the Shuswap salmonid freshwater rearing period.  

1.1.2.1 Rainbow Trout   

The overview of Rainbow Trout provided by Rosenau (2014), provides evidence of the 
adaptability of this species to changing environmental conditions. The most relevant comparisons 
are to large lakes in temperate regions such as Quesnel Lake and Arrow lakes. Other identified 
lakes, Lake Tahoe Nevada, Lake Washington and Lake Taupo New Zealand, are not as relevant, 
and may differ due to other biophysical factors (variables) such as different water temperature 
regimes, species assemblages and prey items from the Shuswap system. It is noted that Rosenau 
does recognize this point.  
 
Shuswap Rainbow Trout utilize tributary systems for spawning and early rearing, spending 1 to 3 
years in tributary systems prior to entering Shuswap Lake (Bison, 1991). Upon entry to the lakes 
in the Shuswap system, Rainbow take up pelagic residence. Very few Rainbow Trout juveniles 
have been captured in nearshore areas during Salmon studies conducted in Shuswap Lake (Russell 
et al., 1981; Stewart et al., 1989).   
 
Rainbow Trout diet is comprised mainly of insects until they reach a length of approximately 250 
mm after which time they become piscivorous. Fish were found to be the most important 
component in the diet of Rainbow Trout over 250 mm in length in both nearshore and offshore 
regions of Lake Washington (Beauchamp, 1990). Prey size selection increases with Rainbow Trout 
size and Rainbow Trout greater than 400 mm in length are capable of consuming most size classes 
of nerkids (Parkinson et al., 1989). Analysis of Shuswap Rainbow Trout stomach contents indicate 
that insects and fish are components of Rainbow Trout diets (Hebden, 1993). Insects could be a 
combination of benthic, from both pelagic and littoral areas of the lake, as well as terrestrial insects. 
Andrusak and Parkinson (1984) documented the presence of flying ants and beetles in Rainbow 
Trout stomachs, and Parkinson et al. (1989) found similar presence of flying ants in stomachs of 
Quesnel Lake Rainbow Trout. Terrestrial insects would also be consumed in the Shuswap Lake 
system. These terrestrial insects would originate from within and beyond lake riparian areas, 
depending on flight ability and wind direction. Terrestrial insects that become distributed off-shore 
become food sources for mature Rainbow Trout while insects produced nearshore would likely be 
consumed by fish that will later become potential prey items for Rainbow Trout, including juvenile 
Sockeye, Chinook and non-Salmonid species.  
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Once Rainbow Trout become piscivorous, their prey can include a combination of insects and fish. 
Fish provide a more substantial food source and are generally found to be selected during periods 
of high abundance, for example when Sockeye fry are abundant following large escapements the 
previous year (Ward and Larkin, 1964). Large, pelagic schools of outmigrating Salmon smolts in 
Shuswap Lake also provide an important food source for predatory fish including Rainbow Trout 
(Goodlad et al., 1974). These predatory concentrations are often focal points for the sport fishery 
in the Lake. Juvenile Chinook lengths taken from Rainbow Trout stomachs are generally between 
80 and 120 mm, the size of out-migrating smolts. Nerkids are also an important food prey item for 
Rainbow Trout. This is likely a combination of both Sockeye and Kokanee. Prey size data from 
Hebden (1993) identify primarily kokanee sized food items, similar to data from prey studies in 
Quesnel Lake (Parkinson et al., 1989) However, the seasonal diet likely reflects the relative 
availability of the two different nerkid forms. Rainbow Trout also aggregate opportunistically 
around river mouths when staging for spawning or during times when salmon spawning activity 
is occurring and drifting eggs are available, or, during fry out-migrations, particularly Sockeye fry 
in locations like the Adams River. 
 
Prior to taking up pelagic residence Sockeye fry reside in very shallow nearshore habitats which 
would provide some protection from large bodied predators. These fish become available to these 
predators when they switch habitat use from littoral to pelagic. Small Sockeye, the size of those 
utilizing nearshore rearing were not represented in Rainbow Trout stomach contents (Hebden, 
1993) suggesting that Sockeye are more commonly consumed in the lake pelagic areas. 
 
