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1.0 Introduction 

Canadian Forest Product Ltd and B.C. Timber Sales (BCTS) currently work together to maintain CSA 
certification of their operating areas in the Invermere TSA. This project was initiated to develop an Integrated 
Riparian Assessment for the Invermere TSA in an effort to support potential future certification under the Forest 
Stewardship Council (FSC). This work is an extension of the approach developed in previously for Tembec 
Industries Inc. (Tembec) on its forest lands in the East Kootenays1.     
 
The primary goal of an Integrated Riparian Assessment is to provide strategic direction to forest planners 
implementing riparian retention at the operational level and ensure the result maintains riparian values and 
meets the intent of the FSC BC Standard (Criteria 6.5bis, 2005). The management of riparian areas under FSC 
requires that riparian ecosystems and their functions be maintained or restored (FSC BC Regional Standards 
2005; Criterion 6.5bis)2 as follows:   
 
6.5.bis1 The manager maintains and/or restores riparian functions along rivers, streams, wetlands, lakeshores 
and marine shores by: 

a) completing an integrated riparian assessment for the management unit, or each riparian assessment 
unit within the management unit, according to the framework found in Appendix P6a (Riparian 
Management), or if not, in a manner that meets the intent and addresses all the issues raised in the 
framework; and, 

b) implementing a riparian management regime that is consistent with the results of the assessment and 
meets or exceeds the retention budgets for Reserve Zones and Management Zones specified in Table 
3 of Appendix P6a (Requirements for Riparian Management). 

Based on the guidance provided in an Integrated Riparian Assessment (IRA), FSC allows flexibility in the shape, 
size, and extent of riparian retention areas. The intent is to allow Canfor/BCTS to capitalize on this flexibility to 
maximize the benefits obtained from riparian retention. Tembec also operates in the Invermere TSA but they are 
not involved in this study because they have already developed their own IRA procedures. Tembec may choose 
to adopt the guidance given in this report as it provides a more holistic review of watersheds in the Invermere 
TSA (units not broken by operating areas). 
 
The completion of this Integrated Riparian Assessment includes three primary phases: 

Phase 1:    Riparian Management Region / Assessment Unit Delineation and Retention Budget Assessment 
Phase 2:    Riparian Values Assessment and Regional Management Strategy Development 
Phase 3:    Detailed Riparian Assessment Unit Management Strategy Development 
 

Phase 1 was completed March 31, 2009 and is documented separately. This report represents the second 
phase of the project and provides an assessment of riparian values in the interest area and riparian 
management strategies for each of the regions defined in Phase 1 (see Figure 1). Phase 3 will provide detailed 
management direction within each of the Riparian Assessment Units (subdivisions of regions). 
 
The five regions defined for Invermere TSA are: 

1. Central Purcell  
2. Central Rocky Mountain  
3. Kootenay 
4. North Purcell   
5. North Rocky Mountain   

 
 

                                                      
1  Forsite et al.,  0, March 21, 2007Detailed Riparian Assessment forTembec’s East Kootenay Operating Areas -  Version 2. .  Unpublished 
Report for TTembec Industries Inc. 
2   http://www.fsccanada.org/docs/48B4F585905BF469.pdf 
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Figure 1.  Riparian Management Regions for the Invermere TSA 
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2.0 Goals and Objectives 

The primary goal of this document is to provide strategic direction to forest planners implementing riparian 
retention at the operational level and ensure the result maintains riparian values and meets the intent of 
the FSC BC Standard3. We have endeavoured to provide guidelines that maintain or restore healthy 
riparian ecosystems consistent with natural range of variability concepts.  
 
The following are detailed objectives addressed in this report: 
 

• Compile a list/description of biological and physical values associated with riparian conditions that 
are likely to be present in Invermere TSA watersheds and examine how riparian management 
can influence each value (vulnerabilities). 

• Review the natural disturbances affecting riparian areas and the range of natural variability for 
each disturbance. 

• Develop riparian management strategies/guidelines for each Riparian Management Region 
relative to the values/issues present. 

  

3.0 Riparian Values Assessment 

Based on a review of current literature, information sources, and professional opinions, this section 
presents a summary of riparian values expected or known to occur in Invermere TSA riparian 
ecosystems, and discusses their sensitivities to forest harvesting. The intention is to provide planners with 
an understanding of the role riparian areas play relative to specific values. The end result should be an 
understanding of where, when, and why issues are important (e.g., where, when, and why is stream 
temperature an important consideration in the TSA). 
 
In addition, natural disturbance regimes in riparian ecosystems and their Range of Natural Variability 
(RONV) are discussed to provide context for the strategies put forward in Volumes 2 to 7.   
 

3.1 Riparian Ecosystems Overview 
Riparian areas include the water-land interface from the stream-bank interface to the water table-aerated 
soil interface and are defined by Kauffman et al. (2001) as “… the three-dimensional zones of direct 
physical and biotic interactions between terrestrial and aquatic ecosystems; boundaries of the riparian 
zone extend outward to the limits of flooding and upward into the canopy of streamside vegetation.”  
 
Riparian ecosystems differ considerably across the landscape. Dominant processes in riparian 
ecosystems are determined by the climate, topography and geology of the region. Riparian ecosystems 
are not static. They change over time in response to disturbance from floods, fire and other disturbance 
agents. Riparian ecosystem processes facilitate the transfer of material between terrestrial and aquatic 
systems and play a key role in maintaining terrestrial and aquatic values including habitat for aquatic and 
terrestrial organisms and water suitable for domestic consumption. 
 
This integrated riparian assessment considers the function of riparian areas with respect to: 
 

• Biotic/nutrient transfer 
o Nutrient and organic matter input into channels, including leaf litter, nutrient runoff, and 

insects 
                                                      
3  http://www.fsccanada.org/BritishColumbia.htm 
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• Surface/subsurface water transfer 
o Hyporheic flow in the subsurface areas of riparian areas conveys water towards the 

stream channels during periods of high runoff and away from the channel during periods 
of low runoff. 

• Wood transfer 
o Recruitment of large woody debris (LWD) to the channel provides snags and log jams 

which act as storage sites for bedload sediment and a moderating influence on the rate of 
sediment transport. 

• Sediment transfer 
o Supplying and moderating the transfer rate of sediment through the stream system. In 

many headwater streams sediment is derived directly from the riparian area as a result of 
tree churns adjacent to the channel. During floods, the root network of riparian vegetation 
protects stream banks and valley floors from erosion.  Additionally, the stems of the 
woody vegetation slow flood waters, resulting in sediment deposition on stream banks 
and valley floors. 

• Heat transfer 
o In streams that are not dominated by turbulent flows from alpine areas riparian vegetation 

provides shade to the water surface reducing stream temperatures. 
o Along all stream systems riparian vegetation modifies terrestrial microclimates including 

light, temperature, and humidity. 
This list meets or exceeds the FSC requirements for the components of riparian assessments (FSCC 
2005; Appendix B). 

3.2 Riparian Values of the East Kootenays 
Within any given ecosystem, natural riparian areas are valuable in comparison to upland areas as they 
represent highly productive habitats with greater diversity of vegetation and wildlife species. 
Approximately half of British Columbia’s forest-dwelling terrestrial vertebrate species are restricted to or 
favour riparian habitats for breeding and other habitat uses (Bunnell et al. 1999). The primary reasons for 
the high productivity and structural complexity of riparian areas include: rapid vegetation growth, 
abundant deciduous hardwoods and shrubs, high invertebrate productivity, large-sized live, dead and 
fallen trees, high rates and diversity of natural disturbances (i.e., flooding, landslides, ice and debris flows, 
and fires), channel migration, and diverse geomorphology and microclimates (Bunnell et al. 1999, 
Kauffman et al. 2001). Interactions between terrestrial and aquatic vertebrates (e.g., ospreys, herons, 
bears and fish) also contribute to the high ecological value of riparian areas (Cederholm et al. 2000).  
 
The value of riparian areas in the Invermere TSA and within the Kootenay Columbia region as a whole is 
particularly high due to their relative scarcity within predominantly dry ecosystems (i.e., PPdh2, IDFdm2, 
MSdk, and ESSFdk; Braumandl & Curran 1992). In addition, human-related disturbances have removed 
or significantly altered many lower elevation riparian areas on both private and Crown lands in the past 50 
years. Degradation can occur as loss of native vegetation and fish habitat, altered channel morphology, 
changes in magnitude and timing of flow, increased summer water temperatures, and lower water table 
and water storage capacity. The degradation can be caused by human activities such as road 
construction, timber harvest, mining, agricultural activity including clearing of floodplains for hay 
production, heavy streamside grazing, development, water diversions, introduced exotic fish, and climate 
changes.  
 
Smyth and Allen (2001) assessed lentic (wetlands) riparian area in dry (NDT4) ecosystems of the East 
Kootenay trench and concluded that the majority of sampled wetlands had to be classified as non-
functional or at-risk.  The non-functional or at risk categorization was primarily a result of livestock activity 
om these areas. Thus, any riparian management strategy designed for forestry or other activities, should 
consider the poor current state of NDT4 lentic ecosystems.  This will ensure the cumulative effects of their 
activities are incorporated and ensure the lotic (river) riparian ecosystems form and function are 
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preserved. The lotic riparian ecosystems comprise approximately 90% or more of the total riparian area in 
the Rocky Mountain trench and have not been assessed (Polzin et al. 2008).  
 
Other authors (e.g., Carey 2003) add fire suppression and lack of burning to the list of riparian impacts to 
lentic ecosystems. While lotic riparian ecosystems have natural disturbances from channel migration, 
flooding, ice scour, avalanche, and debris flows, fire suppression may have reduced the natural 
disturbance regime of fire in this region but it has not been documented. This departure from natural 
disturbance patterns for lentic riparian ecosystems raises concern about the continued ecological health 
of some riparian ecosystems. In many areas of the Kootenay Columbia region, riparian ecosystem 
restoration may be as important as conservation of the intact riparian areas.  
 
Key riparian values known to occur within the Invermere TSA are described in Table 1 and 2 and, where 
data are available, shown on maps in the Phase 1 report. The basic values provided by riparian areas 
can be grouped into aquatic habitat, terrestrial habitat, and water supply for domestic consumption or 
agriculture. Key biological riparian values include riparian-associated vertebrate species-at-risk (on 
federal and provincial lists, current to January 2009). Key species-of-interest associated with riparian or 
aquatic areas in the Kootenay Columbia region are moose, grizzly bear, westslope cutthroat trout and bull 
trout. A list of riparian-associated species-at-risk (plants, animals, fish, invertebrates) occurring in the 
Invermere TSA is found in Appendix A.  
 
Table 1.  Key values associated with riparian areas in the East Kootenays 

Value Key 
Dependants  Association with Riparian Areas1

Fish Habitat 
(general) 

Riparian areas provide LWD inputs, temperature moderation (shade), sediment 
filtration, and nutrient and insect inputs that are critical to fish habitat.  

Bull Trout 

Requires deep pools in cold rivers and large tributary streams, often in moderate 
to fast currents with temperatures of 7-10°C; also large coldwater lakes and 
reservoirs. Important habitat elements include stable channels, relatively stable 
stream flow, clean gravel and cobble substrates, high stream channel complexity 
with various cover types, temperatures not exceeding about 15°C, and the 
presence of suitable corridors for movement between suitable winter and summer 
habitats and for genetic exchange among populations (Rieman and McIntyre 
1993). Spawns in fall (September and October) when water reaches 9°C, usually 
in riffles and glides of small tributary streams, including lake inlet streams over 
gravel/cobble substrate (<20 mm diameter) (McPhail and Baxter 1996). Spawning 
sites often are associated with effluent groundwater (Baxter and McPhail 1999). 
Optimum temperatures for incubation are about 2-4°C. Constructs spawning redd. 
Young are closely associated with stream channel substrates (Rieman and 
McIntyre 1993). Areas with large woody debris and rubble substrate are important 
as juvenile rearing habitat (Spahr et al. 1991; McPhail and Baxter 1996). 

Westslope 
Cutthroat 

Trout 

Small mountain streams, main rivers, and large natural lakes; requires cool, clean, 
well-oxygenated water; in rivers, adults prefer large pools and moderate velocity 
areas (Spahr et al. 1991). Spawns in spring when on descending limb of 
hydrograph (Schmetterling 2000) and typically when water reaches 8°C (Magee 
and McMahon 1996); occurs in small tributary streams on clean gravel substrate 
at water temperatures near 10°C; mean water depth is 17-20 cm and mean water 
velocity is 0.3-0.5 m/sec (McIntyre and Rieman 1995; Schmetterling 2000).  

Aquatic  
Habitat 

Kokanee 

Kokanee do best in high, cold, large mountain lakes, where a well-oxygenated 
stratum is essential. Water temperatures above 15.5°C lead to significant 
mortality, especially among young. Kokanee spawn in fall (August to October) 
when water temperatures drop below 12°C (McPhail 2007); usually in tributary 
stream of lake, often in riffle over gravel substrate; sometimes along gravelly shore 
of lake where seepage outflows, springs (McPhail 2007), or wind-induced waves 
occur. Species is not native to Upper Columbia system. 
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Key Value Dependants  Association with Riparian Areas1

Burbot  

Highly nocturnal. Prefers cold water (<18°C); adults use lake benthic or deep river 
pool (>2 m) habitat in summer, while juveniles move into shallow (<2 m), boulder 
areas; young-of-the-year are pelagic larvae (McPhail 2007); spawns in winter or 
early spring (January to March) around water temperatures of 0-5°C (McPhail 
2007); mainly in low velocity areas in main channels, in side channels or in 
upwelling areas of lakes over fine gravel, sand, or silt, sometimes in small tributary 
streams. Form large spawning aggregations that may serve to clean the sandy to 
gravel spawning substrate (McPhail 2007). Eggs eventually settle into substrate 
cracks; young then drift to shoreline areas among rocks and debris (USFWS 
2001). In the Invermere TSA, the only confirmed tributary streams that support 
spawning are at Columbia Lake. 

Amphibious 
Habitat Beaver 

Considered a ‘keystone species’ of North America because of their direct influence 
on riparian ecosystem structure and function (Naiman et al. 1986; Rosell et al., 
2005). Beavers are generally limited to valleys with gradients of 8% or less and 
streams of at least 1 metre width (Ott and Johnson, 2000). Deciduous species 
including cottonwood aspen and willow comprise the primary food supply of 
beavers (Johnston and Naiman, 1987). Beavers will forage up to 100 meters 
beyond the aquatic terrestrial interface for food and dam material (Johnston and 
Naiman 1987). 

Coeur 
d’Alene 

Salamander 

This species is not known from Invermere TSA. While limited,no formal survey 
effort has taken place.  The species may occur if suitable habitat is present (P. 
Ohanjanian pers. comm.).  The species has recently been found in previously 
unknown locations, including the Upper Columbia system north of Revelstoke. 
These new records have led the BC Ministry of Environment to downlist the 
species from Blue-list to Yellow-list. 
Coeur d’Alene salamander occupies moist microhabitats in steep terrain where 
fractured, incised bedrock or talus occurs in association with water. Habitats 
include rock walls with seepages or streams flowing over them, waterfall splash 
zones, caves, step-like streams with exposed bedrock, avalanche paths, and wet 
talus. Overstory vegetation includes deciduous shrubs (at avalanche paths or 
seepages) and coniferous forest (young to mature structural stages)” (COSEWIC 
2007).  

Lewis’s 
Woodpecker 

This species uses open forest and woodland, often logged or burned, including 
open ponderosa pine forest and riparian woodlands (esp. cottonwood stands). It is 
strongly associated with fire-maintained old-growth ponderosa pine ecosystems. 
Important habitat features include an open tree canopy, a brushy understory with 
ground cover, dead trees for nest cavities; dead or downed woody debris, perch 
sites, and abundant insects. Riparian areas are used if they consist of, or are 
adjacent to open canopy stands (Cooper et al. 1998).  Active nests declined by 
22% throughout the East Kootenay over the past 10 years. Dutch Creek and 
Fairmont areas previously inhabited by Lewis’s Woodpeckers had only 1 active 
nest in 2007. The WHA area west of Canal Flats was more populated with 26 
nests in 2007 (Beauchesne & Cooper 2007). 

Grizzly Bear 

Grizzly bears are habitat generalists. Wetland habitat types, especially those with 
cover, are selected in spring, early/mid summer, and fall. Locally, avalanche 
chutes and riparian patches are important habitats before and after berry season 
(McLellan and Hovey 2001).  

Moose 

While all ungulates use riparian areas to some extent, moose are particularly 
adapted to these ecosystems – particularly wetlands. Their summer diet consists 
in part of aquatic vegetation and generally moose prefer to feed on broadleaved 
deciduous trees and shrubs rather than conifers (Eder and Pattie 2001). Their 
winter habitat is typically strongly associated with riparian areas dominated by red-
osier dogwood and willow interspersed with mature spruce (Poole and Stuart-
Smith 2004). 

 
 
 
 
 

Terrestrial 
Habitat 

 
 
 
 

Terrestrial 
Habitat 

Terrestrial 
Habitat 

Great Blue 
Heron 

Colonially nesters in mature and old trees (black cottonwood as well as conifers), 
usually near water. Important foraging habitats include aquatic areas such as 
riverbanks, lakeshores, and wetlands. Bald Eagle predation is currently having a 
significant impact on nestling survivorship. 
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Key Value Dependants  Association with Riparian Areas1

Biodiversity 
(numerous 
species) 

Riparian areas are naturally associated with large numbers of species and are 
thus critical to the maintenance of general biodiversity. Important habitat elements 
associated with riparian forests include: 
1. Hygric ecosystems: Maintaining hygric ecosystems through dense vegetation 

cover and increasing groundwater recharge levels which help to maintain the 
biodiversity on the land base and is therefore a key part of the ecological 
representation strategy (Mahoney and Rood 1993, Hughes 2003).  

2. A range of seral stages / structural stages: Riparian vegetation functions as 
habitat for terrestrial wildlife species by (i) providing browse (shrubs and 
young hardwoods) for ungulates, (ii) large-size snags and suitable live trees 
for cavity nesters (e.g., woodpeckers, bats, bears, squirrels, marten) and 
platform nesters (e.g., Great Blue Heron, Bald Eagle, Osprey), and (iii) coarse 
woody debris for amphibians, reptiles, and small mammals. Managing for the 
diversity and extent of seral stages and stand structures within the range of 
natural variability is thought to be important in maintaining species richness 
and associated ecological functions. 

3. Concentrations of mature and old hardwoods and shrubs: Being deciduous 
and broadleaved, these trees provide nutrients for the riparian community and 
many habitat elements required by wildlife. Old and mature hardwoods (esp. 
cottonwood) are susceptible to heart rot fungi which provide suitable wood 
condition for cavity excavators, have branching pattern suitable for platform 
nesters, support large insect populations, and retain large quantities of water 
that aid in forest fire suppression of riparian areas. 

4. Overhanging streamside vegetation: Provides security cover, thermal 
buffering, and important nutrient and insect inputs into aquatic habitats. 

Water 
Suitable for 
Domestic 

Consumption 

Humans, 
Livestock, 

etc 

The vegetation in riparian areas help to maintain water quality by reducing 
sediment inputs into water courses through: 
1. Maintaining bank and channel stability through root networks;  
2. Moderating bedload transport rates through large woody debris supplied to 

the channel; 
3. Reducing the likelihood of slope failures adjacent to streams; 
4. Reducing forest floor scour during overbank floods by increasing surface 

roughness which reduces flow velocity; 
5. Filtering water inputs into water courses by recycling the nutrients carried in 

runoff and subsurface flow from adjacent land (Mayer et al. 2005) (seepages, 
ephemeral streams, ditchline/road runoff, etc);  

6. Providing shade that helps maintain stream temperatures/water quality, and 
7. Reducing nitrogen and phosphorus loading into adjacent water (Dodds and 

Oaks 2008, and Mayer et al. 2005)  

 
Protection for 
aquatic and 
terrestrial 

habitat 
 

 
Riparian 
Function 

 

Vegetated riparian areas help to moderate water quality, stream bank stability, and 
floodplain erosion rate already mentioned above. In addition, vegetated riparian 
areas increase floodwater retention by trapping and storing water from overbank 
flows. 
Floodwater storage: Water from overbank flooding is temporarily stored on the 
floodplain along with sediment (Wolman and Leopold 1957, Nanson and Beach 
1977, and Brinson 1990). Wooded floodplains contribute to this natural floodwater 
storage function by increasing the hydraulic roughness of floodplain areas, which 
slows the velocity of the floodwaters and allows water to pond in overbank areas.  
Overland flows: Riparian vegetation (especially shrubs and understory) filters 
sediment from surface runoff following rain or snowmelt events by reducing the 
flow velocity resulting in sediment deposition on the floodplain. This is an 
important function for all size of streams including S5 and S6 streams. Sediment 
filtration in the riparian area is important for spawning bed protection at the source 
and downstream from the sediment source (Moring 1982). 

1 Species information based on CDC BC Species Summaries 2008; 
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3.3 Sensitivities of Values and Existing Management Guidance 
The sensitivity or vulnerability of each riparian value to forest harvesting in riparian areas is discussed 
below.   
 
Existing management guidance occurs in numerous sections of Canfor’s Forest Stewardship Plan (FSP). 
Sections generally applicable to most values include the following and are not repeated in Table 2. 
 