Hebden (1993) provides evidence that the majority of fish found in Rainbow trout stomachs were 
salmonids with a lesser percentage of “coarse fish” species which may be more associated with 
littoral areas. This would suggest limited foraging of Rainbow in nearshore areas during the 
summer period, when non salmonids dominate nearshore habitats. (Brown and Winchell, 2004; 
Stewart et al., 1989). 
 
Based on information from literature and Shuswap lake-specific data, both littoral and pelagic food 
resources provide prey items for Rainbow Trout, including both terrestrial and aquatic insects and 
fish. Terrestrial insects while providing prey items, may have a lesser contribution for Salmon and 
Trout in large lakes compared to small lakes and streams. Pauley (2010) suggests that terrestrial 
insects provide an insignificant amount of food for Salmon and Trout in Lake Sammamish and 
Lake Washington and Beauchamp (2010) identifies fish as the most important component of diet 
in Lake Washington Rainbow Trout. Rainbow Trout > 250 mm are heavily reliant on piscivorous 
resources which occur in the pelagic zone. Juvenile salmonids comprise a large percentage of these 
prey items.  
 
Recent returns of Salmon to the Shuswap lake system have shown a positive trend and no evidence 
of production limitation with freshwater rearing (Figures 3 through 6). Between 2005 and 2011, 
available creel data have not documented much annual change in total catch of Rainbow Trout and 
Lake Char. Based on creel data provided by Hebden (1993), catch per unit effort (CPUE) ranged 
from approximately 0.7 fish per angler-day in 2005 to 1 fish per angler-day in 2011 (Figure 7). As 
such, there does not appear to be any indication of reduction in trophic processes (predator-prey 
relationships) either in littoral or pelagic areas that are affecting lake productivity. 
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Figure 3. Early Summer Sockeye returns 1939 to 2012 

 

 
 

Figure 4. Late South Thompson Sockeye Escapement 1939 to 2012 (Includes the Adams 
River Run) 
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Figure 5. Adams River Chinook Escapements 1975 to 2010 

 

 

Figure 6. Lower Shuswap Chinook Escapements 1975 to 2013 
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Figure 7. Catch per unit effort Shuswap Lake Rainbow Trout 2005 to 2011 (from 
MFLNRO2013) 

1.1.2.2 Lake Char 

General information on Lake Char indicate that they are iteroparous (spawn more than once) and 
generally spawn in late summer or fall, in the case of Ontario often in October, with northern fish 
spawning earlier in the year than fish in southern regions (Martin and Oliver, 1980). Spawning 
appears to be later in the interior of British Columbia, where in Shuswap Lake and Adams Lake 
spawning occurs in late October or November (R. G. Bison and Associates, 1991 and ARC 
Environmental Ltd., 1999 and 2000). Males usually precede females to the spawning territory by 
a week or longer (Foster, 1985) and precede females to the spawning shoals each day (Martin and 
Oliver, 1980). The sex ratio between male and female Lake Char was found to be two to three 
males to every female (Foster, 1985) but may be as high as six to seven males to every female as 
observed in Shuswap and Adams Lakes (R. G. Bison and Associates, 1991 and ARC 
Environmental Ltd., 1999 and 2000). By late afternoon, fish move onto spawning material and 
spawning occurs between dusk and midnight (Ford et al., 1995). The size of the spawners may 
tend to increase over the period of the spawning season with the smaller, younger fish spawning 
earlier (Ford et al., 1995). Changes in spawning time between years may occur due to 
environmental conditions, such as photoperiod, water temperature and wind, all of which may 
trigger timing and length of spawning (Ford et al., 1995; R.G. Bison and Associates, 1991 and 
ARC Environmental Ltd., 1999 and 2000).  
 
Eggs are broadcast over cobble substrate and are not covered nor guarded after fertilization (Ford 
et al., 1995). Spawning material has been found to be broken rubble or angular rock, as well as, 
rounded cobbles, averaging 5 – 15 cm in diameter with a range of 3 cm to 60 cm, interspersed with 
larger substrate (R.G. Bison and Associates, 1991 and ARC Environmental Ltd., 1999 and 2000). 
Cobble used for spawning in Adams Lake tends to be angular while substrate used in the Shuswap 
is rounder. Visually observed gradients within spawning areas in Shuswap and Adams Lake have 
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been documented between 3-7% and substrate is usually free of vegetation, silt and algae (R.G. 
Bison and Associates, 1991 and ARC Environmental Ltd., 1999 and 2000). Within Shuswap Lake 
there are large areas of low to moderate (5-7°) gravel beaches, which are associated with Char 
spawning potential. At these locations substrate size is graded from small gravels at the high water 
mark with increasing size and ending up in a cobble band at an elevation that is generally 1-3 
meters below the low water elevation of the lake (El. 345.0 m Geological Survey Canada). Off 
shore of this cobble band, fines dominate the lake bed substrate. (Figure 8 and 9). Cobble substrate 
is used by Char in generally all lakes. The Shuswap Lake System and Adams Lake Char and 
Sockeye spawning atlas (http://www.shim.bc.ca/shuswap/) indicates that there is a large area of 
potential Char spawning habitat available. Biophysical inventories have placed this as high as 114 
km of lakeshore out of a total of 368 km. (Russell et al., 1981). This is due in large part to the 
littoral morphology of the lake. 
 

 

Figure 8. Shuswap Lake cobble substrate, Char spawning habitat 
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Figure 9. Edge of cobble band, upslope material reduces with size sequential distance 
shoreward 

Only a fraction of this habitat is found to be used by spawning Char, either indicating that other 
factors such as wind fetch and/or wave action are relevant to Char use or that Char populations are 
not limited by spawning habitat.  
 
Lake Char spawner surveys conducted on Shuswap and Adams Lake were initiated when surface 
water temperature approached 10°C identified as a trigger for initiation of spawning activity 
(R.G.Bison and Associates, 1991 and ARC Environmental Ltd., 1999, 2000). This temperature 
frequently occurs from late October into November. Lake water levels at this time are within 0.6 
m of the winter minimum. At this level, generally in-lake structure developments (e.g., 
dock/walkways, foreshore modification), are exposed and well above the wetted margin of 
Shuswap Lake, and thereby removed from Lake Char spawning habitat. In addition, lakeshore 
activity is low at this period of time, and indeed throughout the remainder of the Char spawning 
and incubation period. There are no specific data on Accumulated Thermal Units (ATUs) for 
Shuswap Lake Lake Char. ATUs are the sum of the degree days over 0°C required for eggs to 
hatch into the alevin stage, and to swim up through the substrates and fish to begin exogenous 
feeding. ATU requirements vary for different species, and accumulation of these units relates to 
waterbody temperature regimes. ATUs would accumulate at the highest rate during the onset of 
spawning, initiated at approximately 10°C, and would accumulate at a slower pace throughout the 
winter when water temperatures are typically 2-4°C. The rate of accumulation of ATUs would 
increase in spring as water temperatures rise. Based on work done on Lake Michigan, ATUs 
required for Lake Trout hatching and swim-up ranges from 516 ATUs to 569 ATUs and from 775 
ATUs to 838 ATUs, respectively (Lee et al., 2009). If we estimate average incubation water 
temperature at 3°C, swim up would occur in 7-8 months or in May and June. If these fish did 
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utilize the nearshore littoral area they would have been available for capture during the historic 
sampling. Post emergent Lake Char in studies in Lake Superior re-located to a nursery area in 
deeper water with sandy substrate (Bronte et al., 1995). Shuswap Lake spawning substrate is 
bordered off shore by fine textured substrate and it could be expected that emergent Char will 
migrate off-shore from the spawning substrate to depth associated with this habitat type. This 
behavior is supported by the lack of capture of juveniles during historic sampling programs 
conducted in spring. The only record of possible capture in Shuswap Lake is found in Brown and 
Winchell (2004) that reports a capture of small fish <25 mm tentatively identified as Lake Char 
fry. No voucher specimens were taken for species confirmation. While Rosenau (2014) provides 
references for nearshore rearing of post-emergent Char from other North American systems, it is 
evident that the life history strategy of the Shuswap Lake Lake Char population is different. 
 