6.1.1.1 Biodiversity Emphasis  
6.1.2.3 Objectives Set By Government for Wildlife 
6.1.2.4 Objectives Set By Government for Water, Fish, Wildlife and Biodiversity Within Riparian Areas 
6.1.2.6 Objectives Set By Government for Fish Habitat in Fisheries Sensitive Watersheds  
6.1.3.2 Wildlife Habitat Areas  
6.1.3.7 Areas with Significant Watershed Sensitivity 
 
Similarly, in Canfor’s FSP Supporting Document, numerous sections are also generally applicable to most 
values in Table 2. These include: 
 
1.1.1.1 Biodiversity Emphasis 
1.1.2.3 Objectives Set By Government for Wildlife  
1.1.2.4 Objectives Set By Government for Water, Fish, Wildlife and Biodiversity Within Riparian Areas 
1.1.2.5 Objectives Set By Government for Wildlife and Biodiversity 
 
Various sections of Canfor’s Sustainable Forest Management Plan are applicable to riparian areas and 
species dependent on these habitat types. Measure 9-5.2 requires primary forest activities to be 
“consistent with riparian management strategies for reserve and management zones specified in a FSP”. 
An implementation strategy (section 7.2) specifically targets Riparian Areas. Applicable implementation 
strategies are noted with each species in Table 2. 
 
Table 2.  Riparian values, sensitivities to forest harvesting, and existing management guidance 

Riparian 
Value 

Sensitivity to Forestry in Riparian Areas Existing Management Guidance  
BC and Canfor other than this 
Integrated Riparian Strategy) 

Fish Habitat 
(general) 

- The suitability of spawning areas requires species-specific 
substrate conditions (e.g., clean gravel and cobble), water 
temperature and other habitat elements (deep pools, undercut 
banks, logjams, and overhanging vegetation) for egg and fry 
survival. 
- Excessive siltation/sedimentation and temperatures will affect 
probability of successful spawning while lack of in-stream LWD and 
simplified channel morphology will decrease suitability of rearing 
habitat. 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
 

Bull Trout 
Habitat 

- Impacted by siltation of spawning streams. Timber harvest and 
associated activities may have negative impacts on stream channels 
through sedimentation and/or increasing flooding or scour events 
(Rieman and McIntyre 1993).   
- The species is also highly sensitive to water temperature regimes. 
Optimum temperature ranges (in degrees Celsius) of specific life 
history stages are: incubation 2-6, rearing 6-14, and spawning 5-9 
(Oliver and Fidler 2001).  
-Bull trout egg survival rate significantly increases when spawning 
occurs in areas of groundwater discharge (Baxter and McPhail 
1999). Timber harvesting to the streams edge is known to 
significantly impact flow pathways of water entering a stream from 
the surrounding watershed (Moore and Wondzell 2005). This may 
result in a reduction in the extent of groundwater discharge areas 
available for spawning sites. 
BC Status: blue 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
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Riparian 
Value 

Sensitivity to Forestry in Riparian Areas Existing Management Guidance  
BC and Canfor other than this 
Integrated Riparian Strategy) 

IWMS: no 
COSEWIC: not listed 
SARA: not listed 

Westslope 
Cutthroat 

Trout Habitat 

- Impacted by siltation of spawning areas, reduction in in-stream and 
overhead cover and alterations of channel conditions and 
complexity (e.g., overwidening of channel, reduction of depth, 
sinuosity, LWD and undercut banks). 
- Optimum temperature ranges (in degrees Celsius) of specific life 
history stages are: incubation 9-12, rearing 7-16, and spawning 9-12 
(Oliver and Fidler 2001). 
 
BC Status: blue 
IWMS: yes 
COSEWIC: special concern 
SARA: not listed 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• Canfor’s SFMP. 
 

Kokanee 
Habitat 

- Impacted by forestry practices that increase sedimentation or 
water temperature.  
- Kokanee egg survival rate significantly increases when spawning 
occurs in areas of groundwater discharge (Garrett et al.  1998). 
Timber harvesting to the stream edge is known to significantly 
impact flows pathways of water entering a stream from the 
surrounding watershed (Moore and Wondzell 2005). This may result 
in a reduction in the extent of groundwater discharge areas available 
for spawning sites. 
 
BC Status: yellow 
IWMS: no 
COSEWIC: not listed 
SARA: not listed 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• Note: Kokanee are not native 
to the Upper Columbia watershed 
(only to Kootenay River 
watershed). However, they are a 
culturally important species with 
a high value sport fishery. 
 

Burbot 
Habitat 

- Lacustrine populations are only present in the river in the winter to 
spawn and not present for the rest of the year. However, some 
fluvial populations do exist (McPhail 2007).  
- Both populations can be impacted by forestry practices that 
increase sedimentation 
- Optimum temperature ranges (in degrees Celsius) of specific life 
history stages are: incubation 4-7, rearing 15.6-18.3, and spawning 
0.6-1.7 (Oliver and Fidler 2001). Forestry practices not likely to 
impact winter water temperatures. 
 
BC Status: red 
IWMS: no 
COSEWIC: not listed 
SARA: not listed 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 

Beaver 
Habitat 

- Forestry activities impact greatly on beaver habitat in B.C. 
Logging and widespread suppression of forest fires has reduced 
considerably the amount of new or renewed beaver habitat coming 
into production. Extensive logging changes stream flow 
characteristics within catchments that can affect the rate of beaver 
dam failure altering channel morphology and sediment transport 
dynamics through wetland habitats.  Silvicultural practices that 
eliminate or shorten the deciduous shrub and tree stage (the 
beaver’s food supply) of the forest regeneration cycle also have 
negative impacts on beaver populations (B.C. Ministry of Env., 
1988). 

 
BC Status: Yellow 
IWMS: no 
COSEWIC: not assessed 
SARA: not listed 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• B.C. Ministry of Environment 
Beaver Management Guidelines, 
2001 (Draft version) 
• various sections of Canfor’s 
FSP and SFMP, though none 
specifically target beaver. 
• Identified as potential focal 
monitoring species under SFMP 
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Riparian 
Value 

Sensitivity to Forestry in Riparian Areas Existing Management Guidance  
BC and Canfor other than this 
Integrated Riparian Strategy) 

Coeur 
d’Alene 

Salamander 
Habitat4

- Logging: slumping, sedimentation and clogging of interstitial 
spaces, removal of riparian vegetation leading to desiccation and 
higher temperatures (BC Ministry of Water, Land & Air Protection 
2004) 
- Burning and herbicide application during silvicultural activities 
- Water diversion leading to desiccation (especially for rock see 
pages and ephemeral streams that may go unnoticed during 
upslope logging and road-building activities  
(sensitivities are potential - no direct observation of these effects on 
Coeur d'Alene salamander sites in BC) 
 
BC Status: yellow listed 
IWMS: yes 
COSEWIC: special concern 
SARA: Schedule 1 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• General wildlife measures as 
per IWMS provisions. 
• no WHAs in Invermere TSA 
closest are Mark & Perry Creek 
in Cranbrook TSA.  
 
• Canfor FSP: Section 6.1.2.3 
• Canfor FSP Support 
Document: Section 1.1.2.3 (i) 
 
 

Lewis’s 
Woodpecker 

Habitat 

- Loss of suitable nesting trees: logging of ponderosa pine and 
cottonwood stands or cutting of large-sized wildlife trees. Lack of 
recruitment of large diameter potential wildlife trees. 
- Fire suppression which decreases amount of burned trees and 
associated insects that constitute the main food source for Lewis’s 
Woodpecker. It also leads to forest in-growth and conversion to 
Douglas-fir. 
 
BC Status: red 
IWMS: yes 
COSEWIC: special concern 
SARA: Schedule 1 

• Canfor FSP: Section 6.1.2.3 
• Canfor FSP Support 
Document: Section 1.1.2.3 (iii) 
• Canfor SFMP: Wildlife Tree 
Strategy; Hardwood Tree 
Strategy 
• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• WHAs as per IWMS 
provisions. 
• Note: the only WHA for Lewis’s 
Woodpecker in Invermere TSA is 
WHA 4-002 near Findlay Creek.   

Grizzly Bear 
Habitat 

- Removal of cover within or adjacent to wetlands and riparian 
areas. 
- Fire suppression in riparian areas. 
- Road building and associated access to grizzly habitat. 
 
BC: blue 
IWMS: yes 
COSEWIC: special concern 
SARA: Schedule 1 

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• Kootenay-Boundary Land Use 
Plan provisions: “Retain 
adequate amounts of mature, 
and/or old forests … adjacent to 
important avalanche tracks.” 
• Canfor’s FSP: Section 6.1.1.5; 
• Canfor’s FSP Supporting 
Document: Section 1.1.1.5 

Moose 
Habitat 

- Removal of cover within or adjacent to wetlands and riparian 
areas. Poole and Stuart-Smith (2004 and references therein) 
suggest that early seral vegetation (e.g., willow shrubs and dogwood 
patches) in riparian areas provides important winter habitat.  
- A mosaic of cover and openings provides most suitable habitat 
conditions, especially at lower elevations.  
BC: yellow 
IWMS: no 
COSEWIC: not assessed 
SARA: not listed 

• Standard BC RRZ and RMZ 
practices specific to riparian 
classes. 
• UWR guidelines for the 
Kootenay Columbia region 
• Canfor’s FSP Section 6.1.3.3;  
• Canfor’s FSP Support 
Document: Section 1.1.2.3 (iv); 
 
 

Great Blue 
Heron 
Habitat 

Nesting Areas:  
- Sensitive to human-disturbance including forestry activities, 
especially during the breeding season (May –July).  

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 

                                                      
4 Coeur d'Alene's have not been observed in the TSA and to date no effort has been expended to investigate their occurrence 
(Penny Ohanjanian [local authority on the species] pers. comm. to I. Adams).  Penny O. has indicated there is a high probability that 
this species does occur in the TSA, but exact locations are unknown.  As such, there is no specific areas in the TSA where Canfor 
or others would need to consider Coeur d'Alene's until their presence is confirmed. 

September 28, 2009       10  



    

Riparian 
Value 

Sensitivity to Forestry in Riparian Areas Existing Management Guidance  
BC and Canfor other than this 
Integrated Riparian Strategy) 

- Removal of large-sized trees within or near wetlands and riparian 
areas. 
Foraging Areas: 
- Removal of riparian cover, slumping, sedimentation may affect 
prey populations (amphibians, small fish) and/or foraging efficiency. 
BC: blue 
IWMS: yes 
COSEWIC: not assessed 
SARA: not listed 

• WHAs as per IWMS 
provisions. 
• Identified as potential focal 
monitoring species under 
Canfor’s SFMP 

Biodiversity 
(numerous 
species) 

1. Hygric ecosystems: These ecosystems often contain high water 
tables and sensitive soils that may get degraded in forestry 
operations and could lead to increased sedimentation of 
streams.  

2. A range of seral stages / structural stages: By targeting late 
seral stands for logging, forestry can push the natural 
distribution of seral stages outside their range of variability, 
which in turn can change riparian species composition and 
ecosystem functions. Likewise, fire suppression can alter 
natural seral stage distribution and structural conditions. 
Forestry operations can have negative effects on habitat 
elements such as large snags and CWD. 

3. Concentrations of hardwoods: Cutting of mature and old 
hardwoods for commercial processing or to convert stands to 
conifers, suppression of riparian disturbances, and silvicultural 
activities to favour conifer regeneration, all have negative 
impacts on riparian hardwood ecosystems, hydrologic budgets 
and their dependent wildlife species. Regeneration of 
hardwoods may be difficult in the absence of disturbances. 

4. Overhanging Streamside Vegetation: Removal of streamside 
vegetation through logging, road building, or vegetation 
management may increase water temperatures and/or 
decrease nutrient input, bank stability, and security cover.  

• Standard BC RRZ and RMZ 
practices specific to water feature 
riparian classes. 
• Identified Wildlife Management 
Strategy. 
• Wildlife Tree Management 
Guidelines. 
• Kootenay-Boundary HLP - old 
and mature seral requirements. 
• Ungulate Winter Range 
Guidelines. 
• Canfor’s SFMP strategies 
(various). 
 
 

Water 
Suitable for 
Domestic 

Consumption 

- Forest harvesting within watersheds can influence water quality, 
quantity and timing of flow. Practices within riparian ecosystems can 
have long-term impacts on water quality by disrupting the linkages 
between channel processes and riparian vegetation. Removal of 
riparian vegetation can result in reduced sediment filtering, 
increased exposure of soils, altered drainage patterns, increased 
incidence of sloughing or slope failures into the channel, nitrification 
phosphorus loading which may lead to eutrophication (Brady and 
Weil 2002), and reduced bank and channel stability. 
- High value consumptive use watersheds (domestic and community 
watersheds) exist within Canfor’s operating area that are vulnerable 
to changes in water quality associated with disturbances to riparian 
ecosystems. 

• Standard BC RRZ and RMZ 
practices maintain forested fixed 
width buffers specific to riparian 
classes. 
• Canfor’s SFMP: Consumptive 
Use Streams Strategy; see also 
Measure 9-5.1 
• Canfor’s FSP: Sections 6.1.1.6 
and 6.1.2.5;  
• Canfor’s FSP Support 
Document: Sections 1.1.1.6 and 
1.1.3.2 

Protection for 
aquatic and 
terrestrial 
habitat. 

1. Floodwater retention: Removal of trees, shrubs, and 
groundcover reduces hydraulic roughness of the floodplain 
resulting in increased scour of the forest floor during overbank 
flooding and reduced floodwater storage on floodplains 
(Leopold 1994 and Thomas and Nisbet 2007). This can 
increase sedimentation to fluvial systems, increase vertical and 
lateral channel instability and decrease off-channel habitat 
necessary for juvenile fish, amphibians and invertebrates. 

2. Sediment filtration: Loss of trees and shrubs results in no 
reduction of overland flow velocity thereby allowing increasing 
sedimentation entering the stream during rain events. Increased 
sedimentation has been shown to significantly reduce 
intergravel flows (Moring 1982), which in turn can substantially 

• Standard BC RRZ and RMZ 
practices maintain forested fixed 
width buffers specific to riparian 
classes. Planners may propose 
alternatives if supported by an 
assessment showing no 
detrimental effects. 
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Riparian 
Value 

Sensitivity to Forestry in Riparian Areas Existing Management Guidance  
BC and Canfor other than this 
Integrated Riparian Strategy) 

impact fish either directly through reduced spawning success 
(Kondolf 2000) and/or indirectly impact through change in 
invertebrate density. 

 

3.4 Range of Natural Variability for Riparian Ecosystems 
Over the past few decades, considerable attention has been given to assessing and protecting the values 
unique to riparian areas in British Columbia.  This protection effort has focused on the delineation of 
riparian reserves zones, buffers or other linear retention strategies (e.g., Province of BC 1995a – Riparian 
Management Area Guidebook). Despite the work that has occurred in the last decade, very little research 
has been done within the Kootenay Boundary region to determine the role of natural variability associated 
with disturbance regimes in riparian systems.  
 
Recent research from the East Kootenays and elsewhere in the Pacific Northwest suggests that riparian 
ecosystems, even within the same biogeoclimatic (BEC) zone, vary considerably over space (i.e., 
longitudinally) and time (Braatne et al. 1996; Naiman and Bilby 1998, Montgomery 1999).  This variation 
is in direct response to natural disturbance including flooding, ice, fire, and other factors such as pests or 
wind. Successional changes in riparian vegetation associated with flooding, ice, fire, and forest mortality 
are critical to increasing heterogeneity in riparian areas, thus contributing to terrestrial and aquatic 
species diversity (Naiman and Bilby 1998, Rood et al. 2007). Longitudinal variability in riparian 
ecosystems is observed in the changing dynamics of terrestrial – aquatic transfer processes (e.g., 
sediment, biotic/nutrient, wood, etc) with increasing stream size from 1st order headwater streams to large 
5th order river systems. Mandating fixed width riparian reserves that do not accommodate for the natural 
range of spatial and temporal variability within a riparian ecosystem could have long term, negative 
consequences on ecosystem function (Everett et al. 2003, Martin et al. 2006). 
 

3.4.1 Temporal Variability in Riparian Ecosystems 

In the Kootenay Columbia headwater region primary riparian disturbance mechanisms are flooding 
(including ice jam floods and debris floods), snow avalanches and fire. Secondary disturbance 
mechanisms include landslides, wind, beaver, grazing, diseases and insects. While debris floods and 
snow avalanches are limited in extent to the steeper headwater regions and flooding and ice jam 
floods occur on the larger fluvial systems, the entire drainage basin and adjacent upland hillslopes 
can experience fire and wind disturbance (Montgomery 1999). However, fire is a more important 
disturbance mechanism and can dictate the vegetation dynamics along low-order stream types  
(Charron and Johnson 2006). Because flooding, snow avalanches and fire are the dominant 
disturbance mechanisms, much of the following discussion focuses on their influence on riparian 
ecosystem function. 
 
FLOODING 
 
Flooding occurs when high water levels cause a stream to overflow its banks and inundate adjacent 
areas (floodplains and valley flats) not normally submerged. Floods are a common agent of 
disturbance in riparian areas and the main mechanism for recruitment of large woody debris (LWD) to 
stream channels. Flooding is also the main mechanism for cottonwood and willow establishment 
(Polzin and Rood 2006, Polzin and Rood 2000, and Mahoney and Rood 1998).  Flooding is the 
driving force behind channel migration and floodplain erosion and sedimentation, and the two 
mechanisms primarily responsible for riparian stand dynamics (Polzin 2006). Watershed size, hydro-
climate regime and physiography (including geology, soils, slope, drainage density, etc.) all play a 
significant roll in determining the flood regime of a watershed.  
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Causes of flooding  
 
Regional analyses of the climatic factors controlling flooding have been undertaken for the Southern 
Purcell/Rocky Mountain regions (MacDonald et al. 1994, Alila et al. 2005, Green, 2005) 
 

• Solar radiation only floods: This type of flood is most common in the East Kootenay (approx. 
70 to 80% of floods) and often regionally extensive (eg. 1948, 1961, 1972, 1974). Radiation 
driven floods typically occurring as a result of a prolonged period of unusually warm spring 
weather (exceeding approx. 6 days). 

 
• Rain on snow floods: Rain-on-snow flooding is the 2nd most common flood mechanism in the 

east Kootenay (~11 to 23% of floods). R-O-S floods are generally localized (eg. 1995 – Elk 
River) and normally occur later in the snowmelt period when the snow pack is saturated (late 
May or June).  

• Low elevation watersheds (where max. elevation less than approx. 2000 m) tend to 
experience more frequent rain-on-snow driven floods due to warmer, more saturated 
snow packs earlier in the spring snowmelt period that are more responsive to early 
rain-on-snow events. 

 
• Rain only floods: Rain only floods are generally localized to headwater catchments in the 

case of mid-summer thunderstorm driven floods or, rarely, more regionally extensive and due 
to large winter rain-storms (e.g. November 13 1999).   

 
• Ice jam floods: In the southern interior of B.C. ice jam flooding is relatively infrequent but 

often regionally extensive and occurs as a result of heavy, prolonged rain immediately 
following mid to late-winter (December – March) ‘cold snaps’ that have caused rivers and 
tributaries to develop thick ice layers (e.g. January 18, 2005). 

 
 
 
Effects of flooding on riparian ecosystems 
 
Headwater Streams (<5 metres) 
Small, low order watersheds that drain steep mountain slopes typically have the greatest variability in 
peak discharge but a low frequency of large floods. In the Kootenay – Columbia Region, the 
magnitude of peak flows in small, steep, alpine streams is a function of total snow accumulation and 
the total energy available to melt the snow through the spring months.  In these small, alpine-sourced 
streams large floods typically occur during years when cool early spring temperatures that limit early 
spring snowmelt are followed by a prolonged period of sustained high temperatures. Very rare rain-
on-snow events that occur late in the snowmelt season can also cause large floods in Kootenay–
Columbia headwater streams. Debris floods and debris flows are triggered by high discharges in 
small headwater channels with gradients steeper than about 25% and 10% respectively. Large floods 
that have the capacity to erode channel banks and transport large volumes of coarse bed load 
generally occur with a frequency (return period) of once every 20 to 50 years or more (Church 2002).  
 
Riparian vegetation in these steep headwater streams includes alder (Alnus tenuifolia) false azalea 
(Menziesia ferruginea), white-flowered rhododendron (Rhododendronalbiflorum), and willow (Salix 
sp.). Root systems of resilient deciduous shrubs re-establish quickly along channels following 
disturbance but slower-to-establish, coniferous species are limited to less active outer margins and 
side slopes. Large woody debris (LWD) has limited function in controlling channel structure in these 
active colluvial channels. Episodic debris flows and floods in these steep alpine-sourced channels is 
an important mechanism for the transfer of organic material and nutrients to higher order reaches. 
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Non-alpine Headwaters 

Non-alpine headwater channels represent a very small percent of the small streams in the Kootenay 
Columbia headwater region. Most of the small non-alpine channels occur along the lower elevation 
ridges that occur along the margins of the Rocky Mountain Trench (RMT). Flooding in steep, non-
alpine channels (> ~25%) triggers debris floods and flows; however, these channels typically 
experience a lower frequency of disturbance events than alpine channels. Lower gradient (~5 to 
10%), non-alpine streams lack colluvial processes and experience channel forming flood events very 
infrequently.  