Kokanee appear to form a major component of Shuswap adult Lake Char diets, along with other 
fish species. Insects also contribute to some extent to Lake Char diets (Hebden 1993). Generally, 
foraging occurs in the lake pelagic areas, but adult Char may take advantage of locally concentrated 
food sources in the nearshore areas associated with offshore movements of dominant run Sockeye 
fry (Gillhousen and Williams, 1989).  
 
The concern for development activities is the issue of sediment release to the lake and infilling of 
Char habitat constituting risk to spawning success; however it is not clear whether this risk is real. 
This risk could be quantified by studies of sediment transport of fine material and comparison of 
spawning substrates associated with areas of foreshore developments or structure modifications 
(impact areas) compared to unaltered (control) areas.  
 
Based on reviews of general research materials and Shuswap-specific literature, it seems unlikely 
that riparian development activities that incorporate standard best management practices to 
mitigate for sedimentation generation and transport, would cause serious harm to Lake Trout 
spawning habitat in the littoral lake environments. The effects of riparian developments can be 
further reduced / eliminated through adherence to construction timing windows for Lake Char 
(Table 1). 
 

Table 1. Thompson Region timing windows for Shuswap Lake (from Shuswap Watershed 
Mapping Project, 2012) 

Fish Species Work Window 

Areas with no Sockeye or Char spawning July 22 to April 1 

Areas with no Sockeye but Char spawning July 22 to September 30 

Areas with Sockeye and Char spawning July 22 to September 15 (Sockeye cycle years) 

 
Based on available information, juvenile Lake Char do not appear to utilize the littoral area of 
Shuswap Lake for rearing and foraging. Creel data do not provide any evidence of negative trends 
on Lake Char abundance. Lake Char CPUE (catch /angler-day) has been variable over the period 
of record of Creel data 2005-2011 ranging from .25 fish per angler-day to .65 fish per angler-day 
with no definable trend (MFLNRO, 2013) (Figure 10). 
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Figure 10. Catch per unit effort Shuswap Lake Char 2005 to 2011 (from MFLNRO, 2013) 
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2.0 Discussion 

Foreshore development at recreational lakes continues to increase. As stated by Rosenau (2014), 
there is no question that the history of land impacts has resulted in risks to fish habitat and fisheries 
production throughout British Columbia. Agencies recognize the need to manage land use, in part 
to protect fish habitat values. Guidelines for the protection of aquatic and riparian habitats have 
been developed that generally identify best management practices to be followed to protect habitat 
values. Often these guidelines are based on general scientific principles and caution needs to be 
taken in applying them on a one size fits all basis. Further, Rosenau (2014) identifies that there are 
system-to-system differences in fish behavior and habitat use. Therefore, it is necessary to acquire 
the relevant information to best adopt guidelines in a manner that correctly and on a site-specific 
basis, manages land and resource use activities. In many cases, guidelines developed for stream or 
small lakes ecology are not meaningful nor directly applicable to large lakes. Guidelines need to 
be based on suitable and accurate science and meet common sense criteria. Reasonable people will 
accept reasonable guidelines.  
 
The Shuswap Lake system has seen a high influx of property owners from within as well as from 
outside of British Columbia. Much of the activity revolves around seasonal residency mainly 
concentrated in the summer period. Development must balance the desire for land use changes and 
the need to ensure environmental values are managed and fish habitats remain productive. In order 
to manage the potential conflicts between land use and habitat protection we clearly need to 
understand the cause and effect relationships associated with any alteration of land form. While it 
is clear that a change could result in an effect, it remains unclear what the magnitude and direction 
of such an effect would be. It should be expected that the effect (magnitude and direction) would 
be site-specific. Critical habitats that may be limiting fish productive capacity require paramount 
protection. Upland development activities that may have negligible effect on a large lake 
ecosystem and those activities that cause serious harm to fish must be treated differently. For 
example, riparian and/or instream (below the high water mark) development on large lake systems 
that occur immediately adjacent to the mouth of a major salmon-producing tributary (e.g., Scotch 
Creek) or at/near known lakeshore spawning habitat must be evaluated differently to a similar 
development scheduled to occur on a bedrock outcrop with no potential littoral spawning habitat 
potential. That is, riparian and/or instream developments need to be evaluated on a site-by-site 
basis, commensurate to the risk they present to fish and fish habitat. 
 
Land use activities that present a risk to high productivity areas (e.g., spawning substrate interstitial 
infilling) would meet the criteria of a negative effect (serious harm to fish). Managed activities can 
occur in the types of areas where habitat values are unlikely limiting. Vegetation management for 
lake access and establishing viewscapes does not result in high risk to fish productivity. Some 
modification of littoral areas, may alter existing habitat but are not likely to have a significant 
negative adverse effect on the ecosystem and associated productivity of a large lake as a whole. 
While considerable development has taken place in the Shuswap region, there have been no major 
indicators of changes in productivity, underlying our lack of understanding of potential effects of 
development activity.   
 
Ecoscapes (2009) estimated that 43% of the shoreline in the Shuswap watershed currently has a 
high level of human impact. Rosenau (2014) advances a summary of types of modifications that 
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are thought to have adversely affected fish productivity in the Shuswap including docks, retaining 
walls, rock groynes and boat launches. Some of these activities have resulted in the loss of physical 
habitats, such as substrate infilling below the high water mark, and an argument can be forwarded 
that there has been loss of habitat values. Other development activities, while not reducing the 
amount of available habitat, have, however, altered the existing habitat. Whether this alteration 
has had an adverse effect on productive capacity or not is a key question that requires site-specific 
evaluations. While we concur with Rosenau that permanent removal of riparian vegetation can 
reduce terrestrial insect production and therefore availability to fish, it remains unclear whether 
this will have a significant adverse effect on fisheries production in a large lake system. While 
contribution of terrestrial insects to the diet of fishes is important, particularly in smaller rivers and 
streams where riparian canopy overhangs a large proportion of the wetted width, their relative 
contribution to fish food has not been examined closely in the large Shuswap Lake system, where 
much of the fish production appears to occur in the pelagic areas.  
 
Shoreline modifications such as clearing of coarse sedimentary materials will lead to a 
restructuring of those elements particularly if coarse materials are re-aligned into groynes (rocky 
reefs). While there is a change in substrate condition, shoreline salmonids still utilize the modified 
habitats (Brown and Winchell, 2004). Coarse material re-aligned into groynes will provide three 
dimensional structures for macro invertebrates and rearing fish production, similar to artificial reef 
structures, commonly used as a habitat compensation measure for major aquatic projects 
throughout the world. Based on work by Brown and Winchell (2004), low gradient sandy areas 
are a preferred habitat type for rearing juvenile salmonids. Similarly Russell et al. (1981) and 
Stewart et al. (1989) determined that low gradient sandy beaches support high abundances of 
rearing salmonids along the lakes of the Shuswap system. This appears to be contrary to the 
assumptions used in determining Aquatic Habitat Index (AHI) values reported by Ecoscapes 
(2009). These sandy areas, some of which have been subject to modifications, clearly must be 
capable of providing food resources otherwise it is unlikely that fish would associate with them. 
 
Foreshore development activities often require tree removal which can reduce large woody debris 
(LWD) recruitment to the littoral zone of the lake. Studies from other systems including the north 
eastern United States, suggest that the reduction of LWD has a negative effect on fish productivity, 
however, for a very different fish species assemblage. This importance of LWD to overall fisheries 
production has not been established in the Shuswap Lake system, which has a large annual 
drawdown. It may be possible to have limited tree removal for foreshore management that has 
minimal impact on overall productivity. Further research will enable better understanding of the 
thresholds for shoreline modifications and associated effects on fisheries production.  
 