Riparian stands adjacent to lower elevation, non-alpine headwater channels of the RMT experience 
disturbance by fire more often than flooding. Surface flow either originates at mid-slope springs and is 
relatively constant through the spring and summer months or is snowmelt sourced and limited to a 
short period of time in the early spring months. While there is typically a higher concentration of 
deciduous shrubs including alder (Alnus tenuifolia) and willow (Salix sp.) adjacent to these seasonal 
channels, coniferous stand composition does not differ considerably from stands on the adjacent 
open slopes.  
 
Intermediate Streams (5 to 15 metres) 
As watershed size increases to include a greater range of slope elevations and aspects the variability 
in peak discharge decreases and the frequency of overbank flood events increases. A number of 
studies have determined that channel morphology provides a clue to the scale at which this transition 
occurs (Wolman and Miller, 1960, Dodov and Foufoula-Georiou 2005). The transition from transport-
dominated (coarse textured, colluvial channels) to deposition-dominated (finer textured, alluvial 
channels) morphology in a watershed also appears to be the scale at which the flood regime moves 
towards a higher frequency of overbank flood events.  

Intermediate sized streams draining areas between about 20 to 200 km2 that occupy the main 
tributary valleys in the Kootenay-Columbia headwater region generally have step pool and plane bed 
morphologies. The stream bed morphologies are transitional between colluvial and alluvial channels 
with gradients ranging between 2 and 10 percent. These channels experience flooding more 
frequently than the steep colluvial headwater streams but less frequently than the largest fully alluvial 
systems (approx 1:10 to 1:20 yrs). Over bank floods typically result in undercutting of banks, 
recruitment of LWD and channel avulsion. LWD spans the channel as single pieces or forms jams in 
the confined valley bottoms depending on the size (diameter) of the woody debris and the magnitude 
of the flood event. LWD jams can last in these intermediate channels for upwards of 100 years or 
more functioning as long-term sediment storage sites and diversion points for channel avulsion 
(Faustini and Jones 2003).  

Riparian vegetation consists of linear zones or patches of late seral stage riparian vegetation 
including large diameter spruce (Picea engelmannii) and balsam fir (Abies lasioarpa) at higher 
elevations and cedar (Thuja plicata) with black cottonwood and apsen (Populus trichocarpa (Torrey), 
Populus tremuloides (Michx.)) at mid and lower elevations.  
 
Large Streams (>15 m) 
In Kootenay-Columbia headwater streams the transition to fully alluvial, deposition-dominated 
morphology tends to occur once watershed areas exceed approximately 200 km2 and bankfull width 
exceed 15 meters (Green 1997, 2002, 2003, 2004, 2005). At this scale, flooding streams occupy 
over-flow channels, mobilize existing LWD, scour banks at meanders (resulting in the recruitment of 
additional LWD), and deposit fine textured over-bank sediments on floodplains (Abbe and 
Montgomery 2003). An analysis of hydrometric data for the largest alluvial channels in the Kootenay-
Columbia region suggest these systems experience overbank floods that have the capacity to erode 
channel banks and occupy the floodplain on average once every 5 years or less.  
 
The lateral stability of these large stream and river channels is directly dependant on the function of 
riparian vegetation. Channels with small diameter, shallow rooted riparian species such as lodgepole 
pine (Pinus contorta) maintain a wide, braided channel appearance (i.e. channels with high rates of 
lateral migration). Channels with deep-rooted, large diameter riparian species such as black 
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cottonwood and cedar typically maintain a complex channel structure including anastomosing, 
meandering channel patterns with alternating pool-riffle morphology (Abbe and Montgomery 2003). 
 
 
SNOW AVALANCHES 
In the K-C headwaters region snow avalanches are an important disturbance mechanism in 
headwater streams and facilitate the transfer of sediment, nutrients and woody debris from 
headwaters to main stem channels (Butler et al. 1992). In headwater channels snow avalanches 
create openings in riparian stands, expose mineral soil to weathering and erosion, scour riparian 
areas and adjacent valley sides of sediment and vegetation, transport sediment and organic debris to 
downstream reaches. Deposition of woody debris and sediment into piles creates dams that can 
retain water and subsequently burst during spring melt resulting in flood disturbance to downstream 
reaches.  
 
Snow avalanches originate primarily in steep alpine headwater regions and occur when the 
downward shear stress associated with the snow load exceeds the shear strength of planes of 
weakness between layers of snow within the snow profile or at the snow-ground interface. Layers of 
water within the snow profile or at the snow-ground interface associated with melting snow or rain-on-
snow events can add lubrication and contribute to avalanche initiation in the later spring months 
(Keylock 1997).  
Snow avalanches responsible for sediment and debris transfer initiate either as slab (wet or dry) or as 
slush avalanches (Keylock 1997). Slush avalanches occur under the specific conditions of a late 
spring, saturated snowpack and initiation occurs at the ground-snow interface in response to a period 
of heavy rainfall and/or rapid snowmelt (McClung and Schaerer 1993). 
 
Frequency of snow avalanches varies exponentially along the avalanche path with the highest 
frequency events occurring at the uppermost elevations near the zone of initiation and the lowest 
frequency of events occurring along the outer margins of the path and in the depositional area 
towards the toe of the slope. The variability of frequency of snow avalanches is reflected in the 
vegetation types growing along the avalanche path. Deciduous shrubs including alder, false azalea, 
white-flowered rhododendron, willow, scrub birch (Betula glandulosa) and red-osier dogwood (Cornus 
stolonifera) with occasional saplings and broken stems of balsam fir (Abies lasioarpa) and Englemann 
spruce (Picea engelmannii) occur in the most active portion of the avalanche path. A transitional 
stand of stunted, bent and broken balsam fir, Englemann spruce and lodgepole pine (Pinus contorta 
var, latifolia) occur along the margins of the active paths (Johnson, 1987). Stands of cottonwood and 
aspen typically colonize the more active portions of the runout fans along the main valley bottoms. In 
the Rocky Mountains of Glacier National Park (GNP) return periods of snow avalanches were found 
to range from about 2.5 years along the headwater segments and in the main transport path to 25 
years along the outer margins of the runout zone at the lower end of the avalanche path (Reardon et 
al., 2008). These results were generally consistent with the return periods estimated for snow 
avalanches in the Kananaskis area of Alberta (Johnson, 1987).  
 
While the frequency of snow avalanches in the Rocky Mountains has received some attention 
(Johnson, 1987, Butler and Malanson, 1985, Reardon et al, 2008), the frequency of snow and slush 
avalanches that have the capacity to transport large volumes of sediment and debris, create debris 
dams and impact features has received very little consideration. These infrequent extreme 
avalanches create new paths through standing timber and deposit large volumes of woody debris and 
sediment in main stem stream channels. An analysis of impact structures associated with avalanches 
in the Rocky Mountains south of Jasper National Park and in Kananaskis Park suggests that extreme 
avalanches occur with a return period of between 50 to 150 years (Daniels et al., 1994).  
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FIRE 
 
Upland classification of fire regimes  

The role of fire in shaping forested landscapes and ecosystems is recognized by the Canadian 
Sustainable Forest Management Network as an important consideration in the development of forest 
management strategies (e.g., Bergeron 2003). In BC, historic fire regimes and the associated ranges 
of variability have received much attention in recent years (review in Wong et al. 2003). In 1995, the 
provincial Forest Practices Code introduced a “natural disturbance type” classification for BC’s 
landscapes (NDT 1-5; Province of BC 1995b). The NDT categories are based on fire return intervals 
(FRI) that can be expected in particular ecosystems (i.e., groups of BEC units). The concept of 
ecosystem-specific historical fire regimes (i.e., fire frequency and severity) is now widely used to 
address conservation of landscape biodiversity (e.g., Wilson et al. 2002, 2003; Steeger & Wilson 
2005), which is accomplished by emulating the outcomes (e.g., seral stage distribution) expected 
from natural fire regimes through forest management.  
 
The Invermere TSA includes all five NDT categories but the vast majority is covered by ecosystems 
that are either fire-maintained (NDT4; 15-20%) or subject to frequent stand-initiating fires (NDT3; 75-
80%). These landscapes historically experienced relatively high levels of fire disturbance, with fires 
varying in size and severity as a function of on site and ecosystem-specific conditions (Stuart-Smith & 
Hendry 1998).  
 
For comparable areas, fire frequency estimations can vary, depending on the literature source and 
locale. For the dry NDT4 ecosystems of BC, estimates of mean intervals of stand-maintaining surface 
fires historically ranged from 4 to 50 years (Province of BC 1995b). More specific mean fire return 
intervals for the East Kootenays (studies from local or nearby ecosystems) indicate a range of 12-32 
years. Data from 19 fire historic studies in comparable dry forest types within Western Montana and 
Northern Idaho indicate a mean FRI of 31 years (Cilimburg and Short 2005). The Biodiversity 
Guidebook indicates frequency of stand-initiating fires in the NDT4 ranges from 150 to 250+ years. 
However, Pollack et al. (1997) calculated a mean return interval of 111 years, indicating the 
uncertainty associated with frequency estimations.  
 
For BC ecosystems with frequent, stand-initiating fire events (NDT3), mean FRI were estimated at 
approximately 150 years (Province of BC 1995b). Empirical studies indicate mean return intervals 
ranging from 11 to 220 years. Based on data from 51 fire history studies in the Montana and Idaho 
forest types, the average stand has a mean fire return interval of 78 years (Cilimburg and Short 2005 
and references). Demonstrating the variability experienced for upland fire return intervals. Studies 
specific for individual drainages would be needed to have a higher degree of accuracy than the NDT3 
and NDT4 provincial mean fire return intervals.  
 
Given the frequent fire history in the East Kootenay and Boundary regions, it is important to 
understand how historical fire regimes differ between upland and riparian areas. While it is known that 
fire disturbance is one of the natural disturbances found in riparian zones, fire has been seldom 
investigated for riparian ecosystems and even less for cottonwood vegetation communities (Gom and 
Rood 1999, Ellis 2001, Dwire and Kauffman 2003, Charron and Johnson 2006).  
 
Fire frequency in riparian areas  

Riparian zones are often characterized by vegetation (trees, shrubs and herbs) with increased fire 
resistance and higher moisture needs. The higher moisture is believed to prolong drought resistance 
and decrease flammability and in turn fire frequency. Evidence showing longer FRI in riparian areas 
of the Pacific Northwest is provided by several investigators (Camp et al. 1997, Barrett 1982, Arno 
and Peterson 1983, Skinner 1997, Agee 1990, Everett et al. 2003). Conversely, a number of recent 
fire history studies did not find differences in fire frequencies between riparian and upslope areas 
(Olson 2000, Olson and Agee 2005, Charron and Johnson 2006). Variability in stream width, 
hydrology (flow characteristics, water table depth, groundwater-surface water dynamics) 
climate/microclimate/weather (air temperature, seasonal availability of water relative to humidity, 
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winds, lightning), geomorphology (stream bank stability, channel structure, topography), and riparian 
vegetation types (plant species composition and abundance, community structure, flammability), and 
distribution of plant biomass (above and below ground) are all factors that have been cited as 
affecting fire behaviour and frequency in riparian areas (Olson 2000, Dwire and Kauffman 2003, 
Everett et al. 2003, Skinner 2003). Given the variability resulting from these differences, riparian fire 
return intervals cannot be generalized and lumped together for comparison. Course scale 
stratification by basin position, vegetation type, and moisture levels may help classify riparian areas in 
terms of their fire frequency and thus be a means to reduce some of the conflicting results. 
 
Stratifying riparian areas to estimate fire frequency  

Stratifying allows for similar riparian ecosystem comparison. Stratifying the riparian ecosystem into 
three classes - upper reaches small or headwater streams (1st order), intermediate (2nd and 3rd order) 
mid basin, and large streams (4th and 5th order) bottom of the drainage basin (Montgomery 1999), 
helps to reduce some of the variability found in the literature. However, there is still conflicting study 
results with this method and further stratification would be needed for integration of other important 
fire interaction factors including: stream size and position in the drainage, climate, hydrology, 
geomorphology, and riparian vegetation types.  
 
We completed an analysis which compares studies of riparian areas and fire frequency based on 
stream size. Note that this analysis is limited by the fact that there are few studies on riparian fire 
return intervals compared to upland fire return intervals and that the studies available do not present 
all of the above parameters for each stream studied, further complicating comparison of results 
between papers. Additionally, the majority of the studies occur in the USA with only a few studies in 
Western Canada, so there are limited direct correlations to the vegetation types, weather, and many 
of the other factors affecting FRI. However, past studies show some general trends that occurred in 
riparian forests for different positions within the watershed, different moisture levels, and fire severity. 
 
HEADWATER STREAMS (1-2 times active channel width for valley bottom width) 
Headwater streams generally have FRI similar to or slightly lower (52 to 70% similarity by valley type, 
Everett et al. 2003) than the adjacent upland. These streams are often confined to V-shaped valleys 
with sideslope steepness of >30% to >50% resulting in narrow (<10 m) width, limited moist condition, 
forest type, and close position to the upland forest (Montgomery 1999, Olson 2000, Wimberly and 
Spies 2001, Everett et al. 2003, Skinner 2003). Olson (2000) grouped mainly small streams with 
some intermediate streams and found 35 to 39 years FRI for riparian and 27 to 36 year FRI for the 
upland in a mostly dry, low-severity fire forest in Oregon. Charron and Johnson (2006) studies in the 
front ranges of the Canadian Rocky Mountains found that 1st order riparian area FRI was similar to 
the upland FRI.  
 
Exceptions occur for very moist headwater streams that have been found to have less frequent FRIs 
than the adjacent uplands. Skinner (2003) compared 5 headwater streams in the Klamath Mountains 
of Northern California and found that median fire return times for the riparian were 2 to 5 times longer 
compared to the upland FRI. He contributed these results to the moist (humid) conditions of the study 
sites and suggested that riparian areas with perennial water may serve as effective barriers to many 
low-severity and some moderate-severity fires. However a 6th site that was a first order intermittent 
stream and a dryer habitat had the same medium FRI as the surrounding upland. Skinner (2003) 
suggested that the intermittent channels in these upper reaches acted as chutes in which fires spread 
easily and possibly burned more intensely compared with the landscape overall. When Everett et al. 
(2003) compared fire disturbance events between riparian and sideslope forests by valley type, as 
well as by aspect and plant association groups (PAG), headwater streams had a reduction in 
similarity (36 to 49%) to adjacent uplands of the Washington Cascades, USA. 
 
An exception to both similar and longer FRI was found for higher elevation, subalpine fir forests of 
eastern Washington by Camp et al. (1997) which provided evidence that riparian areas have higher 
probability of higher FRI compared to adjacent landscapes. 
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INTERMEDIATE STREAMS (2-4 times active channel width for valley bottom width) 
Intermediate streams typically have more variability, which may be a result of variability in study 
designs that combined different stream sizes together, thus making comparison difficult. However, 
Everitt et al. (2003) found 40% similarity between riparian and upland fire returns by valley type alone 
and 20% similarity by valley type, aspect, and PAG. Skinner (2003) reviewed two intermediate sites, 
but had no nearby comparable upland component, and found they had median FRI of 21 to 42 years. 
Olson (2000), mixed large, intermediate and small streams together but one set of data was mainly 
intermediate stream streams in dry, low-severity fire regime and found 13 to 36 year FRI for riparian 
and 10 to 20 years FRI for upland. Charron and Johnson (2006) conducted studies in the front ranges 
of the Canadian Rocky Mountains, and found that 2nd and 3rd order riparian area FRI was similar to 
the upland FRI. 
 
LARGE STREAMS (> 4 times active channel width for valley bottom width) 
Large stream riparian zones generally have the longest fire return interval compared to adjacent 
upland because fire is inhibited through natural firebreaks of wide streams, floodplains, meanders, 
oxbow lakes, seepage sites, exposed mineral soil, and through low fuel loadings on riparian forest 
floors (Timoney et al. 1997, Everett et al. 2003, Skinner 2003, Rood et al. 2007). Fire instances may 
have increased in some large stream riparian zones because of the increased human use for 
camping and recreation. Large stream riparian zones can act as green-strip firebreaks that prevent 
fire spread from one side slope to the other (Everett et al. 2003). Everett et al. (2003) found that wider 
valley bottoms where large streams occur had 17% similarity in fire disturbance events compared to 
the adjacent sideslopes.  
 
Not all of the literature showed that FRI was less in the riparian area than the upslopes of large 
streams. Olson (2000) did not have any large streams in the study area, but one study area that had 
the largest streams mixed with intermediate streams found almost no difference between riparian (13 
and 14 years) and upland (14 and 15 years) FRI for dry grand fir (ponderosa pine-dominated) forests 
of northeast Oregon. Charron and Johnson’s (2006) studies in the front ranges of the Canadian 
Rocky Mountains found that 4th and 5th order riparian area FRI was similar to the upland FRI. 
 
In general, available evidence suggests that differences in fire frequencies between riparian and 
upland areas appear to be similar in drier ecosystems compared with wetter ecosystems and that 
stream size and position in the drainage basin appear to have less of an influence in higher elevation 
ecosystems compared to lower elevation ecosystems. Although evidence is sparse for complex 
landscapes, some studies found that riparian zones burn less frequently in steeper valleys with more 
of an incised riparian zone (Olson 2000, Andison and McCleary 2002). Olson (2000) suggested that 
high moisture levels of some riparian zones regardless of landscape position can reduce fire 
frequency.  
 
Fire severity   

While riparian fires may be infrequent in some riparian landscapes, they can be quite intense when 
they do occur (Agee 1998; Williamson 1999). For example, a riparian zone along the Little French 
Creek in the Payette National Forest, Idaho, experienced a high severity, stand replacement fire, 
while the majority of the adjacent lodgepole pine forest was undamaged by fire (Agee 1998, 
Williamson 1999). Similarly, the 1970 Entiat fires (Wenatchee National Forest, Washington) left 
almost no riparian zone along the Entiat River. Nearby hillslopes showed evidence of historical fires 
that did not kill the ponderosa pine and Douglas-fir; however, historical fires appeared to have created 
even-aged classes of lodgepole pine in the riparian zone. This evidence suggests a stand 
replacement fire occurred only near the stream and not in the adjacent upland (Agee 1994). 
 
One local fire study conducted along Lamb Creek in Tembec’s operating area (Sommerfield and 
Mooney 2004) corroborates the finding of high-severity fire occurrence in riparian areas. The latter 
study indicated that the 2003 Lamb Creek fire burnt across the majority of stream segments that were 
sampled, a pattern that was independent of aspect, slope, or ecological characteristics. This high-
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severity fire completely or partially burnt the vast majority of the riparian zone, with burn patterns 
relatively similar on either side of the stream (Sommerfield and Mooney 2004).  
 
In their review of fires in riparian ecosystems of the Western USA, Dwire and Kauffman (2003, and 
references therein) describe that the frequent fires in semi-arid ecosystems periodically burn into the 
deciduous riparian vegetation. Furthermore, the presence of cottonwood stands along the Oldman 
River in Alberta provides clear evidence of up to four low-intensity surface fire events occurring per 
century. Dwire and Kauffman (2003) point out that generally little is known about the occurrence and 
ecological roles of fire in deciduous riparian ecosystems.   
 
Riparian Vegetation Response to Fire 

Riparian plants are not generally considered fire-dependent, although they often possess adaptation 
to fluvial disturbances such as rapid sprouting, suckering, and or prolific invasion of disturbed sites 
(Kobziar and McBride 2006, Rood et al. 2007). Black cottonwood (Populus trichocarpa) and willow 
species (Salix spp) are known to have prolific root suckering and stem sprouts following disturbance. 
Rood et al. (2007) confirmed fire disturbance promoted the same response for the 12 study sites east 
and west of the Continental Divide in Canada on cottonwood trees of the Tacamahaca section. In the 
same study, Rood et al. (2007) also reported resprouting of facultative riparian shrubs including wild 
rose, choke cherry and buffalo-berry furthest from the river where the burned trees were older and 
sparse and resprouting was limited. Gom and Rood (1999a) found that fires along the Oldman River 
at Lethbridge killed some cottonwood trunks, while others were girdled by the burn and others 
partially burned. During subsequent years narrowleaf (Populus angustifolia) and black cottonwoods 
(Tacamahaca species) resprouted vigorously through shoot and especially root suckering. Fifteen 
years after the burn, these zones were dominated by dense new stands of young narrowleaf and 
black cottonwoods. Additionally, willow, alder, poplar, red-osier dogwood, black twinberry, rose, and 
white spruce are all capable of adventitious root suckering and/or shoot spouting as well as many 
other riparian plants following low to moderate fire intensity events (Timoney et al. 1997, Luke et al. 
2000, Kobziar and McBride 2006).  
 
In summary, analysis of riparian fire regimes is a relatively recent science and generally scarce in the 
literature especially for the Kootenay Boundary region. Future predictions of fire regimes can become 
further complicated when considering potential affects of climate change (Dale et al. 2001). Local 
topographic, climatic and ecological conditions appear to be factors responsible for some of the 
variability in the observed or inferred behaviours of wildfires. Extrapolating fire ecology from upslope 
forests to their riparian components may be inaccurate or even detrimental to sustaining riparian 
communities that evolved within ecosystems where both flood and fire disturbance regimes occur 
(Kobziar and McBride 2006). In contrast to upland forests, the geomorphology and hydrologic 
features of riparian corridors typically result in a greater dominance of shrubs and deciduous trees, 
with moister and cooler microclimates and higher levels of both live and downed fuel moisture content 
(Dwire and Kauffman 2003). Riparian ecosystems are dominated by fluvial disturbance which occur 
regularly compared to fire. Flood events remove downed wood which supplies woody debris and 
other detritus into the stream affecting stream flow, habitat structure, and water quality and in turn 
influencing aquatic organisms (Bragg 2000, Kobziar and McBride 2006). 
 
 
OTHER DISTURBANCE MECHANISMS 
 
Wind 
Wind is an important agent of disturbance in riparian areas because of the importance of blowdown to 
in-stream large woody debris (LWD). Wind throw also has important impacts on the terrestrial 
characteristics of riparian areas by creating habitat and producing canopy gaps. 
 
In the Kootenay Columbia region wind events responsible for toppling trees are generally associated 
with convective storms that occur most commonly during the months of May to September. Wind 
speeds of upwards of 25 ms-1 or more are associated with the most damaging convective winds 
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(Doswell, 1993). In the mountainous Kootenay-Columbia region high winds associated with 
convective storms are usually localized in extent. Exceptions to this do occur with the most recent 
regionally extensive windstorm occurring in June 2007. Forest stand damage associated with the 
June 29 2007 wind event, which recorded winds in excess of 30 ms-1, occurred over an area of 
approximately several hundred square kilometres in south eastern BC. 
(http://environnementcanada.gc.ca) 
 
Currently there are no studies investigating the frequency of destructive wind events in south eastern 
BC. General information regarding the mechanism of convective windstorms suggests that the 
frequency and extend of damage due to wind events in riparian areas will be less in confined valleys 
than in open terrain.  
 
Landslides
Landslides that reach water bodies affect both terrestrial and aquatic areas. In the Kootenay-
Columbia headwater region the majority of natural open slope landslides (not including channelized 
debris flows) occur following intense fire that exposes mineral soil to erosion. Landslides occur most 
commonly during heavy rainfall that occurs within 3 years of a wildfire (D. Scott pers. comm.). There 
are no studies that have investigated the frequency of natural open slope landslides in the Kootenay 
Columbia headwater regions.  
 
Beaver 
Beaver are important agents of riparian disturbance in many Kootenay-Columbia headwater systems. 
Beavers have the greatest influence on channel and riparian structure in small to intermediate 
streams (<15m width) with gradients of less than 8 percent (Naiman et al. 1986). In these smaller 
fluvial systems beaver dam complexes can alter the morphology of the fluvial system from a single 
thread meandering channel to a multi- thread wetland complex (Green and Westbrook 2009).  
Dam burst floods associated with beaver dam failure were reported to have occurred in response to a 
1:8 year return period flood on Sandown Creek in the Central Purcell management region (Green and 
Westbrook 2009). Beaver dam failure results in episodic transport of sediment through low gradient 
stream reaches. In addition, beaver dam failures create complexity in wetland areas by creating new 
channels and scouring channel banks and floodplains.  
 
3.4.2 Spatial Variability in Riparian Ecosystems 

Riparian processes including the transfer of wood, sediment, biota and nutrients between terrestrial 
and aquatic ecosystems vary with changes in channel gradient and channel width.  
 
One of the most obvious changes in riparian processes with increasing stream size is the influence of 
LWD on channel structure. In small, steep channels (<1.5m wide and >20% gradient) high stream 
velocities result in the development of hydraulic steps formed by both coarse bed material (cobbles 
and boulders) and woody debris. Streamside vegetation supply roots and coarse woody debris 
(branches) from mature streamside trees that form small woody debris jams. These structures 
typically last a few years to several decades and, in a cumulative manner, moderate sediment 
transport rates for fine textured sediment (small cobbles, gravel and finer) along the length of the 
headwater channel. Avalanches, debris flows and wind throw are the most common natural 
mechanism of woody debris, nutrient, biota and sediment transfer in these steep headwater channels 
that function as conveyor belts continually transporting organic debris, biota and sediment down to 
the low gradient rivers that occupy the main valleys. 
 
As stream size increases (>1.5 to <15 metres) and channel gradient decreases (~5 to 20%) channel 
discharge increases and only the larger pieces of woody debris (>~30 cm diameter) are large enough 
to form stable in-stream structures for sediment storage. In these small to intermediate stream 
channels LWD is typically recruited to the channels on an episodic basis following disturbance events 
such as large floods or fires and can remain as stable structures in the channels for up to 2 centuries. 
The dynamics between channel structure and riparian vegetation often alternates between channels 
choked with woody debris and an adjacent riparian area of immature coniferous and deciduous trees 
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and channels with less frequent but established LWD jams and riparian area with mature deciduous 
(initially) and coniferous (eventually) vegetation. As stream size increases from 1.5 to 15 metres the 
influence of riparian canopy on moderating stream temperatures is limited to the lowest gradient 
channels (~<5%) that are not naturally shaded by steep valley slopes.  
 
As channel gradient drops below approximately 5% and channel width increases to greater than 15 
metres channel structure and sediment transport is controlled by processes that are dominantly 
alluvial. Stream banks along these largest rivers are protected from erosion by deep-rooted riparian 
vegetation of black cottonwood trees and spruce as well as shrubs like red-osier dogwood, willow and 
alder. The dense, deep roots maintain integrity and structure of stream banks by dissipating the 
energy of flowing water, resisting erosion and reducing the rate of lateral channel migration. Scour 
from flowing water beneath the rooting depth of riparian vegetation creates overhanging channel 
banks that are important fish habitat. Gradual undercutting of channel banks over time results in 
eventual toppling of riparian trees into the stream channel. In these large streams most LWD that 
enters the stream is transported downstream to bends in the channel or other obstructions such as 
mid-channel or lateral sediment bars. LWD collects at these points creating complexity to the channel 
bed and banks. 
 
Floodplain forests occupy the lowest terrestrial position in the landscape and are adapted to frequent 
flood disturbances. Trees and shrubs protect the floodplain during overbank floods from scour. The 
roughness created by roots and stems reduces the velocity of overbank flows and causes sediment 
to be deposited on the floodplain surface resulting in a gradual build-up of floodplains with sediment 
and nutrients carried by floodwaters from upstream areas.  
 
Because black cottonwoods grow quickly and die relatively young, floodplains include many large 
trees, snags, and broken limbs (e.g., from wind). Cottonwoods are important contributors to the 
export of large woody debris that increases the structural complexity and the number of habitats in 
aquatic ecosystems. Cottonwood trees provide shade helping to keep water cool during the summer, 
often a critical factor for fish. Overhanging trees and shrubs drop leaves and twigs into the water and 
this organic matter becomes an important part of the food chain, feeding microorganisms and small 
invertebrates which are in turn consumed by larger creatures. Some riparian trees provide cover and 
pool habitat for fish and other aquatic creatures when they fall into the stream. Cottonwood forests 
also provide crucial habitat for a wide range of terrestrial animal species. Large cottonwood trees 
including snags provide habitat for osprey, bald eagles, owls, woodpeckers, and bluebirds for 
roosting, nesting, or foraging. Cottonwood forests provide key habitat for a number of species which 
are considered to be endangered or sensitive including Lewis’ woodpeckers (Melanerpes lewis), 
reptiles like the rubber boa (Charina bottae), amphibians like the western toad (Bufo boreas) and 
many plant species like Booth’s willow (Salix boothii). 
 
MANAGEMENT IMPLICATIONS  
 
Establishing effective riparian buffers must be based on an understanding of the linkage between 
riparian ecosystem dynamics and fluvial processes. The emphasis on riparian reserves and 
management zones has largely been targeted at protecting fish habitat and maintaining in-stream 
water temperatures, although it was understood that if these values were protected than there was a 
strong likelihood that others values were as well.  
 
Riparian areas function as buffers providing protection to stream banks and floodplains from erosion, 
they provide shade that affects stream and air temperatures and relative humidity, they provide both 
terrestrial and aquatic habitat and through LWD inputs they influence the morphology of stream 
channels and the rate of sediment transfer. Disturbance of riparian areas by fire results in varying 
amounts of trees (depending on fire severity) falling into the stream (Agee 2002) in the years 
following the fire, providing structure and complexity for stream flows and aquatic species.  
 
Over the past several decades fire suppression and subsequent salvage harvesting of riparian areas 
in the K-C headwater region (examples include upper White River, Lussier River, upper Sandown 
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Creek, Matthew Creek) has resulted in many riparian areas where aquatic ecosystems are 
experiencing high rates of sediment transfer due to stream bank erosion but low rates of LWD 
recruitment. Management strategies in this region must recognize the function of fire as it relates to 
riparian processes and aquatic and terrestrial habitat values. Carey (2003) argues that “systems of 
reserves and riparian corridors that do not take into account ecological restoration of managed forests 
and degraded streams may be self-fulfilling prophecies of forest fragmentation and landscape 
dysfunction.” Similarly, Tollefson et al. (2004) suggest that riparian reserves result in concentrated 
timber management in upland forests and spatial segregation between old and young forests.  
 
In the Kootenay-Columbia headwater region where fire suppression to protect transportation corridors 
and development in the larger valleys is necessary forest management intervention through fuel 
reduction, reintroduction of fire, and manipulation of tree species composition and stocking densities 
will be important for the maintenance of riparian biodiversity, integrity, and health along the larger 
river systems. Along small and intermediate stream systems a dynamic approach with variable-width 
reserves and management zones is more likely to lead toward desired riparian conditions than a 
static approach with fixed-width reserves. In low-elevation areas along the major tributaries and 
rivers, riparian restoration treatments are required and should be considered at the Riparian 
Assessment Unit level. Note however that riparian areas are susceptible to disturbances of soils and 
other habitat elements during forestry operations. While thinning treatments, fuel reduction, 
prescribed burning, and silvicultural activities may be appropriate in some areas, these activities 
should be designed such that any existing habitat elements (e.g., large snags, CWD) deemed 
important for the site are retained, especially if these elements provide habitat for sensitive wildlife 
species (Machmer 2001). 
 

3.5 Review of Riparian Management Approaches and Guidelines 
Significant research and effort has gone into the development of riparian management practices currently 
in use in various jurisdictions. Information was reviewed from numerous sources and the ones considered 
relevant to management in the East Kootenays have been summarized here.  
 

3.5.1 British Columbia (Riparian Management Guidebook) 

In British Columbia, management of riparian habitat is currently based on the regulations in the Forest 
Practices Code and/or Forest and Range Practices Act. The Riparian Management Area Guidebook 
(Province of BC 1995b) outlines the details of riparian management as it is currently applied 
throughout BC. Sections 47-53 of FRPA’s Planning and Practices Regulation outline practice 
requirements for riparian areas under FRPA that can be accepted as ‘default’ riparian management 
strategies – although alternative strategies can be proposed. Both FPC and FRPA defaults require 
the establishment of riparian management areas (RMAs), which consist of riparian reserve zones 
(RRZs) that exclude timber harvesting, and riparian management zones (RMZs) that restrict timber 
harvesting in order to protect riparian and aquatic habitats. Six stream riparian classes (S1A/B-S6) 
are defined based on presence of fish, occurrence in a community watershed, and average channel 
width criteria. RMAs (RRZs + RMZs) also apply to wetlands and lakes, and five wetland riparian 
classes (W1-W5) and four lake riparian classes (L1-L4) are recognized (Province of BC 1995b, 
FRPA-FPPR sec 47-53).  
 
Table 3.  Riparian features buffer widths 

Feature 
Type Definition Riparian 

Class 
Riparian 
Reserve  
Zone (m) 

Riparian 
Mgmt  
Zone (m) 

Stream >100m in width 
>20 up to 100m in width 

S1A 
S1B 

0 
50 

100 
20 

Stream 5-20 m in width S2 30 20 
Stream 1.5 – 5 m in width (fish bearing or community 

watershed) 
S3 20 20 
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Feature 
Type Definition Riparian 

Class 
Riparian Riparian 
Reserve  Mgmt  
Zone (m) Zone (m) 

Stream <1.5 m in width (fish bearing or community 
watershed) 

S4 0 30 

Stream > 3 m in width (not fish bearing or not in 
community watershed) 

S5 0 30 

Stream ≤ 3 m in width (not fish bearing or not in 
community watershed) 

S6 0 20 

Wetland > 5 ha. in area W1 10 40 
Wetland 1-5 ha. in area in PP or IDF W2 10 20 
Wetland 1-5 ha. in area not in PP or IDF W3 0 30 
Wetland 0.25-1 ha. in area in PP or IDF W4 0 30 
Wetland 
complex 

2 adjacent wetlands separated by 60 m or less 
and both are <5 ha, or separated by 80 m or less 
if one is <5 ha and the other is >5 ha, or 
separated by 100 m or less if both are >5 ha. 

W5 10 40 

Lake > 5 ha. in area L1 10 varies 
Lake  1–5 ha. in area in PP or IDF L2 10 20 
Lake 1-5 ha. in area not in PP or IDF L3 0 30 
Lake 0.25-1 ha.  L4 0 30 

 
This management approach is based on fixed width linear buffers along stream, applied consistently 
along all stream reaches in an equal manner. FSC’s approach allowing variable width buffers that 
correspond with topography, stand, attributes, and riparian values is likely better able to address long 
term management of riparian values. FRPA allows for this type of approach through approval of an 
alternative (to defaults) strategy in an FSP.  
 
3.5.2 Northwest Forest Plan (USA) 

As part of the US Northwest Forest Plan an Aquatic Conservation Strategy (ACS) was developed to 
restore and maintain the ecological health of watersheds and aquatic ecosystems on public lands 
(http://pnwin.nbii.gov/nwfp/FEMAT/Chapter_5/). The ACS consists of a system of riparian reserves, a 
system of key watersheds, requirements and procedures for conducting watershed analysis, and a 
program of watershed restoration. Here we briefly discuss the main components of the ACS.  
  
Riparian reserves are intended to maintain ecological functions and protect stream and riparian 
habitat and water quality. They are to be applied along permanently flowing streams, lakes and 
wetlands > 1 acre, and intermittent streams where riparian-dependent and stream resources receive 
primary emphasis. Riparian reserves include the body of water, inner gorge, all riparian vegetation, 
100-year floodplain, landslides and landslide prone areas. The ACS uses the concept of tree heights 
and slope distance to provide ecologically appropriate metrics with which to establish riparian reserve 
widths. For example, tree height distance away from the stream is a better indicator of potential wood 
recruitment or degree of shade than is an arbitrary distance. Likewise, slope distance is a more 
meaningful ecological distance than horizontal distance.  
 
Key Watersheds have the function to protect at-risk fish stocks or basins with outstanding water 
quality. Key watersheds are intended to serve as refugia for fish species and include areas of well-
functioning as well as degraded habitat. Well-functional areas are to serve as anchors for the 
potential recovery of depressed fish stocks. Areas of lower quality habitat have a high potential for 
riparian ecosystem restoration. One of the guidelines for key watersheds is that no new roads be 
constructed in currently unroaded areas.  
 
Watershed condition analysis was proposed as a procedure for planning further protection or 
management, including restoration practices within a basin. Watershed condition includes not only 
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the state of the channel and riparian zone, but also the condition of the uplands, distribution and type 
of seral stages of vegetation, land use history, effects of previous natural and land-use related 
disturbances, and distribution and abundance of species and populations throughout the watershed. 
Watershed analysis is a stratum of ecosystem planning applied to watersheds of approximately 3200-
32000 ha (20-200 square miles). This concept is comparable to that of the assessment units used in 
this project for Tembec’s riparian strategy. Restoration efforts may be needed in key watersheds to 
speed ecosystem recovery in areas of degraded habitat and to prevent further degradation.  
 
3.5.3 FSC Rocky Mountain Region Standards (USA) 

Riparian management strategies in the FSC Rocky Mountain Region (Idaho and Montana) focus on 
the establishment of management zones along watercourses that are intended to preserve water 
quality and aquatic values. Forestry activities are not excluded in management zones (i.e. no 
reserves) but are limited to activities that will not degrade water quality or riparian function.  
 
Forest management in the management zones is limited to the following:  
 
Roads are prohibited in SMZs, (streamside management zones) except for permanent roads 
necessary to cross the stream at a perpendicular or other angle that causes the least ecological 
disturbance.  
 

• Operation of wheeled or tracked equipment is prohibited in the SMZ, except on permanent 
roads.  

• Temporary roads or designated skid trails across the SMZ may be permitted in rare instances 
after preparation of a pre-operation plan that protects riparian values.  

• Logging operations retain at least half of the merchantable trees, representative of the pre-
harvest stand, with heavier retention of bank-edge and leaning trees, shrubs, and 
submerchantable trees.  

• Appropriate techniques are used to maintain existing roads and ditches to prevent adverse 
impacts to water quality.  

• Storage, handling, or use of hazardous materials is prohibited in SMZs. 
 
The width of riparian management zones in the Rocky Mountain region is fixed (i.e. fixed width) but 
depends on size of stream, slope gradient, the presence of aquatic values (e.g. fish or water supply), 
as well as the distinction between perennial (flows year round) and ephemeral (carries seasonal flow) 
channels. Management zone widths range from 150 feet (45m) on both sides of the channel in the 
most limiting situation (fish bearing or consumptive water supply) to 0 feet along ephemeral stream 
channels that do not support fish.  
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4.0 Development of Regional Riparian Strategies 

4.1 Management Region Delineation 
The Invermere Timber Supply Area (TSA) was divided into five Riparian Management Regions (RMR’s) 
that have common geology, physiography, and climate, which leads to similar riparian management 
strategies within each region. The regions are the North Purcell, Central Purcell, North Rocky Mountain, 
Kootenay, and Central Rocky Mountain Regions (see Figure 1).  
 
The five riparian management regions of the Invermere TSA are notable in the fact that together they 
constitute the headwaters of the Kootenay and Columbia River systems. In general the Invermere TSA is 
defined by rugged, high elevation mountains and broad U-shaped glacier-carved valleys. The wide Rocky 
Mountain Trench divides the Invermere TSA in half lengthwise and separates the Purcell and Rocky 
Mountain Ranges. Ancient deep marine sediments of the Proterozoic Purcell Supergroup underlie the 
Purcell Range west of the RMT. Shallow continental shelf sediments and carbonate rocks that have been 
folded and thrust faulted define the landscape east of the RMT.  
 
Each of the 5 delineated riparian management regions encompasses areas displaying similar 
physiographic characteristics and processes. These defining physical characteristics are described briefly 
below and summarized in Tables # to #. 
 
The Central Purcell Region is underlain by metasediments of the Purcell Supergroup. Fine textured 
sediments are intruded by a series of coarse textured granodiorite intrusive rocks that underlie the region 
along the western boundary and form high-elevation steep-sided mountain peaks and ridges. During the 
height of the last glacial period valley glaciers descended from the high elevation peaks and filled the 
main valleys. Broad U-shaped valleys mantled by thick glaciofluvial deposits along the lower elevations 
charaterize the Central Purcell Management Unit.  
 
Coarse clastic sediments (greywacke and conglomerates) of the Upper Proterozoic Horsethief Creek 
Group, locally intruded by granodiorite plutons underlie much of the Northern Purcell Region. The 
coarse-grained meta-sediments form resistant, steep sided peaks and ridges. Glaciers flowing eastward 
from alpine cirques carved broad, U-shaped valleys that contain the major tributaries of Toby, Horsethief, 
Forster, Frances and Bugaboo Creeks. Glaciers and cirque lakes are still present at the western 
headwaters of these tributaries.  
 
The Rocky Mountain Trench geographically separates the Purcell Mountains from the Rocky Mountains 
and geologically separates distal sediments of the Purcell Supergroup from continental North American 
sediments (dominated by bedded carbonaceous sediments and limestone) of the Rocky Mountain fold 
and thrust belt.  
 
The Central Rocky Mountain Region is underlain by folded and thrust faulted sequence of Cambrian to 
Devonian layered carbonaceous sediments and massive limestone. The thick sequence of Devonian 
limestone was eroded easily during glaciation resulting in broad U-shaped valleys bordered by steep, 
knife-edged ridges that are underlain by more resistant, layered carbonaceous sediments. Large valley 
glaciers occupied the major northwest-trending valleys resulting in thick accumulations of glaciofluvial and 
glaciolacustrine sediments along the valley sides. Rivers currently occupying these wide glacial valleys 
(e.g. White River, Kootenay River) are characterized by naturally high turbidity levels that impart a silty 
white appearance to the water from re-working the fine-textured glacial sediments that they are flowing 
through.  
 
Strata of the Rocky Mountains plunge southward exposing progressively older strata to the north in the 
Park and Main Ranges of the Kootenay Region. This area is underlain by mainly Cambrian to Ordivician 
dolomite, slate, siltstone and argillite with lesser amounts of limestone. Massive exposures of Devonian 
limestone are limited to the upper elevation ridges along the eastern headwaters of the Palliser, Albert 
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and Simpson Rivers. The Kootenay Region includes some of the highest mountains in the northern 
Rocky Mountain Ranges. Forested land area in this region is limited to the lowest elevations along the 
main valleys. 
 
The North Rocky Mountain (NRM) region encompasses a narrow, northwest-trending ridge of 
mountains constituting the Kootenay Range that is bound on the east by the Kootenay River and on the 
west by the Rocky Mountain Trench. Topographic relief in the Kootenay Range is more subdued than the 
Park and Main Ranges to the east with elevations ranging from 1000 meters along the RMT to 2400 
meters along the upper ridges. Strata underlying the NRM region comprises near-vertical, intensely 
folded and faulted Cambrian to Devonian fine clastic sediments including mudstones, shales and 
siltstones that grade upwards to dolomitic carbonates rocks.  
 