Similarly, although terrestrial insect contribution to the productive capacity of many aquatic 
systems can be very important, the magnitude and benefits to the Shuswap Lake ecosystem 
remains uncertain, due primarily to the general paucity of site-specific and general information. 
Based on recent and current Salmon escapement numbers to Shuswap Lake tributaries and 
recreational angling creel data, there are few if any indications that salmonid productive capacity 
in Shuswap Lake is trending negatively as a result of historic or on-going riparian and instream 
developments.  
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Dock and marina developments have been identified as human related impacts. At present there is 
no direct evidence that these impacts are affecting salmonid production in the Shuswap system. 
Studies from other systems (Ono et al., 2010; Kahler et al., 2000), that indicate potential negative 
impacts of docking structures on salmon production are not directly likely relevant to the Shuswap 
Lake system due to differences in fish communities, fish behavior and magnitude in annual lake 
water level fluctuation.   
 
As noted earlier, there is no evidence of loss or alteration of Lake Char spawning habitat.  

2.1 Summary  

1. The Shuswap Lake system is an important salmonid ecosystem in BC. Current 
management is influenced by information from other systems, which may not reflect 
conditions in Shuswap Lake. Data specific to Shuswap Lake is required to accurately 
describe the cause and effect relationships of foreshore developments on fish species and 
habitat use. 

2. Riparian and littoral areas can comprise important habitats as noted from research from 
other large lakes in British Columbia and North America, however the relationship between 
riparian and littoral processes in Shuswap Lake is not currently well enough understood to 
guide broad-brush management decisions.   

3. Rainbow Trout can exhibit variable life history strategies dependent on the environment 
within which they live. Shuswap Rainbow rear for several years in tributary systems prior 
to taking up residence in the large lakes of the Shuswap system. Shuswap Rainbow exhibit 
a largely offshore (pelagic) life strategy with limited near shore (littoral) use. Prey sources 
include salmon species that rely on nearshore areas for a portion of their life history, 
primarily in spring and early summer. Once water temperatures increase, in late June or 
early July, salmonid prey predator species move offshore to pelagic areas. Non salmonid 
prey species continue to reside in nearshore areas. These species do not appear to be greatly 
represented in the fish food items found in predators stomachs (Hebden, 1993).   

4. Some nearshore areas can form important habitats contributing to Rainbow Trout 
production. Tributary mouths are very high valued habitat areas as they are heavily utilized 
for staging, prior to spawning and foraging during periods when prey species are abundant. 
Although the littoral habitat has importance in production pathways nutrient inputs from 
tributary inflows and offshore limnetic processes are major contributors to overall 
productivity in the Shuswap Lake system. It is not clearly demonstrated in the Rosenau 
report whether, and if so how much, modification to littoral or riparian habitat would result 
in a negative impact on overall productivity given the contribution from whole lake 
processes. Current trends in production present no indication that habitat alterations 
associated with foreshore modifications have had negative impacts within the Shuswap 
Lake system in recent history. Additional study is required to provide better data to support 
management direction.  

5. While both insects and fish are prey items, existing information indicates fish provide the 
most important diet component for Shuswap Rainbow Trout and that these fish are taken 
largely from the open water environment.  
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6. Salmon which provide prey items for Shuswap rainbow and rely on littoral rearing during 
early life history have not shown any recent decline in abundance. 

7. Rearing salmon are found to highly utilize modified habitats (Brown and Winchell, 2004) 
suggesting that foreshore modifications are not negatively influencing juvenile salmon 
behaviour. 

8. Rainbow Trout Creel studies have not indicated a decline in production. 

9. Information in the literature suggest that Lake Char spawn in late fall during lower lake 
water levels, and prefer spawning depths between 5 and 10 m (Ford et al., 1992). Shuswap 
Lake specific studies provides data that Lake Char spawning occurs in cobble areas which 
range from 0.3 m to 5 m in depth (Pankratz, 1991), which are locations offshore of areas 
of foreshore modification. As such, the clearing of cobble substrate from summer beaches 
would not affect spawning habitat of Lake Char.  