Climate 
The north-eastern flow of moist coastal air masses from northern California to south central B.C. 
dominate weather patterns in the East Kootenay Region. Precipitation falls primarily as snow during the 
late fall to early spring months. Mid-summer convective storms deliver local, intense precipitation 
throughout the Kootenay-Columbia region. The North Purcell and Kootenay Regions have the highest 
annual average precipitation of over 2000 millimeters of precipitation followed by Central Purcell Region 
at over 1800 millimeters of annual precipitation. The Northern and Central Rocky Mountain Regions have 
the lowest annual precipitation at 1400 to 1800 millimeters. The Rocky Mountain Trench is the driest area 
within the Kootenay-Columbia region with annual precipitation of less than 400 millimetres. Glaciers and 
year-round snow fields are present in the alpine areas of the Northern Purcell and the Kootenay 
management regions and to a lesser extent in the Central Purcell management region. These year-round 
snow and ice features define a stream flow regime that is distinct from the typical spring snowmelt regime. 
Annual discharge in glacier and snowfield fed streams often display multiple mid-summer peak 
associated with periodic rapid melting of high elevation ice and snow in response to high temperatures. 
These regions are also characterized by relatively high levels of turbidity associated with melting glacial 
ice. 
 

4.2 Riparian Management Region Characteristics 
The following tables provide detailed descriptions of each Riparian Management Region. 
 
Table 4.  Central Purcell Riparian Management Region Characteristics 

Management 
Region 

Central Purcell 

Physiographic 
Area 

Central Purcell Range 

Major Drainages Doctor, Findlay, Skookumchuck and Dutch Creeks 
Physical 
Description 

Elevation Range: 2600 – 900 m 
BEC: ESSFdk2/dkw, MSdk2/dk1, ICH mk4, IDFdm2/xh, PPdh2 (primarily NDT 3 
and 4). From east to west and low to high: IDFdm2 (dry, mild Kootenay Variant) in 
lowest reaches and transition to trench. Lower to mid elevation slopes west of 
trench are MSdk2 with a small area of MSdk1 in the south west edge of MR. Mid to 
lower elevations of Skookumchuk Creek ICHmk4 occurs between IDFdm2 (main 
valley bottom and ESSFdk and MSdk2 (higher elevations). Mid and upper elevation 
slopes are ESSFdk2 in the east and ESSFdk2 to ESSFdkw in the western portion of 
the MR. Parkland above 2000 and AT above ~2100. 
Terrain and Geology: This MR is underlain by Middle Proterozoic Purcell 
Supergroup argillites, wacke and conglomerates. In the northwestern portion of the 
MU, the highest peaks are formed by granodiorite intrusives. The main valley 
bottoms along all major drainages are mantled by glaciofluvial/lacustrine terraces. 
Valley bottoms towards the trench have very thick glaciolacustrine/fluvial terraces 
which, through ravelling and sloughing, contribute large amounts of sediment to 
lower reaches annually. 
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Annual Runoff: ~>400 mm along eastern (trench) to over 1800 mm at headwaters 
of Findlay Creek and Dutch Creeks. 

Channel types  Steep-sided valleys draining high elevation mountain ranges control the morphology 
of channels in this region. Peak flows are driven by alpine snowmelt and most 4th 
order and smaller tributaries are colluvial with local forced alluvial reaches. Snow 
avalanche/debris flows are common in headwater tributaries. These streams carry 
high discharges during spring snowmelt. Larger S2 streams are meandering or 
anastomosing over wide active floodplains in the central reaches. As the major 
tributaries flow eastward into the RMT they are confined in bedrock canyons with 
little riparian area. These are high gradient, active channels that carry large 
bedloads and high discharges. LWD is important for channel stability in main stems 
of smaller (< 5000ha) watersheds. 

Lakes Whitetail Lake is the only sizable lake in the operable forest area of this 
management unit. A number of small lakes including Centaur Lakes, Spur Lake and 
Sun Lake occur in relic outwash channels on along the western margin of the RMT. 
Several small lakes including Blue Lake and Copper Lakes occur in kettle or 
outwash depressions on the lower elevation slopes of the major tributaries. Many 
small lakes occur in cirques at the headwaters of 1st order channels.  

Wetlands A reconnaissance level orthophoto analysis indicates that wetlands occur in a 
number of locations in this MR including Sandown Creek, upper Lavington, and 
south of Whitetail Lake. Wetlands also occur in glacial outwash channels along the 
western margin of the RMT. 

Sediment 
Regime  

Steep headwater streams (less than 5000 ha) receive sediment from colluvial 
processes including debris flows and snow avalanches. Larger streams typically 
have main stem channels that are bound by glaciofluvial terraces that contribute 
large amounts of sediment annually. 

Disturbance 
Regime 

Most of the landscape is in NDT3 where fires are expected frequently, often of 
stand-replacing or mixed severity. The generally steep topography in the western 
parts of the MR suggests that riparian areas are more fire resilient than upslope 
stands. NDT4 ecosystems in the lower eastern parts of the major drainages exhibit 
high frequency, lower intensity fire regimes, with riparian areas often burning across 
streams. 

Flood Regime Channel forming flood events. In 63 years of gauging 13 large channel forming 
flood events have been recorded in the St Mary River area (1:5yrs); these occurred 
in 1916, 1948, 1955, 1956, 1961, 1967, 1968, 1972, 1974, 1986, 1996, 1997 and 
1999, with the 1916 peak flow being the largest peak flow event in the last 100 
years.  

 
Table 6.  Central Rocky Mountain Riparian Management Region Characteristics 

Management 
Region 

Central Rocky Mountain   

Physiographic 
Area 

Main Ranges of the Rocky Mountains 
 

Major Drainages White River, Lussier River, Kootenay River, and Columbia Lake 
Physical 
Description 

Elevation Range: 2700 – 900m 
BEC/NDT: PPdh2, IDFdm2/xh, MSdk2/dk1, ESSFdk1/dk2/dkw, PPdh2 (NDT3 and 
4) and ICHmk4 (NDT1). The lower elevations of the Lussier and White River 
drainages are in the MSdk2 while the upper elevations are in the ESSFdk2/dkw. 
IDFdm2/xh occurs at the bottom of the main valley with IDFxk starting at Canal Flats 
and following along the edge of Columbia Lake and River with IDFdm2 at higher 
elevation.   
Terrain and Geology: The Lussier/White River are underlain by folded and faulted 
upper Proterozoic sediments and Cambrian to Devonian carbonates. The prominent 
peaks of the main ranges are formed by limestone and dolostones. Thick 
glaciofluvial terraces bound (and confine) the main stem channels of both the White 
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and Lussier Rivers contributing large volumes of sediment to these systems 
annually. Steep headwater tributaries frequently carry debris flows and snow 
avalanches to the main stems. 
Annual Runoff: ~400 mm to less than 1400 mm at height of main ranges. 

Channel types  Channels in the western portion of this region flow over wide glacial meltwater 
valleys. Most channels are lower reaches of very large watersheds (eg. Lussier).  
In the rest of the unit, main streams/rivers occupy wide flood plains and have low 
gradient, meandering to braided cobble riffle morphologies. Riparian species are 
mostly small diameter spruce, balsam and pine, play less significant roll with respect 
to channel structure than other regions. Limestone underlying main valleys is factor 
in site/growing conditions. Tributaries drain from very steep alpine basins and are 
primarily colluvial channels. 

Lakes Premier, Whiteswan and Moose Lakes occur in this management unit. Columbia 
Lake in the Rocky Mountain trench forms the western boundary of this management 
unit. 

Wetlands Wetlands occur along the Kootenay River and portions of the lower reaches of 
Lussier River.  Wetlands are not extensive in the eastern portion of this region but 
occur locally in upper reaches of main stem channels and in some locations along 
margins of channels on valley flat 

Sediment 
Regime  

Channels in the western edge of this region are typically de-coupled from valley 
sides by wide valley flats that limit the opportunity for sediment inputs. Sediment 
delivery is primarily through bank erosion during large flood events.  However, the 
rest of the region contains glaciofluvial terraces in the main valleys which are major 
sources of annual sediment. Lussier and White are turbid year round through lower 
reaches. Debris floods and snow avalanches in steep tributaries are major source of 
sediment in upper reaches. 

Disturbance 
Regime 

The majority of the low-elevation areas in this region lie within the NDT4 where 
frequent stand-maintaining fires used to occur. These fires would have created the 
typical NDT4 stand structure of large-sized, widely-spaced trees. When higher 
severity fires occurred, riparian stands likely burned similar to upland stands.  
The ecosystems in the central and eastern portion of this region are NDT3 where 
fires are expected frequently, often of stand-replacing or mixed severity. Riparian 
areas may be more fire resistant than upslope areas due to steeper topography. 

Flood Regime The flood history of the Upper Kootenay and Lussier Rivers suggests that significant 
channel forming peak discharges, corresponding roughly to 1:10 yr flood events or 
greater, occurred 12 times in the past 64 years. The most recent large flood events 
(approx. 1:10 yr return period floods) occurred in 1996 and 1997. (1:5.5yr) 

 
 
Table 7.  Kootenay Riparian Management Region Characteristics 

Management 
Region 

Kootenay 

Physiographic 
Area 

Park Ranges and Front Ranges - Rocky Mountains  

Major Drainages Albert, Palliser, Cross Rivers 
Physical 
Description 

Elevation Range: 3600 – 1100m 
BEC: MSdk (NDT3), ICHmk4 (NDT1), ESSFdk (NDT3) – The valley bottom and 
lower slopes are MSdk. Most of the slopes are classified as ESSFdk. Parkland 
occurs above 2000 m and AT is identified above ~2200 m. Upper sections of Albert 
River valley bottoms and lower slopes are ICHmk4 as well as upper section of 
Cochran Creek valley bottom and lower slopes. Small sections along the Palliser 
River, ICHmk4 occurs between MSdk and ESSFdk on mid elevation slopes. 
Terrain and Geology: The three main rivers in this MR flow westward to the 
Kootenay River from some of the highest peaks in the Canadian Rocky Mountains. 
Devonian limestones and sediments underlie the highest mountains at the eastern 
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headwaters of the Palliser and Albert Rivers. Progressively older strata of limestone 
interlayered with siltstone and argillite underlie the MR towards the west. Steep V-
shaped valleys mantled by nearly continuous snow avalanche and debris flow paths 
characterize the eastern headwaters of this MR. Valleys become progressively 
wider and lower elevation as they open up towards the Kootenay River valley. 
Annual Runoff: <600 – 2000mm 

Channel types  Central reaches of the Palliser and Albert Rivers and the lower reaches of the Cross 
River are confined in deep bedrock canyons. The central reaches of the Cross and 
Mitchell Rivers and the upper reaches of the Albert and Palliser Rivers have braided 
channel patterns indicative of high sediment yields. Headwater tributaries in the 
eastern portion of this MR drain from very high elevation mountain ranges with 
icefields and perennial snow packs. Peak flows are controlled entirely by snowmelt 
from high elevations and channel morphology is relatively insensitive to influence of 
forest harvest – except for direct impacts to riparian area along lower main stem of 
tributary channels. Past logging has occurred in riparian areas and along the valley 
bottoms throughout this MR 

Lakes Numerous small lakes occur in glacial depressions along the margins of the 
Kootenay River valley and in cirques at the headwaters of most catchments. 

Wetlands Wetlands found along margins of the Kootenay River floodplain  
Sediment 
Regime  

Sediment sources are primarily from debris flows/snow avalanches in headwaters. 
Snow avalanches are a dominant hillslope process in this area. Sediment also 
enters through bank erosion and valley sloughing through central reaches where 
channels are flowing through glacial sediment deposits.  

Disturbance 
Regime 

The ecosystems of this MR are mainly NDT3 where fires ranging in size from small 
spot fires to very large are expected frequently and are typically stand-replacing 
usually containing unburned patches of mature forests missed by fire in fires 
covering large areas. Upper slope riparian areas may be more fire resistant than 
upslope areas due to steep and rugged topography. The riparin areas within the 
ICHmk4 may be more fire resistant because they occur in the NDT1 ecosystem with 
rare stand-initiating events. The NDT3 can have frequent outbreaks of defoliating 
insects and an extensive presence of root diseases caused by Armillaria and 
Phellinus especially in the ICHmk zones. 

Flood Regime A return interval of 1:5 years is estimated for the occurrence of channel forming 
flood events in the Kootenay RM based on 70 years of gauged stream flows on the 
Kootenay River at Kootenay Crossing and 21 years of gauging on the Palliser River. 
The most recent channel-forming flood occurred in 2007. 

 
Table 8.  North Purcell Riparian Management Region Characteristics 

Management 
Region 

North Purcell 
 

Physiographic 
Area 

Northern Purcells 

Major Drainages Toby Creek, Horsethief Creek, Forster Creek, Bugaboo Creek 
Physical 
Description 

Elevation Range: 3400 – 900m 
BEC: ESSFwm, ICHmk4 (NDT1), ESSFdk, MSdk, (NDT3) IDFdm/xk/dk5 (NDT 4). 
The ICHmk4 is a approximately 40 km long narrow stretch between Cugaboo Creek 
south to approximately 5 Km south of Forster Cr. This band is between MSdk and 
IDFdm on the east side and ESSFdk on the west side. The ESSFwm is a small 
area along the top end of Jumbo Creek. The IDFdm/xk/dk5 zones occur at the 
bottom of the main valley from Columbia Lake to the end of the North Purcell 
region. The majority of the region is ESSFdk and MSdk in the NDT3 ecosystem with 
frequent stand-initiating events. 
Terrain and Geology: The northern Purcell region is underlain by sedimentary 
rocks of the middle Proterozoic Purcell Supergroup and clastic rocks of the upper 
Proterozoic Toby Creek and Horsethief Creek Groups that are structurally thickened 
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by north-south trending, west dipping thrust faults. In the eastern portion of the 
region these thrust faults place Cambrian to Devonian carbonates and dolomitic 
rocks over upper Proterozoic clastic sediments. Several granitic intrusions occur in 
the western portion of the MR. The largest is situated at the headwaters of 
Horsethief Creek. Broad U-shaped valleys descend eastward from cirques in 
rugged mountain peaks at the western headwaters of the MR. Glaciofluvial terraces 
that form distinctive hoodoos are present along the lower reaches of Horsethief and 
Toby Creeks where they flow out into the RMT. Glaciers and icefields are present in 
the headwaters of all drainages. 
 
Annual Runoff: ~400 mm in trench to 2200 mm at headwaters of Horsethief Creek 

Channel types  The main drainages of Toby, Horsethief and Bugaboo Creeks occupy wide U-
shaped valleys bounded by steep valley sides with nearly continuous snow 
avalanche and debris flow gullies. Channel morphology ranges from braided to 
meandering along upper and central reaches. Most of the larger streams are 
confined in bedrock canyons in some locations through their central and lower 
reaches. The central reaches of Horsethief and Forster Creeks have wide active 
floodplains with many abandoned channels and wetlands along their margins.  

Lakes Many lakes occur in this MR. Most lakes are situated in cirques at the headwaters 
of streams. A few small lakes also occur along the lower valley sides in the eastern 
portion of the MR.  

Wetlands Wetlands are present along the margins of Horsethief Creek, Forster and Bugaboo 
Creeks. Wetlands also occur in glacial meltwater channels along the western 
margin of the RMT. 

Sediment 
Regime  

Debris from snow avalanches and debris flows off of steep valley sides and 
sediment-laden glacial meltwater are major sediment sources. Lower reaches of 
Toby and Horsethief Creek are confined in eroding bedrock and glaciofluvial 
canyons. 

Disturbance 
Regime 

North Purcel region consists of a multitude of ecosystems representing most NDTs 
(1, 3, & 4). The majority of the area however lies within NDT3 with NDT4 second in 
size and only small parts are within NDT1 NDT4 ecosystems within this region is 
mainly interior Douglas-fir stands with frequent stand-maintaining fires rather than 
frequent stand-initiating events like NDT3. Overall, most of the ecosystems 
experience frequent fires, often of stand-replacing or mixed severity. Riparian areas 
within NDT1 may be more fire resilient than riparian areas within NDT3 and 4 
zones.  

Flood Regime A return interval of 1:5 years is estimated for the occurrence of channel forming 
flood events in this MR based on 56 years of gauged stream flows on the 
Spillimacheen River. 

 
 
Table 9.  Northern Rocky Mountain Management Region Characteristics 

Management 
Region 

Northern Rocky Mountain 

Physiographic 
Area 

Kootenay Range – Rocky Mountains 

Major Drainages Many small streams with catchments of less than 50 km2 drain from both sides of 
the Kootenay Range. Pinnacle/Luxor and Kindersley Creeks are two of the largest 
drainages in this MR. 

Physical 
Description 

Elevation Range: 2700 – 900m 
BEC: ICHmk4 (NDT 1), ESSFdk2, MSdk2 (NDT 3), IDFdm2/dk5/xk (NDT 4). The 
IDF zones occur along the main valley bottom. Stream valley bottoms are mainly 
MSdk2 and ICHmk4 and ESSFdk2 is mainly up slope areas.  
Terrain and Geology: The Kootenay Range is a narrow chain of mountains bound 
on the east by the Kootenay River and on the west by the RMT. Many small, steep 
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catchments drain east and west from this ridge of mountains but the majority of 
these are ephemeral and carry surface flows only during the spring and early 
summer months. Near-vertical, intensely folded and faulted Cambrian to Devonian 
fine textured sediments including mudstones, shales, siltstones and dolomitic 
carbonates rocks underlie the NRM region.  
 
Annual Runoff: ~400 mm in trench to ~1400 mm  

Channel types  Most of the streams flowing westward towards the trench and eastward towards 
Kootenay River are steep, low order channels with alpine headwaters. Many of 
these channels are ephemeral, carrying flows only in the early spring and summer 
months. Snow avalanches and debris flows are common in these steep colluvial 
channels. A number of the larger catchments have perennial streams that flow out 
from the Kootenay range over the wide valleys towards the Kootenay and Columbia 
Rivers. Many of these larger streams terminate in wetland complexes present along 
the margins of the valleys. All of the streams draining the western side of the 
Kootenay Range are high energy, snowmelt dominated fluvial systems that carry 
debris flows and debris floods relatively frequently. Streams draining the east side 
towards Kootenay River are subject to frequent snow avalanches but do not appear 
to carry debris flows or floods as often as west-flowing streams. 

Lakes Many oxbow and kettle lakes on floodplains of both the Kootenay and Columbia 
rivers. 

Wetlands Wetlands are present along the margins of the Kootenay and Columbia Rivers. 
Sediment 
Regime  

Snow avalanches and debris flows in first to 3rd order channels are the primary 
sediment source for many of the smaller streams. Several of the larger streams 
such as Pinnacle Creek are re-working glacial sediments as they flow over thick 
glaciofluvial and lacustrine deposits through their lower reaches along the margins 
of the RMT.  

Disturbance 
Regime 

The North Rocky Mountain region consists of a multitude of ecosystems 
representing most NDTs (1, 3, and 4). The majority of the area lies within NDT 3 
and NDT 4 with a smaller component within NDT 1 ecosystems. The NDT 1 
ecosystems are bound by NDT 3 or by NDT 3 and NDT 4 on both sides. Overall, 
most of the ecosystems experience frequent fires, with frequent stand-initiating and 
stand-maintaining fires of mixed severity. The ICHmk 4 which occur within NDT 1 
ecosystems rarely have stand-initiating events. Riparian areas in the wide valley of 
the Columbia River and associated wetlands may be more fire resilient than the 
upslope areas in the NDT 4 ecosystems. 

Flood Regime A return interval of 1:6 years is estimated for the occurrence of channel forming 
flood events in this region based on 40, 28 and 24 years of gauged stream flows on 
Windermere and Carbonate Creeks and Sinclair Creeks respectively. 

 
 

4.3 Regional Strategies 
Riparian management strategies for each of the delineated Riparian Management Regions in the 
Invermere TSA are provided in the tables below. Included are the major aquatic and terrestrial 
management issues, discussion of ecosystem restoration potential, an expert-based priority ranking 
scheme, and general management guidance. There are limitations with respect to management guidance 
and evaluating the need for restoration treatments. For example, the current state of riparian ecosystems 
in each region is generally not known or is variable within the region.  

The guidance provided in Tables 10 to 15 is general in nature and is based on information provided in 
Tables 4 to 9. Maps illustrating the spatial location of most riparian values can be found in the report 
completed as Phase 1 of this projectD. 
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Table 10.  Central Purcell Management Region Priorities and Guidance 

Management 
Issues 

Priority 
Rank 

Management Guidance 

Channel and 
Bank Stability 

Moderate 
to High 

Small, low order headwater tributaries in this MR are alpine-
sourced, colluvial channels. Bank stability is provided by mature 
coniferous vegetation but only the largest LWD (~>40cm diameter) 
functions in these upland channels to maintain channel stability. 
Lower gradient intermediate-sized streams (>5m – 20 m) are 
entirely dependant on LWD and riparian vegetation (mature 
coniferous and deciduous species) to provide channel and bank 
stability.  