10. While there is evidence from the literature that development along shorelines can 
profoundly and negatively affect the habitat quality of nearshore areas of Rainbow Trout 
and Lake Char in some lakes, Rosenau has not demonstrated this to be true in Shuswap 
Lake. There are currently no data to suggest that productivity has declined as a result of 
development activities in Shuswap Lake. Work undertaken by Brown and Winchell, 2004 
indicate fish use of modified habitats is not depressed compared to natural habitats, 
therefore there is likely a need to revisit the supposition that foreshore modifications may 
be uniformly negative influences on productivity. Better information is required to ensure 
that Aquatic Habitat Indices properly reflect Shuswap Lake biology. These habitat indices 
are currently used to assess habitat change, therefore it is of critical importance that we 
better understand fish use of nearshore habitats. Without sound scientific justification to 
inform habitat management decisions, there will always be discord between agencies and 
stakeholders.  

2.2 Recommendations 

Foreshore development at recreational lakes continues to increase. As stated in Rosenau (2014), 
there is no question that the history of land impacts has resulted in risks to fish habitat and fisheries 
production throughout British Columbia. Agencies recognize the need to manage land use, in part 
to protect fish habitat values. Guidelines for the protection of aquatic and riparian habitats have 
been developed that generally identify best management practices to be followed to protect habitat 
values. Often these guidelines are based on general scientific principles and caution needs to be 
taken in applying them on a one size fits all basis. Further, the report identifies that there are 
system-to-system differences in fish behavior and habitat use. Therefore, it is necessary to acquire 
the relevant information to best adopt guidelines in a manner that correctly and, on a site-specific 
basis, manages land and resource use activities. In many cases, guidelines developed for stream or 
small lakes ecology are not meaningful nor directly applicable to large lakes. Guidelines need to 
be based on suitable and accurate science and meet common sense criteria. The following are some 
recommendations that may lead to the development of guidelines that will protect aquatic 
resources while at the same time provide for managed recreational use. This list is certainly not 
exhaustive and identification of study requirements should be a cooperative and interactive process 
by stakeholders. 
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 Based on the available information there is no indication of material change in the 
productivity of the Shuswap system over the recent period of lakeshore development 
activity. This being the case it would be prudent to take some time to undertake further 
assessments which would lead to a better understanding of activities that might result in 
reduction in productivity. This increased understanding would aid in the creation of 
suitable development guidelines.  

 Further research is required to understand the linkages to habitat condition and fisheries 
production. Salmonid use of altered habitat appears to remain high. Studies to assess fish 
response to alteration and/or restoration initiatives are required.  

 Sediment related risks relating to Lake Char spawning habitat are currently not well 
understood. Studies to assess sediment transport and potential depositional effects on fish 
habitat would provide valuable guidance for management decisions.  

 The relevant agencies need to act responsibly in developing management plans. This 
includes understanding which activities constitute a production risk and which activities 
have little or no effect on lake productivity. Bottlenecks to productivity need to be 
identified for lake and stream habitats, to identify risks and thresholds relating to 
development activities.  

 Continued stakeholder involvement in the process is required and solutions which address 
fisheries, property owner and other stakeholder interests are required. For example, 
contribution to habitat funds could be used to fund studies to better understand fisheries 
bottlenecks and potentially effective and necessary restoration efforts.  

 Public education initiatives must include the relevant scientific information that is used to 
support management decisions. Currently management decisions appear to be based on 
information from other systems that has questionable relevance or transferability to the 
Shuswap Lake system. Study designs should be developed that can utilize landowners to 
collect data to describe spatial and temporal use of species of interest. Shuswap Lake 
system information should be properly developed before embarking on change that has no 
positive outcome.  

 Support research programs utilizing graduate students from Thompson Rivers University. 
Focus topics for research can be identified by a committee made up of agency 
representatives, University professors and stakeholders, to identify graduate studies. 
Possible Research topics include: 

a. Assessment of bottlenecks to production 
b. Calculation of the lake productivity contributed by riparian areas  
c. Benthic production of disturbed verses undisturbed littoral habitats 
d. Spatial and temporal salmonid littoral habitat use of disturbed and undisturbed 

littoral areas 
e. Predator/Prey relationships within the littoral area. 
f. Predator/prey relationships within the pelagic area    
g. Sediment transport along disturbed foreshores  
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