Sediment 
Delivery 

Low This MR has relatively high natural rates of sediment delivery to 
main stem channels from steep, alpine sourced tributaries and 
extensive glaciofluvial terrace scarps 

Stream 
Temperature 

Low Alpine sourced tributaries and steep confined valleys make this 
management region relatively insensitive to forestry related impact 
to stream temperature. Exceptions occur along the lower 
elevations in the Lower Findlay RAU, where shade is important 
along south and western facing stream and wetland/lakesides to 
maintain stream temperature and the riparian microclimate. 

Aquatic Values  
Beaver 

Moderate Beaver created wetlands are directly associated with aquatic 
habitat in many of the Central Purcell Region streams including 
Skookumchuk Creek. Removal of Beaver from Sandown Creek 
has resulted in loss of wetlands from this system. 

Aquatic Values - 
Fish 

High Bull Trout spawning and/or rearing (Findlay, Dutch Creek and 
Skookumchuk Creeks): avoid forestry-caused sedimentation in 
addition to high natural rates. 
Westslope Cutthroat, all life stages (Findlay, Sandown, 
Skookumchuk, Dutch):  
Burbot spawn at mouth of Dutch Creek and channel at southwest 
corner of Columbia Lake. 

Terrestrial 
Values – Late 
successional 
forests (LSFs) 

High In fire-maintained ecosystems (NDT4 and NDT3 steep south 
aspect) retain or restore late-successional stand structure (i.e., 
large, widely-spaced trees). In true NDT3 ecosystems, retain LSFs 
where their abundance has significantly been decreased. The 
upper Skookumchuk / Buhl, Findlay / Doctor, and Dutch Creeks 
are important for grizzly bears. Mountain caribou may occur in 
riparian areas in Buhl Creek. 

Terrestrial 
Values - 
Hardwoods 

High Major existing hardwood values that should be retained are along 
the lower Skookumchuk, Findlay and Dutch Creeks.  Also at Reed 
Lakes 

Terrestrial 
Values - Wildlife 

High Lewis’s Woodpecker: observe WHA provisions and SFMP and 
FSP guidelines. Maintain and recruit aspen and ponderosa pine 
wildlife trees for nesting habitat. 
Grizzly Bear: maintain existing forage patches with adjacent tree 
cover in RMZs. 
Moose: maintain mix of tree cover and forage sites in RMZs. 
Olive-sided Flycatcher: Maintain perches (usually in snags or 
dead-top trees) near wetlands throughout mid-elevations. 

Need for 
Riparian 
Ecosystem 
Restoration 

Low - 
Moderate 

NDT4 areas in Lower Findlay RAU should be examined for 
restoration opportunities. Riparian areas in the mid-sections of 
Findlay Creek have been heavily impacted by historical placer 
mining). Remoteness and steep slopes have limited the access 
into higher reaches of most of this MR in the past. 
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Table 11.  Kootenay Management Region Priorities and Guidance 

Management Issues Priority 
Rank 

Management Guidance 

Channel and Bank 
Stability 

Moderate  Small, low order headwater tributaries in this MR are alpine-
sourced, colluvial channels that experience frequent snow 
avalanches and debris flows. In headwater reaches the root 
networks of deciduous shrubs provides some protection to channel 
banks. Riparian vegetation also provides a supply of biota including 
leaf litter and invertebrates to downstream reaches. Upper reaches 
of the main stem channels are wide braided channels with 
deciduous shrubs as the main riparian vegetation. Intermediate 
reaches (>5m – 20 m) are, in places, dependant on riparian 
vegetation to provide channel and bank stability and a source of 
WD.  

Sediment Delivery Moderate This MR has relatively high natural rates of sediment delivery to 
main stem channels from steep, alpine sourced tributaries and fine 
textured glacial sediment terraces that occur along lower reaches.  

Stream Temperature Low Alpine sourced tributaries and steep confined valleys make this 
management region relatively insensitive to forestry related impact 
to stream temperature. 

Aquatic Values - 
Beaver 

Low Beaver-created wetlands may be present along the eastern margin 
of the Kootenay River valley near the confluence of Albert River. 
Further field analysis is required to verify this ranking. 

Aquatic Values - Fish High Bull Trout, spawning (Palliser River, Albert River, Simpson River, 
Beaverfoot River): avoid stream sedimentation 
Westslope Cutthroat, spawning (Palliser River, Albert River, Cross 
River, Mitchell River and Simpson River) avoid stream 
sedimentation, retain overhanging vegetation, and ensure LWD 
input. 

Terrestrial Values – 
Late-successional 
forests (LSFs) 

High Retain LSFs in drainages where past resource developments and/or 
wildfire have significantly decreased their abundance.  

Terrestrial Values - 
Hardwoods 

High Small patches of hardwoods associated with snow avalanche 
disturbance areas are present along the lower valley slopes of all 
the major drainages in this MR: Retain all hardwood stands. 
Concentrations of hardwoods are in Kootenay National Park in 
Mitchell and Kootenay Rivers. 

Terrestrial Values - 
Wildlife 

Low Grizzly Bear: maintain existing forage patches with adjacent tree 
cover in RMZs. 
Moose: maintain mix of tree cover and forage sites in RMZs. 
Olive-sided Flycatcher: Maintain perches (usually in snags or dead-
top trees) near wetlands throughout mid-elevations. 

Need for Riparian 
Ecosystem 
Restoration 

Moderate Past logging has impacted riparian ecosystems along most of the 
main stem channels and several of the larger tributary channels. 
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Table 12.  North Rocky Mountain Management Region Priorities and Guidance 

Management Issues Priority 
Rank 

Management Guidance 

Channel and Bank 
Stability 

Moderate  Very few alluvial stream channels are present in this MR. Most 
streams are small, ephemeral, colluvial channels that experience 
frequent debris flows and snow avalanches originating in steep 
alpine headwaters. In headwater reaches riparian vegetation 
consists primarily of deciduous shrubs. Larger conifers (mostly 
spruce) occur along middle and lower reaches. In all cases root 
networks of riparian vegetation provide stability to banks and 
adjacent areas. LWD will be important for maintaining channel 
structure and moderating sediment transport rates along reaches 
with gradients of less than 10%. 

Sediment Delivery Low High volumes of sediment, derived from actively eroding 
headwater slopes are transported annually by many channels in 
this MR.  

Stream Temperature Moderate to 
High 

Many small streams only carry surface flows during the spring 
snowmelt period. Larger streams such as Pinnacle Creek that flow 
year round are likely very sensitive to temperature increases 
associated with loss of riparian vegetation because of low flow 
volumes that occur in mid to late summer months.  

Aquatic Values - 
Beaver 

High Beaver created wetlands occur along the margins of both the 
Columbia and Kootenay River valleys in this Region. 

Aquatic Values - Fish Moderate Bull Trout (Upper Kootenay River) 
Kokanee spawning Fans of several of the larger tributaries to 
Columbia River 
Westslope Cutthroat, all life stages (upper Kootenay River and 
larger tributaries): avoid stream sedimentation, retain overhanging 
vegetation, and ensure LWD input. 

Terrestrial Values – 
Late-successional 
forests (LSFs) 

High In fire-maintained ecosystems (NDT4 and NDT3 steep south 
aspect) retain or restore late-successional stand structure (i.e., 
large, widely-spaced trees). In true NDT3 ecosystems, retain 
LSFs where their abundance has significantly been decreased. 
Mary-Anne Creek has important ICH-associated LSF values. 

Terrestrial Values - 
Hardwoods 

High Existing riparian hardwood values should be retained along the 
lower west-facing slopes of the RMT. 

Terrestrial Values - 
Wildlife 

Moderate Great Blue Heron: several colonies along Columbia River 
wetlands, many recently inactive (Wilmer; Brisco; Parson) and at 
Dutch Creek. Monitor colony status and protect colony sites and 
surrounding foraging habitat.  
Grizzly Bear: maintain existing forage patches with adjacent tree 
cover in RMZs. 
Moose: maintain mix of tree cover and forage sites in RMZs. 
Winter range important in Columbia Lakes area. 
Olive-sided Flycatcher: Maintain perches (usually in snags or 
dead-top trees) near wetlands throughout mid-elevations. 

Need for Riparian 
Ecosystem 
Restoration 

Moderate The main valley floor and lower tributaries have experienced long-
term logging and other resources developments. Fire suppression 
has significantly altered stand structure in the RMT.  
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Table 13.  Central Rocky Mountain Management Region Management Priorities and Guidance 

Management Issues Priority 
Rank 

Management Guidance 

Channel and Bank 
Stability 

Moderate Headwater channels are dominated by colluvial processes (snow 
avalanche and debris flows). Low gradient mainstem channels are 
dominated by alluvial processes but are confined in canyons with 
sides composed of thick accumulations of fine textured sediments 
that are continually ravelling and providing a constant source of 
sediment to main stem channels. Riparian vegetation contributes to 
bank stability and creating aquatic habitat along channel margins 
along most of the main stem channels although fires and poor site 
conditions have generally limited the influence of riparian vegetation 
on channel condition in this MR.  

Sediment Delivery Low Actively eroding terrace scarps bound all of the main river systems in 
this MR. 

Stream Temperature Low Alpine sourced tributaries and steep confined valleys make this 
management region relatively insensitive to forestry related impact to 
stream temperature.  

Aquatic Values - 
Beaver 

Moderate Beaver created wetlands occur marginal to many streams in this 
region including Upper Lussier, White River, Fenwick, and most of 
the tributaries to these systems. 

Aquatic Values - Fish High Bull Trout, spawning (White & Lussier5 Rivers, Blackfoot17 & 
Thunder Creeks):  
Westslope Cutthroat, all life stages (White River & tribs; Lussier 
River): retain overhanging vegetation, and ensure LWD input. 

Terrestrial Values – 
Late-successional 
forests (LSFs) 

High Historic resource developments and wildfire have significantly 
decreased LSF abundance throughout this MR, including riparian 
areas. Where LSFs are encountered in riparian areas, these should 
be retained. 

Terrestrial Values - 
Hardwoods 

High Existing riparian hardwood values that should be retained are along 
the Lussier River and White River just north of Whiteswan Lake. 

Terrestrial Values - 
Wildlife 

Low Grizzly Bear: maintain existing forage patches with adjacent tree 
cover in RMZs  
Moose: maintain mix of tree cover and forage sites in RMZs. 
Olive-sided Flycatcher: Maintain perches (usually in snags or dead-
top trees) near wetlands throughout mid-elevations. 

Integrity of Riparian 
Ecosystem Function 
(Need for Restoration) 

Low The riparian ecosystems of larger systems in this MR have 
historically been limited by natural fire regime and relatively poor site 
conditions. Salvage logging operations have degraded riparian areas 
in many locations; these should be targets for restoration activities. 

 
 
Table 14.  North Purcell Management Region Management Priorities and Guidance 

Management Issues Priority 
Rank 

Management Guidance 

Channel and Bank 
Stability 

Moderate Channels of the Northern Purcell MR are dependent on the 
presence of riparian vegetation to maintain channel stability through 
central alluvial reaches where they are unconfined and meander 
over a floodplain. In these reaches riparian vegetation is very 
important for channel bank stability, floodplain protection and 
providing aquatic habitat. 

                                                      
5 Chirico, A. 2005. High Conservation Value (HCV) Fisheries Watersheds in the Rocky Mountain and Kootenay Lake Forest 
Districts. MSRM, Nelson, BC. 

September 28, 2009       35  



    

Sediment Delivery Low to 
Moderate 

Sediment delivery rates vary from very high in headwater reaches 
where channels are fed by numerous debris flow and snow 
avalanche paths to moderate or low in central reaches where valley 
bottoms widen and channels meander over wide floodplains to high 
again in lower reaches as channels flow through canyons enclosed 
by ravelling bedrock and glaciofluvial scarps. Some reaches with 
naturally low sediment delivery rates could be sensitive to increased 
sedimentation associated with forest development.  

Stream Temperature Low Alpine sourced tributaries and steep confined valleys make this 
management region relatively insensitive to forestry related impact to 
stream temperature. Exceptions to this will exist for side channels on 
wide floodplains of the largest streams including Horsethief, Forster 
and Toby Creeks.  

Aquatic Values - 
Beaver 

High The loss of beaver from many of the larger streams over the past 
century has resulted in a reduction of the area of wetlands in this 
Region. 

Aquatic Values - Fish Low Westslope Cutthrout Trout (Dunbar Creek, Horsethief Creek, Toby 
Creek). Use RRZs and/or RMZs to prevent sediment input and 
maintain shade. 
Bull Trout (Horsethief Creek, Toby Creek) 
High value Kokanee Spawning habitat has been identified in Forster, 
Horsethief and Toby Creeks (Chirico, 2005) 

Terrestrial Values – 
Late-successional 
forests (LSFs) 

High Historic resource developments have limited LSFs throughout much 
of this MR. Significant stands remain in Bugaboo Ck, upper Forster 
and Frances Creeks.  Oldest age-classes should be recruited and 
retained.  

Terrestrial Values - 
Hardwoods 

High Hardwood stands associated with snow avalanche and debris flow 
disturbance areas are present in patches along the main valleys and 
lower side slopes of Toby, Horsethief and Forster Creeks. Andreen 
Creek has notable hardwood stands. Numerous hardwood stands in 
lower benches throughout Lower Toby and Columbia Lakes RAUs. 
Hardwoods, associated with fire disturbance are present in larger 
patches along the east-facing lower slopes on the western margin of 
the RMT. 

Terrestrial Values - 
Wildlife 

High Grizzly Bear: maintain existing important riparian foraging patches 
(those with skunk cabbage, horsetail, sedges) with adjacent security 
cover in RRZs.  
Moose: maintain mix of tree cover (old spruce) and forage sites 
(willow, dogwood) in RRZs and RMZs. Provide security cover for 
sites near roads. 
Olive-sided Flycatcher: Maintain perches (usually in snags or dead-
top trees) near wetlands throughout mid-elevations. 
Great Blue Heron: several colonies along Columbia River wetlands, 
many recently inactive (Wilmer; Brisco; Parson) and at Dutch Creek. 
Monitor colony status and protect colony sites and surrounding 
foraging habitat.  
Broad-winged Hawk: watch for species, especially in northern part of 
region. Nests have been found in adjacent areas (TFL-14 and near 
Golden). Maintain older deciduous component (especially aspen) 
where they occur. 

Need for Riparian 
Ecosystem 
Restoration 

High NDT4 areas in Lower Toby and Columbia Lakes RAUs should be 
examined for restoration opportunities. Recruitment of old and 
mature forest stands should be prioritized. 
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5.0 Riparian Management Guidance  

The riparian strategy outlined in this section is consistent with FSC’s variable width buffer approach to 
Riparian Management. There is flexibility to place retention where it is logical, mimics natural disturbance 
processes, and best protects riparian values within Riparian Assessment Units, as long as retention 
budget targets are met. This set of general strategies and priorities are intended to guide planners when 
implementing retention within Riparian Assessment Units. 

5.1 Forest management in riparian ecosystems 

Forest management activities in riparian areas have the potential to impact several different physical 
processes of riparian ecosystems including channel stability, sediment transfer, transfer of biota, stream 
temperature and terrestrial microclimates. 

Channel stability  
Root networks and woody debris from riparian vegetation provides resiliency to channel banks that 
reduces erosion and undercutting of channel banks and limits the rate of lateral channel migration. Large 
woody debris consisting mainly of mature conifers and hardwoods recruited from the riparian stand is 
incorporated into the channel bed forming hydraulic steps that provide sediment storage sites and 
moderate sediment transport rates through the stream network. 

Forest harvesting in riparian areas can have the greatest impact on channel stability in small to 
intermediate streams (<15m wide) where large woody debris (LWD) recruited from riparian stands span 
the width of the channel, perpendicular to flow, creating steps in the channel profile that reduce the 
velocity of stream flow allowing sediment to settle out and remain in storage behind single pieces of LWD 
or LWD jams consisting of several large pieces locked together (Bilby and Ward 1989, Richardson et al. 
2005).  

In these smaller channels changes in LWD dynamics associated with harvesting results in a deficit of in-
stream LWD can result in long-term erosion of the channel bed, higher rates of bed material transport and 
a reduction in aquatic habitat (Naiman et al. 2002, Fausch and Northcote 1992).  

In larger stream channels (>15 m wide) recruited LWD is typically mobilized downstream during flood 
events where it accumulates at bends in the channel or on lateral and mid-channel sediment bars. LWD 
that accumulates along meanders in larger channels also provides bank protection through resistance to 
increased flow velocity that occurs in these areas. LWD that accumulates in channels and on lateral and 
mid-channel bars has been shown to significantly increase habitat complexity by creating scour pools, 
increasing sinuosity and providing overhead cover (Fausch and Northcote 1992). Furthermore, reaches 
with larger volumes of LWD have been shown to support a significantly higher biomass of fish than 
reaches lacking LWD input (Fausch and Northcote 1992). The quantity of large woody debris and rate of 
input has been shown to be adversely affected by riparian harvesting (Murphy and Koski 1989).  

In smaller headwater and larger main stem streams harvesting of riparian stands results in a loss of the 
root networks of riparian vegetation that protect channel banks from undercutting and erosion during 
bank-full flood events. The loss of root strength from channel banks results in an increased rate of lateral 
channel migration.  

Sediment transfer (Water quality)  
The roughness created by roots, stems and woody debris of riparian vegetation also reduces the velocity 
of over bank flows as they flow across adjacent floodplains and valley flats. By reducing stream flow 
velocity water is less able to erode these areas which reduces the of sediment transfer from forest areas 
to stream networks. 

In steep headwater systems the high density of root networks of deciduous shrubs are very effective at 
protecting channel banks and valley flats from scour during debris floods and snow avalanches. 
Deciduous shrubs are also quick to re-establish after a disturbance event. In addition the roughness 
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created by riparian vegetation in headwater streams can act as a buffer to reduce the rate of transfer of 
sediment from adjacent hillsides to stream channels.  

In large river systems, wide wooded floodplains are effective for trapping and storing sediment derived 
from up stream in the river basin during over-bank flood events (Wolman and Leopold 1957, Nanson and 
Beach 1977, Brinson 1990, Lowrance et al. 1988) 

Reduction in riparian vegetation on floodplains and valley flats associated with riparian harvesting can 
increase the rate of sediment transfer to stream channels by reducing the density of root networks which 
reduces the roughness of the forest floor. Riparian harvesting can also cause disturbance to the forest 
floor exposing mineral soil that is then available for erosion and transport during over bank floods. 

Increased erosion of stream banks (as root systems from mature trees are lost) and increased sediment 
transport from overland flows can result in increases in fine sediment accumulation on the stream bed. 
Increased sedimentation has been shown to significantly reduce intergravel flows (Moring 1982), which in 
turn can substantially impact fish either directly through reduced spawning success (Kondolf 2000) and/or 
indirectly through change in invertebrate density. The effective width of buffer zones at reducing sediment 
input has been shown to be dependant on the gradient of riparian zones (O’Laughlin and Belt 1995). 

Transfer of biota 
Riparian vegetation adjacent to and overhanging water bodies provides habitat for invertebrates and 
facilitates the transfer of organic debris including leaf litter, small woody debris and invertebrates from 
terrestrial to aquatic ecosystems.  

Headwater streams are a critical food source for the entire river system (Richardson 2000). Because they 
are well connected to the surrounding landscape through steep gradient slopes, headwater streams 
deliver nutrients and organic material, such as aquatic and terrestrial invertebrates, woody debris and 
riparian leaf litter, to downstream regions fuelling river food webs for birds, wildlife, and amphibians. 

Smaller pieces of terrestrially derived organic matter (i.e. allochthonous primary production) are also 
important for creating productive fish habitat. Riparian vegetation provides a substantial amount of 
material utilized by stream invertebrates for food (i.e. detritivors) and structure, and is utilized in 
conjunction with algal species (autochthonous primary production). Carbon isotope analysis has indicated 
that allochthonous carbon forms a substantial portion of food consumed by aquatic invertebrates 
(McCutchan and Lewis 2002). Supporting this, Winterbourn et al. (1989) found the carbon isotope 
signature of invertebrates within forested stream sites to resemble terrestrial (allochthonous) sources 
more than the benthic algae. Small pieces of terrestrial litter are also used by certain caddis fly families 
(e.g. Brachycentridae, Limnephilidae etc.) to form their protective cases (Clifford 1991).  

The removal of mature coniferous and deciduous trees along headwater streams can result in the 
decrease or loss of: nutrients, leaf litter, periphyton biomass, insect and invertebrate abundance, all of 
which can affect the health of the headwater and the downstream habitats (Richardson 2000, Olson and 
Rugger 2007, and Dodds and Oakes 2008). 

Stream temperature 
Stream temperature is the result of a combination of different influences including transfer of energy 
within the water column and across the water surface, the volume and velocity of the stream flow and the 
influence of hyporheic exchange of ground and surface water through the stream bed and banks (Moore 
et al. 2005) 

Due to the latitude of the Kootenay-Columbia headwater region, the function of the riparian canopy in 
shading and reducing the influence of solar energy on stream temperature is most significant in small and 
intermediate streams less than approximately 10 m in width draining moderate to gentle gradient terrain 
(Teti 2005). In low gradient, slow flowing small streams, the shade provided by riparian canopy reduces 
exposure of the surface of the stream to direct solar radiation.  

Radiation absorbed by the stream surface includes incoming solar radiation (direct and diffuse through 
forest canopy) and longwave radiation emitted by the atmosphere, forest canopy, and surrounding 
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hillsides. Canopy cover on the south, west and east sides of a channel will reduce the direct component 
of solar radiation, some of which will be scattered and transmitted through the canopy as diffuse radiation. 

As stream width increases beyond 10 meters riparian vegetation is no longer tall enough to shade the 
majority of the stream surface. In steep sided valleys typical of the Kootenay-Columbia headwater region 
the water surface is more often shaded by the valley sides than the riparian stand. In addition highly 
turbulent, fast-flowing, alpine-sourced headwater streams are also relatively insensitive to the influence of 
solar radiation on stream temperature (Moore et al., 2005). 

Currently there are no studies that investigate the influence of riparian harvesting on stream temperature 
in interior, snowmelt dominated mountain environments. Studies in the rain dominated Oregon Coast 
range documented temperature increases of 2o Celsius in a small mountain stream with 30 meter buffers 
and 7o (+/-4) Celsius in a mountain stream with no riparian buffer. A similar study in the BC coast range 
documented increases of 5o Celsius in a small mountain stream with no riparian buffer (Moore et al., 
2005). 

Terrestrial microclimate 
Compared to hillslopes, riparian areas are generally cooler as a result of advective air flow in down 
stream gullies and have increased relative humidity due to the presence of open water. Riparian canopy 
density often differs from hillside canopy density as a result of the increased soil moisture that supports 
increased diversity of vegetation. Increased canopy density in riparian areas reduces solar radiation, 
precipitation, and wind speed near ground level and increases longwave radiation received at the surface. 
These changes in turn influence the thermal and moisture environments under riparian forest canopies 
(Moore et al., 2005)  

Local terrestrial microclimates in riparian areas associated with increased shading, decreased air 
temperature and increased relative humidity influences insects, amphibians and vegetation diversity 
(Ledwith 1996, Hagan et al. 2006, Kiffney et al. 2003, Anderson 2007.  

Biological diversity of certain groups, such as amphibians, can be greater in headwater regions than 
anywhere else within a drainage basin (Olson and Rugger 2007, Richardson 2000). Species associated 
with headwater environments, especially invertebrates, are poorly known. Some of these species occur 
nowhere else which only increases the importance of the non fish-bearing small headwater streams 
(Richardson 2000).  

The riparian zones used by amphibians do not extend far upslope. Most of the amphibians captured in 
the Olson and Rugger (2007) study on headwater riparian reserves were captured within 2 m of the 
wetted channels. Studies indicate that near-stream microclimates in headwater systems support a narrow 
zone of relatively stable cool, moist conditions needed for amphibian populations. 

 

Development of Riparian Management Strategies 
The strategies presented here are all premised on the concept that riparian ecosystems are best 
managed through the delineation of Riparian Management Areas (RMAs) consisting of Riparian Reserve 
Zones (RRZs), Riparian Management Zones (RMZs), or both. In general, RRZs are intended to exclude 
all forestry operations except road crossings, while RMZs limit the extent of forestry operations. RRZ’s are 
primarily required over the active floodplain or valley flat along the margins of larger stream channels (S1 
and S2) where channel migration over time is likely to result in the channel eventually moving across the 
reserve zone. RMZ’s are required along the outer edges of RRZ’s along S1 and S2 streams and along 
most S3 to S6 streams. Retention levels in RMZ’s will vary for the different Riparian Management Units 
depending on level of riparian function observed during the reconnaissance field investigation. Retained 
stems in RMZ’s are to be distributed as uniformly as possible along the length and width of the buffer. 
Where a uniform distribution of stems is not possible along at least 70% of the stream length in the area 
proposed for development then a site assessment should be undertaken to determine an appropriate 
management strategy. 
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The widths of RRZ and RMZ are not specified in this strategy, however, the primary objective of the RMA 
is to preserve channel – riparian interactions. The most important physical consideration for determining 
the width of the RRZ is the rate and potential extent of lateral migration of the channel over time 
(O’Connor and Watson 1998, Rapp and Abbe 2003, Martin et al. 2006). Recognizing the extent of the 
channel migration zone (CMZ) is the most important consideration in the delineation of variable width RZ 
for forest management. Undersized RMA’s can result in changes to channel – riparian dynamics that last 
for centuries (Martin et al. 2006).  
Historically, riparian management strategies have tended to classify non-fish-bearing streams and 
headwater streams as lower value than fish-bearing streams. However, headwater streams and small non 
fish-bearing streams provide valuable habitat and are connected to the productivity of the habitat, water 
quality and fisheries downstream (Dodds and Oakes 2008). The importance of headwater streams and 
their riparian zones is due to their sheer numbers, as these small streams often comprise the majority of 
stream kilometres within a drainage network (Leopold et al. 1964). The majority of mountain rivers begin 
with a network of small upstream tributaries as well as seeps, wet meadows, and fens, (reference to 
headwater streams include these wetlands features if they occur). Additionally, headwater streams can 
be intermittent or perennial with intermittent streams adding the same value as perennial streams.  

RMZ should provide riparian vegetation of sufficient width to protect the energy input used to fuel river 
food webs via organic matter at the headwaters and downstream habitat, even in non-fish bearing 
streams that are eventually connected to fish-bearing streams. In their review of forest harvesting effects 
on riparian buffers Moore et al. (2005) found that several studies from the Pacific Northwest reported few 
differences in riparian microclimates relative to unharvested stands when riparian buffers of 1 tree height 
in width was maintained along both sides of the channel. The exception to this was where the outer edge 
of the buffer strip had a southern exposure. Anderson et al. (2007), during a study in western Oregon, 
found that RRZ widths of 10 m protected headwater streams from significant increases in air temperature 
and reduction of relative humidity. Although thinned stands are warmer and drier, upslope thinning had 
little detectable effect on stream-center microclimate when a riparian buffer was left. Buffer widths defined 
by the transition from riparian to upland vegetation of significant topographic slope breaks appeared 
sufficient to mitigate the impacts of upslope thinning on the microclimate above the stream. There was no 
apparent increase in mitigation associated with wider buffers (Anderson et al. 2007). Hagan et al. (2006) 
found that species richness of herbaceous species was greatest in the 0-5 m zone adjacent to the stream 
bank compared to other zones on small headwater streams. It is this zone that needs protection as it 
contributes to the species richness and the energy input to the stream food web utilized in the headwaters 
and downstream.  
However, there is conflicting information about minimum buffer width and headwater protection. 
Richardson (2003) found that, for coastal headwater streams in BC, narrow buffer strips of 30 m showed 
a fourfold increase in algal biomass relative to controls, and even higher amounts of algae with 10 m 
buffers or clearcut. This impacted stream food webs and shifted the bethnic community to more generalist 
species. However, this result is likely not directly related to high-gradient headwater streams in the East 
Kootenay.  
Rykken et al. (2007) found steamside microclimates did not differ between intact forest and clearcuts with 
riparian buffers. Their data supports the findings of other studies on relative humidity and temperature 
microclimates that narrow riparian buffers preserve the strong stream effect of cool, moist microclimates 
radiating upslope (temperature gradient), and these zones are well retained with narrow buffers along 
small headwater streams adjacent to clearcuts (Olson and Rugger 2007). Richardson (2003) found 
similar results when 30 m buffers were compared to control sites and clearcuts for coastal BC but 
amphibians only utilized a narrow 10 m band next to the stream. Amphibians also use the narrow bands 
as transportation corridors so it is important not to fragment their habitat with clearcuts up to the stream 
where no natural barriers to their movement occurs (Olson and Rugger 2007 and Richardson 2003). 
When amphibians were used to define riparian zones of headwater streams that were not easily defined 
by vegetation, riparian zones were relatively narrow between 7 to 9 metres (Perkins and Hunter 2006)  
The width of RMZ buffers will depend on the objectives specified in the management strategies. It is left 
up to the prescribing forester to identify the appropriate width to achieve the specified objectives of the 
buffer. For example, specific objectives may include maintaining a wind firm buffer, designating a RMZ to 
limit sediment delivery to the stream channel or to provide shade or in specific cases to maintain 
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amphibian habitat. Widths are not specified because the width of the RMZ will vary depending on the 
gradient, orientation and location of slopes. In the absence of any site-specific guidance, the width of the 
RMA will default to the 7 meter FSC minimum width. From an ecological impact standpoint, partial harvest 
within buffers (RMZ buffers), if carefully executed, has shown to have relatively little effect on potential 
short-term impacts such as stream temperature, however, long-term effects such as the potential 
reduction of large organic inputs have not been evaluated (Lee et al. 2004). 
Generally, trees retained in the RMZ should provide long-term bank protection and an ongoing source of 
LWD to the stream channel. In some locations retained trees are also intended to provide shade and 
relative humidity to the stream channels and immediate area close to the channels. Where riparian 
vegetation consists of lodgepole pine leading stands that are currently or are potentially infested with 
mountain pine beetle (MPB), the infested and dead standing stems count towards the percentage of 
retained stems. In mixed species stands the retained trees should reflect the original species mix. In 
many RMUs in the Rocky Mountain and Purcell Regions early seral lodgepole pine leading stands occur 
on the floodplains along larger S1 and S2 channels. Although these floodplain areas are mostly (by 
default) designated as RRZs the development forester may consider establishing a RMZ instead of a 
RRZ if forest management objectives do not present an increased risk of channel destabilization or 
negative impacts to terrestrial or aquatic values and if the objectives of the prescribed treatment will 
enhance species diversity and a more rapid return to late seral stand structure.  
Forestry is only one type of resource development that has the potential to impact riparian ecosystems. 
Cumulative impacts related to the introduction and spread of invasive weeds, cattle grazing, agriculture, 
mining, coal bed gas, recreation, and hydro-electric power installations among others, should be 
considered when implementing retention strategies at the level of Riparian Assessment Units. RAUs with 
relatively high levels of cumulative effects may require additional riparian function to maintain channel 
resilience.  

 

5.2 Riparian Reserve Zones 
Riparian Reserve Zones should be considered in the following locations: 

• Aquatic-terrestrial interface of alluvial streams (i.e. active floodplains along intermediate to large 
streams and rivers), and lakes and wetlands;  

• Riparian habitats of species-at-risk or species of interest, including important foraging areas for 
grizzly bear; 

• Streams or streams segments with high value fisheries habitat and/or consumptive-use water 
intakes;  

• Hygric, subhygric, and rare ecosystem types as identified in Table 21 below;  
• Mature and old cottonwood stands along streams, and hardwood stands along lakes and 

wetlands; 
• Mature and old growth coniferous and mixed-wood stands along lakes, rivers, streams, and 

wetlands, especially in watersheds where these type of riparian stands are rare due to previous 
wildfire¸ timber harvesting, or development; 

• Areas with important wildlife features, such as high-use trails along the watercourse, wallows, 
licks, dens, and raptor nests 

• Areas supporting high biodiversity, such as those with a large number of high value snags, large 
diameter coarse woody debris, and large diameter trees  
 

Further guidance on implementing RRZ’s is provided in Section 5.4 below.  The above list is meant to 
provide general guidance only and is to be considered in light of the overall goal of maintaining or 
enhancing riparian values.  If stand level treatments (i.e. restoration works) will achieve these goals better 
than establishing reserve zones, then Riparian Management Zones (RMZ) with prescribed treatments 
and clearly defined objectives would be the preferred management approach.  
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Entry into established RRZs (excluding designated forest road crossings) should only be considered in 
very extenuating circumstances such as severe forest health problems or excessive fuel loadings that 
may lead to unnaturally catastrophic burns or risk to human safety. Tree-parasitic insects and diseases 
operating at endemic levels are beneficial for the ecology or riparian areas and do not require 
management intervention. As well, many streams in the Kootenay region rely on disturbance events for 
the episodic recruitment of woody debris.  
The objectives of any entry (excluding designated forest road crossings) into a Riparian Reserve Zone 
should be clearly documented and assessed by persons qualified to determine if the activity presents a 
risk to the values identified in Section 3.3 of this report. 
 
Table 21 – Hygric, sub-hygric and rare riparian ecosystem types to be prioritized for riparian reserve 
zone. Cluster number refers to the ecosystem cluster in the East Kootenay representation analysis (Wells 
et al 2003).  

BEC Cluster 
No. 

Ecosystem Cluster 
Name 

Site Series  
in Cluster 

Climax Community 
Description 

Total ha  
in EKCP* 

PP 14 Hygric PPdh PPdh/04 Open Ct and Sw with 
snowberry, bluegrasses, 
silverweed 

1,527

IDF none Non-forested IDF IDFdm2/06 Shrub Birch, Horsetail N/a
 15 Hygric IDF IDFdm2/07, 

IDFdm2/XB 
Open Sw with water birch, 
horsetail, sedges, dogwood 

1,521

 12 Subhygric-hygric 
(fluvial riparian) IDF 

IDFdm2/05,  Sw (Fd,At) with dogwood, 
Douglas maple, sarsaparilla 

5,845

 9 Subhygric IDFun2 IDFun2/SD Sw and Fd with dogwood 32
 16 Hygric IDFun IDFun/CD Open Ct and Sw with dogwood 566
MS/ 
IDF 

19 Subhydric MS MSdk/07 
IDFdm2a/SB 

Open Sx with sedges, alder, 
scrub birch, sphagnum 

4,420 (mostly 
in parks)

 18 Hygric MS MSdk/06 
IDFdm2a/SH 

Sx with horsetail, bunchberry, 
dogwood, feathermoss 

11,875

ICH none Non-forested ICHmk1 ICHmk1/08 Sedge, cinquefoil N/a
 10 Subhygric ICHmk1 ICHmk1/06 Cw,Sx,Bl with oak fern, lady 

fern, foamflower, Queen’s cup 
1,995

 17 Hygric ICH ICHmk1/07 
ICHdm/SD 

Open SxBl with horsetail, lady 
fern, cow parsnip, bluejoint 

6,326

 38 Hygric ICHdw ICHdw/04 Fluvial CwHw with lady fern and 
Devil’s club 

146

 46 Hygric-subhygric 
ICHmw1 

ICHmw1/07 Cw(Sw) with dogwood, 
horsetail, cranberry, mosses 

3286

 44, 45, 
47 

Hygric-subhygric 
ICHwk1 and ICHmw1 

ICHwk1/06 
ICHwk1/07 
 
ICHwk1/08 

Riparian areas in northern and 
western Kootenay’s 

221 in total 
for all 3

ESSF none Non-forested ESSFdk ESSFdk/07 Willow, sedge N/a
 23 Hygric ESSF ESSFdk/06 

ESSFdm2/FH 
Gappy BlSe, with horsetail, 
feathermoss, azalea, 
bunchberry 

15,272

 30 Hygric ESSFdm1 ESSFdm1/FH SeBl with horsetail, azalea, 
lovage, arrow-leaved groundsel 

53

 35 Subhygric upper ESSF ESSFdku/FH 
ESSFdmu1/FH
ESSFwmu/WE
ESSFdm2/WE

Very open SeBl with abundant 
horsetail 

4,533

* Total area includes the entire East Kootenay Conservation Program area, including national parks (1,750,017 ha).  Non-forested 
site series do not have areas calculated for them. 

September 28, 2009       42  



    

5.3 Riparian Management Zones 
Riparian Management Zones should be considered in the following locations: 

• Adjacent to RRZs to protect the integrity of the reserve by reducing windthrow and sediment 
delivery hazard. RMZs can also increase the ecological value of RRZs by increasing the size of 
habitat patches beyond RRZs or providing habitat connectivity to upland or other riparian areas. 

• Adjacent to RRZs where topography/terrain features extend riparian function beyond the obvious 
valley flat/floodplain slope break. For example, in confined draws/valleys where LWD is being 
recruited from upper slopes or, where wildlife trees or wildlife corridors are situated along the 
outer margins and/or glaciofluvial terrace tops adjacent to riparian areas. 

• Adjacent to water features where the conditions for delineation of RRZs do not occur but where 
riparian vegetation is providing a source of LWD that is functioning to maintain channel stability 
(eg. small (<5m) streams that do not contain high value fish habitat) 

• Adjacent to headwater features to protect the wildlife habitat especially amphibian, invertebrates, 
nutrients and food web input to the downstream fish habitat; depending on the size of the 
headwater stream complex.  

Because forest harvesting is not excluded in Riparian Management Zones, a minimum seven (7) meter6 
no-machine zone (NMZ) should be defined along all classified water features, except as required for 
designated crossings. The primary objective of the no-machine zone is to reduce the potential for direct 
disturbance to the forest floor and channel banks from logging equipment. Past research has shown that 
headwater reaches have a narrow temperature gradient (5 to 10 m across the terrestrial zone measured 
perpendicular from the center of the stream up slope and from ground level to just under the shrub 
canopy, within which a strong stream effect of cool, moist microclimates occurs radiating upslope) that 
mediates temperature and relative humidity, provides organic matter, moisture control, and fuels the food 
web for the stream, downstream reaches, and the immediate terrestrial area. No literature supporting a 7 
m NMZ width over others was found. For reference, the BC Forest Practices Code required a 5 m NMZ.  
In all likelihood, this width can vary according to the terrain and associated potential to disturb important 
aquatic interface structures. It is likely that a no-machine zone with a minimum of 7 m along with avoiding 
disturbance of the shrub community (e.g. by harvesting in winter) should effectively protect the aquatic 
and terrestrial zones associated with the stream.  
 
Forest management in RMZs is intended to: 

• Protect the integrity of the adjacent RRZ by reducing windthrow and sediment delivery hazard; 
• Maintain or restore riparian ecosystem composition, structure and function. Forest management 

should include thinning and fuel reduction treatments where required. This consideration 
especially applies to NDT 4 and the drier NDT3 ecosystems. After thinning, prescribed burning 
may be considered. Note however that unintended impacts may arise such as introduction or 
spread of invasive weed species. Weed management may have to be implemented concurrent to 
or post treatment; 

• Retain critical stand-level habitat elements (e.g., trees with sign of current use by wildlife, large 
snags and defective life trees, large hollow logs, hardwoods, patches of berry-bearing shrubs). 
Follow the provincial and Tembec’s wildlife tree management guidelines when treating RMZs. 

• Retain a sufficient percentage of standing timber representative of the pre-harvest stand, with 
heavier retention of bank-edge and leaning trees, shrubs, and submerchantable trees to allow for 
continual recruitment of large live and dead trees for stream structure, aquatic habitat and shade. 

• Limit the use of heavy equipment, except to cross streams at designated places, or where the 
use of such equipment is deemed to have low impacts (i.e. winter harvest); 

                                                      
6   As defined in section 6.5.6 of the FSC – BC Regional Standards Revisions (February 27, 2005).   
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• Avoid disturbance of mineral soil. Where disturbance is unavoidable, mulch and seed are applied 
at appropriate time of year. Harvesting options that minimize road construction and reconstruction 
are preferred; 

• Avoid the spread of noxious weeds; 
• Utilize drainage plans to manage surface runoff where roads and trails are situated on or above 

potentially unstable or unstable slopes (P or U, Class IV or V); 
Forestry activities in RMZ’s may also be appropriate to reduce excess fuel loadings, address less 
severe forest health problems, accelerate succession toward late-successional stand structure, 
reintroduce disturbance, or salvage trees after catastrophic disturbance. 
Further guidance on implementing RMZ’s is provided in Section 5.4 below. 

 

5.4 Delineation of Riparian Reserve and Management Zones 
The delineation of RRZs and RMZs should: 

• Follow logical topographic breaks, and/or reflect terrain features. Where streams are confined by 
steep slopes (>50%), RMZs should extend far enough upslope or to a logical topographic break 
to manage for sediment delivery and windthrow hazards.   

• Reflect natural disturbance regimes (disturbance return intervals and their range of variability), 
which indicate that a mosaic of forest patches representing all successional stages can be 
expected in riparian areas;   

• Reflect the change in function of riparian vegetation with changing stream width and gradient, 
which will result in different densities and species mix in management zones along the same 
stream depending on channel characteristics;  

• Manage for windthrow hazard. While windthrow may compromise the integrity of riparian buffers, 
only consider special treatments (e.g., feathering of reserve edges, selective removal of 
susceptible trees, etc.) in areas of high windthrow hazard. Establishment of RMZs with variable 
retention can prevent windthrow in RRZs. Some windthrow is beneficial for riparian ecosystems, 
especially if it leads to LWD input into water bodies. However, excessive LWD input can be 
detrimental by slowing water velocity to the extend of increasing deposition of fine sediment or 
creating LWD jams that cause the stream to abandon a well-developed channel. This is 
especially important in small streams where flows can easily be impacted. 

• Where present, follow natural stand or ecosystem boundaries, e.g. the transition between Sx 
dominated and Pl dominated stands 

• Consider the provision of security and thermal cover for wildlife using riparian areas   

The following table provides general guidance around the delineation of reserve and management zones 
relative to riparian feature classes and stream/terrain conditions. Site specific characteristics may require 
deviations from these general guidelines in order to meet the overall goal of maintaining riparian function 
and protecting riparian values. 
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Table 5. General riparian management guidance by feature type 

FSC  
Stream Class7

Terrain 
Conditions 

Riparian Reserve 
Zone (RRZ) 
Rational 8

Riparian Management Zone (RMZ) Rational9

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

Delineation of RMZ is beneficial where floodplain 
development is minimal and/or stream is confined by steep 
slopes. If a glaciofluvial scarp is present the RMZ should 
extend to the top of the terrace scarp. 

RRZ for width of 
floodplain 

S1a,b  
 
Large streams and 
rivers (>20m) with fish or 
in a community 
watershed  
 

Unconfined on 
moderate to 
gentle slopes 

RRZ for width of 
floodplain 

RMZ would be defined specifically to manage wildlife 
values that extend beyond the RRZ or windthrow hazard 
along the edge of the RRZ 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

RRZ includes 
floodplain or valley 
flat10

Streams of this size have the greatest potential for impacts 
to water quality and aquatic habitat from road related 
landslides and debris flows. RMZ should extend upslope 
beyond RRZ or to topographic break to manage for 
windthrow and sediment delivery hazards.  

S2  
 
Intermediate streams 
and rivers (5-20m) with 
fish or in a community 
watershed  

Unconfined on 
moderate to 
gentle slopes 

RRZ includes 
floodplain or valley flat 

RMZ should extend beyond RRZ to manage for windthrow 
hazards. RMZ is wide enough to maintain riparian function 
including LWD recruitment and shade in low gradient 
channels/watersheds 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

RRZ includes the 
valley flat and extends 
upslope for at least 0.5 
tree height. 

RMZ extends upslope beyond the RRZ to manage for 
windthrow and sediment delivery hazards S3  

 
Small streams and rivers 
(1.5-5m) with fish or in a 
community watershed.  Unconfined on 

moderate to 
gentle slopes 

RRZ of at least 0.5 
tree heights either side 
of stream to maintain 
shade and LWD 
recruitment  

RMZ where necessary to protect reserve zone from 
windthrow hazard and/or to manage for wildlife values that 
extend beyond RRZ. 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

As required to address 
site specific riparian 
values.   

RMZ should extend far enough upslope to manage for 
windthrow and sediment delivery hazards. Retention in 
RMZ must be sufficient to protect channel banks and 
adjacent valley flat from scour and ensure continual supply 
of LWD to the channel  

S4  
 
Very small streams 
(<1.5m) in community 
watershed or containing 
fish)  

Unconfined on 
moderate to 
gentle slopes 

As required to address 
site specific riparian 
values. 

RMZ should extend far enough back from the channel and 
have sufficient retention to provide shade, protect channel 
banks and adjacent valley flat from scour and ensure 
continued supply of LWD to the channel 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

In the East Kootenays streams of this size are draining 
areas of approx. 10km2 (10,000 ha) and larger and most 
likely are flowing over a floodplain or valley flat of at least 
10 meters wide. Streams of this size are generally highly 
dependant on LWD for stability. RMZ should extend 
upslope beyond the RRZ to manage for windthrow and 
sediment delivery hazards. 

RRZ includes 
floodplain or valley flat 

S5a   
 
Small to intermediate 
streams and rivers 
(>3m) outside CWS’s 
and with no fish and: 
a) In a domestic 
watershed, and/or 
b) <500 m upstream of 
fish-bearing stream11, or 
c) Wider than 10m. 

Unconfined on 
moderate to 
gentle slopes 

RRZ includes 
floodplain or valley flat 

RMZ where necessary to protect reserve zone from 
windthrow hazard and/or to manage for wildlife values that 
extend beyond RRZ. 

                                                      
7 As defined in FSC – BC Regional Standards Revision (February 26, 2005) 
8 As discussed in Section 5.2, reserve zones can be entered for forest health reasons as long as long as aquatic values are not 
compromised. 
9 Refer to Section 4.3.2 and 4.3.3 for more specific directions regarding appropriate management activities in RMZ 
10 The term ‘valley flat’  use here applies to the low gradient valley bottom that is present in smaller, more confined valleys that the 
stream flows over and occasionally shifts across during flood events.   
11 Upstream distance is not a practical measure for defining risk to fisheries values.  In smaller, lower order streams, the gradient of 
a stream plays a more important role with respect to potential for down stream impacts than distance upstream. High gradient 
tributaries (>20%) have the potential to transport debris flows and fine textured sediment for kilometres. Riparian management 
strategies should apply over the length of the tributary where steep gradients are present. 
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FSC  
Stream Class7

Terrain 
Conditions 

Riparian Reserve 
Zone (RRZ) 
Rational 8

Riparian Management Zone (RMZ) Rational9

S6a  
 
Very small streams (0.5-
3m) outside CWS’s, with 
no fish and: 
a) In domestic  
watershed and/or  
b) <=250m upstream of 
a fish stream. 

All 
As required to address 
site specific riparian 
values. 

In the East Kootenay streams of this size are generally 
headwater streams draining areas of less than 1000ha. A 
RMZ may be necessary along some of these channels 
(particularly in channels of < 20% gradient) to maintain 
riparian function including shade and LWD recruitment 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

Reserves over 
floodplain or valley flat 

Where necessary, RMZ should extend far enough upslope 
to manage for windthrow and sed. delivery hazards. 

S5b 
 
Small to intermediate 
streams (3-10m) not in a 
consumptive use 
watershed, not fish 
bearing, and > 500m 
upstream from a fish 
stream. 

Where necessary to protect values or channel stability, 
RMZ wide enough to maintain riparian function including 
shade and LWD recruitment  

Unconfined on 
moderate to 
gentle slopes 

Reserves over 
floodplain or valley flat 

S6b (<3m) 
Very small streams (0.5-
3m) not in a 
consumptive use 
watershed, not fish 
bearing, and > 250m 
upstream from a fish 
stream. 

As required to address 
site specific riparian 
values. 

Where necessary to protect values or channel stability, 
RMZ wide enough to maintain riparian function including 
shade and LWD recruitment 

All 

    

FSC Lake and 
Wetland Class12

Riparian Reserve Terrain 13
Conditions Zone (RRZ) Riparian Management Zone (RMZ) Rational

Rational 
Reserve to include 
aquatic-terrestrial 
interface to protect 
lakeshores and 
overhanging 
vegetation 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

RMZ should extend upslope beyond RRZ or to topographic 
break to manage for windthrow and sed. delivery hazards. 

Lakes 
L1  (> 5 ha) 
L2  (1-5ha in PP/IDF) RMZ is sufficiently wide to manage for windthrow hazard 

and wildlife habitat requirements (eg. travel corridors) that 
may extend beyond RRZ. Shade is along southern margins 
is an important consideration for RMZ retention. 

Adjacent slopes 
are moderate to 
gentle  

Reserves include the 
aquatic-terrestrial 
interface.  

Reserve to include 
immediate aquatic-
terrestrial interface to 
protect lakeshores and 
overhanging 
vegetation 

Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

RMZ should extend upslope beyond RRZ or to topographic 
break to manage for windthrow and sed. delivery hazards. 

Lakes  
L3 (1-5ha not in PP/IDF) Reserve to include 

immediate aquatic-
terrestrial interface to 
protect lakeshores and 
overhanging 
vegetation 

L4 (0.25-1ha in PP/IDF) RMZ is sufficiently wide to manage for windthrow and 
sediment delivery hazard and wildlife habitat requirements. 
Shade is along southern margins is an important 
consideration for RMZ retention. 

Adjacent slopes 
are moderate to 
gentle 

 

Reserve defined 
around perimeter of 
wetland to include 
aquatic-terrestrial 
interface.  

Wetlands  Confined by 
steep slopes 
(>50%, P, U, 
Class IV, V) 

 RMZ should extend upslope beyond RRZ or to topographic 
break to manage for windthrow and sed. delivery hazards. W1 – W5 

 

                                                      
12 As defined in FSC – BC Regional Standards Revision (February 26, 2005).  They are also consistent with the FPC Riparian 
Management Guidebook definitions (MoF 1995). 
13 Refer to Section 4.3.2 and 4.3.3 for more specific directions regarding appropriate management activities in RMZ 
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FSC Lake and 
Wetland Class12

Riparian Reserve Terrain 13
Conditions Zone (RRZ) Riparian Management Zone (RMZ) Rational

Rational 
Reserve defined 
around perimeter of 
wetland and extends 
outwards include 
aquatic-terrestrial 
interface. 

RMZ is sufficiently wide to manage for windthrow hazard 
and wildlife habitat requirements. Shade is along southern 
margins is an important consideration for RMZ retention. 

Adjacent slopes 
are moderate to 
gentle 

RMZ is sufficiently wide to manage for windthrow and 
sediment delivery hazard and wildlife habitat requirements. 
Shade is along southern margins is an important 
consideration for RMZ retention. 

As required to address 
site specific riparian 
values. 

Unclassifed Lakes and 
Wetlands All 
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Appendix A – Riparian associated Species-at-Risk 
potentially occurring within the Invermere TSA 

Table A-1. Riparian associated plants-at-risk 

Scientific Name  Common Name 
COSEWIC BC 

Reported Locations  Habitat Status Status
southern 
maidenhair fern 

Endangered Red Fairmont Hot springs (not in the 
operating area) potential to occur 
in IDFdm zones 

Lime-rich, wet, porous rock formed 
from the mineral deposits from hot 
springs 

Adiantum capillus-
veneris 

pink agoseris  Blue Larix Lake and Tangle Peak are 
reported sittings potential to 
occur inICHmw and IDFdm zones

Restricted to perennially wet montane 
meadows on a variety of substrates in 
which the soil is saturated throughout 
the growing season. Elevation is mid-
montane to subalpine 

Agoseris 
lackschewitzii  

Alkaline marshes, wet meadows and 
gravelly seepage areas in the steppe 
and lower montane zones 

Castilleja minor ssp. 
minor   

annual paintbrush 
  

   Red   Canal Flats area, potential of 
occurring in IDFdm Reported 
occurrence Mount Sabine 

Eleocharis rostellata beaked spike-
rush 

 Blue Potential of occurring in ICHmw, 
IDFdm, IDFmw, MSdm zones, 
reported at Fairmont Hot Springs 
and Armstrong Bay south of 
Fairmont Hot Springs 

Lime-rich wetland, colluvial soil and 
loose rock, organic turf discontinuous, 
seepage ground where surface soil is 
permantly saturated with groundwater 
discharge 

smooth 
willowherb 

 Blue Potential of occurring 
inESSRmw, ICHmw,  IDFun, 
reported at Paradise Mine (west 
of Invermere) 

Moist streambanks, rocky slopes, and 
open forests in the montane to alpine 
zone 

Epilobium 
glaberrimum ssp. 
fastigiatum 

Giant Helleborine Special 
concern 

Blue Exact locations unknown occurs 
in ICHmw, IDFdm, and IDFmw 

Moist stream banks, fens, marshes, 
swamps and around hot springs 

Epipactis gigantea 

Nuttall's 
sunflower 

 Red Reported near Windermere, 
potential of occurring in IDFdm, 
PPdh 

Wet to moist fields and meadows in 
the lowland and steppe zones 

Helianthus nuttallii 
var. nuttallii 

western St. 
John's-wort 

 Blue Potential of occurring in ESSFdk, 
IDFdm zones. Reported head of 
Moyie Creek 

Moist to wet streamsides, estuaries, 
marshes and open slopes in all zones 
except alpine and steppe 

Hypericum scouleri 
ssp. nortoniae 

water marigold  Blue Potential of occurring in ICHmw, 
IDFdm and IDFun, reported at 
Radium Hot Springs (marshy 
lagoon below town) and 
Windermere Lake 

Lakeshores and ponds in the lowland, 
steppe and montane zones 

Megalodonta beckii 
var. beckii  

  

purple oniongrass  Blue Potential of occurring in ESSFd, 
ESSFdkp, ESSFwm, ICHm, 
IDFdk, and MSdk zones 

Wet to dry meadows and open forests 
in the montane and subalpine zones 

Melica spectabilis 
  

foxtail muhly  Red Potential of occurring in IDFdm 
zone, reported in Fairmont Hot 
Springs area  

Wet to moist canyons, streambanks, 
meadows, and hot springs (in tufa) in 
the montane zone 

Muhlenbergia 
andina  
 

marsh muhly      Blue   Potential of occurring in ICHdw, 
ICHmw, ICHwk, IDFdk, IDFdm, 
IDFun, MSdk, and MSdm, 
reported north of Canal Flats and 
Fairmont Hot Springs 

Wet to moist mineral-rich or calcareous 
meadows, streambanks, irrigation 
ditches, lake margins and hotsprings in 
the steppe and montane zones 

Muhlenbergia 
glomerata   

alkali plantain  Blue Potential of occurring in ESSFdk, 
IDFdm, IDFun, and MSdk, 
reported from Bummers Flats to 
Athalmer 

Wet to moist alkaline meadows and 
salt marshes in the montane zone 

Plantago eriopoda 
  

 

stiff-leaved 
pondweed   

   Blue   North Columbia Lake/Lake 
Windermere (Fairmont area) 

Lakes in the lowland and montane 
zones 

Potamogeton 
strictifolius   

alkaline Wing-
nerved Moss 

Threatened Red Two populations reported in the 
Rocky Mountain Trench 

Restricted to the edges of open, 
seasonally wet and alkaline pond, 
lakes, sloughs, and seepage slopes, 
where vegetation remains low and 
patches of soil are available.   

Pterygoneurum 
kozlovii 
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Scientific Name  Common Name 
COSEWIC BC 

Status Status Reported Locations  Habitat 
Booth's willow      Blue   Fernie to Crowsnest Pass area, 

potential of occurring in ICHmk, 
ICHmw, IDFdk, IDFun, and 
MSdk. 

Moist to wet streambanks and 
meadows in the montane and 
subalpine zones 

Salix boothii   

pale bulrush  Red Potential of occurring in ICHdw, 
IDFdm, reported sighting 
Fairmount Hot Springs 

Swamps and wet meadows in the 
lowland and montane zones 

Scirpus pallidus 
 

 
rivergrass  Red Potential of occurring in IDFdk, 

IDFdm, reported sightings Loon 
Lake and Larsen Lake 

Ponds, marshes, lakeshores and 
streamsides in the steppe and 
montane zones 

Scolochloa 
festucacea  
 
 
 
 
Table A-2.  Riparian associated animal species at risk. Species marked with an asterisk are more 
marsh associated than riparian associated, but are included for completeness. 

Scientific  
Name 

Common  
Name 

COSEWIC BC IWMS Locations in Invermere TSA Habitat Status Status
Amphibians 

Coeur d’Alene 
Salamander 

Special 
Concern 

Yellow yes Not known from Invermere TSA, but 
virtually no survey effort in the area. 
Closest known location is the St. Mary’s 
River watershed to the south, small 
tributary 95 km north of Revelstoke on the 
Columbia River and Duncan Reservoir to 
the west. Given presence in Columbia R. 
watershed and recent expansion of the 
species’ extent of occurrence based on 
increased survey effort (e.g. Revelstoke 
area, North Thompson) where they were 
not previously known, there is reasonable 
chance the species occurs in the 
Invermere TSA.  

seeps or wet depressions, 
riparian zones, and waterfall 
spray zones.  They have also 
been located on north-facing 
talus slopes. 

Plethodon 
idahoensis 
 

Western Toad Special 
Concern 

yellow  Broadly distributed and found at most 
elevations, including >3000 m. 

Breed in almost any wet area 
incl. ditches and puddles.  
Require some ground cover / 
litter. 

Bufo boreas 

Northern 
Leopard Frog 

Endangered Red yes Extirpated from Invermere TSA. Closest 
location is Bummer’s Flats near Wasa, 
where they were re-introduced. Historically
known from Columbia R. wetlands. 

 

marshes, wet meadows, 
riparian areas, and moist 
open forests 

Rana pipiens 
 

Reptiles 

Rubber Boa Special 
Concern 

Yellow  Known from Radium Hot Springs and east 
side of Columbia Lake. 

grasslands, montane forests, 
and riparian zones.  Rocky 
outcrops and coarse woody 
debris appear to be key 
habitat features.   

Charina bottae 

Western 
Painted Turtle 

Special 
Concern 

Blue  Suitable habitats throughout the Invermere 
TSA.  

lakes, ponds and streams 
with slow moving water, 
muddy bottoms and dense 
aquatic vegetation. Primarily 
at lower elevations. Near 
northern range limit. 

Chrysemys 
picta bellii 
 

Mammals 

Townsend's 
Big-eared Bat   

 Not 
assessed 

Blue  Known near Columbia Lake Cave rich terrain and human 
structures; forages in riparian 
habitats, wetlands, and other 
moist places. 

Corynorhinus 
townsendii   

Fisher Not 
assessed 

Blue yes Effectively extirpated from Invermere TSA. 
Occasional sightings near Fernie, but not 
in Invermere, TSA.  Unconfirmed sighting 
in 2009 near Whiteswan Lake Prov. Park 
(good chance the animal was a marten) 

Associated with older riparian 
forests, especially large dbh 
black cottonwood for 
denning. 

Martes 
pennanti 
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Scientific  
Name 

Common  
Name 

COSEWIC BC IWMS Locations in Invermere TSA Habitat Status Status
Grizzly Bear Special 

Concern 
Blue yes Mid to upper elevations throughout the 

Invermere TSA. Occasionally at lower 
elevations in Rocky Mountain Trench, 
especially in Columbia wetlands. 

Habitat generalist, key 
features include berry 
patches, avalanche chutes, 
wetland habitats in spring, 
often in riparian zones. 

Ursos arctos 

Birds 

Great-blue 
Heron 

Not 
assessed 

Blue yes Several historic nesting colonies along 
Columbia wetlands. In 2007, only active at 
Dutch Ck, Nicholson and Parson. 

 
Forages in shallow water of 
wetlands, lakes, marshes. 
Colonial nester in low 
elevation riparian and 
wetland areas. 

Ardea herodias 
herodias 

American 
Bittern   

Not 
assessed 

Blue  Known from Lake Lillian (Toby Benches) 
and historical records throughout 
Columbia wetlands and Columbia Lake 

Marshes, sometimes 
sloughs, lake edges, 
swamps, riverbanks, sewage 
ponds and fields. 

Botaurus 
lentiginosus  

Broad-winged 
Hawk 

Not 
assessed 

Blue  Nest records from near Golden and TFL-
14. 

Nests in deciduous or mixed 
forests, often near wet areas.

Buteo 
platypterus 

Asio flammeus  Short-eared 
Owl 

Special 
Concern 

Blue  Suitable habitat exists, primarily at low 
elevations, but few known records. 
Probably migratory in the East Kootenay. 

Mostly associated with open 
fields and marsh-lands.  
Nests on ground, not tree 
cavities. Migratory. 

Olive-sided 
Flycatcher 

Threatened Blue  Throughout Invermere TSA at mid- to 
high-elevations)in suitable habitat. 

Semi-open areas at mid- to 
high-elevations with standing 
dead trees (such as 
cutblocks and burns).  Not a 
riparian obligate species, but 
often near bogs or beaver 
ponds. 

Contopus 
cooperi 
 

Fish 

Acipenser 
transmontanus 

White 
Sturgeon 

Endangered Red  Historically, occasionally found in the 
Upper Columbia River, likely following 
migrating salmon. Work14 is currently 
looking at establishing sturgeon above 
Mica Dam where entrapped nutrients and 
introduced Kokanee salmon may support a
population. 

 

Adults live almost exclusively 
in Columbia maintstem in 
stable depths of >15m. 
Spawning habitat includes 
cobble, boulder and bedrock 
substrates. 

Cutthorat 
Trout, lewisi 
subspecies 

Special 
concern 

Blue yes Suitable habitat throughout Small mountain streams, 
main rivers and large natural 
lakes; requires cool, clean, 
well-oxygenated water. In 
rivers, adults prefer large 
pools and moderate velocity 
areas. Spawns in spring in 
small tributary streams on 
clean gravel. 

Oncorpynchus 
clarkia lewisi 

Bull Trout Not 
assessed 

Blue yes Suitable habitat throughout Deep pools in cold rivers and 
large tributaries. Often in fast 
current. Clean cobble and 
stable substrate with 
temperatures <15°C. 

Salvelinus 
confluentus 

Burbot (lower 
Kootenay 
population) 

 Red  Known from Columbia Lake, Columbia 
River and associated tributaries. 

Lota lota  Adults in cool waters (<18°C) 
with deep channels 

Butterflies  Source: primarily D. Nicholson pers. comm. (Dean Nicholson, Naturalist, Cranbrook, BC) 

                                                      
14   Source: Canadian Columbia River Inter-Tribal Fisheries Commission. 2005. Kinbasket - Upper Columbia Sturgeon Re-
colonization Risk Assessment Pathogen and Local Knowledge Sections.  Report to The Upper Columbia White Sturgeon Recovery 
Initiative. Nelson, BC. 
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Scientific  
Name 

Common  
Name 

COSEWIC BC IWMS Locations in Invermere TSA Habitat Status Status
Gillett’s 
Checkerspot 

Not 
assessed 

Red yes Not known from Invermere TSA. Closest 
known records are from Elk Lakes Prov. 
Park. Most likely to occur near Height of 
the Rockies Prov. Park / Albert Creek in 
Sinna RAU. 

Moist, open areas with trees, 
including the margins of 
wetlands and moist open 
meadows in the ESSF.  
Close association with black 
twinberry (Lonicera 

Euphydryas 
gilletti 

involucrata) as larval 
(caterpillar) food. 

Pelidne 
(Labrador) 
Sulphur 

Not 
assessed 

Blue  known from Invermere TSA Found at timberline, not 
obligate to riparian, but 
occurs there. Host plant is 
blueberry. 

Colias pelidne 

Jutta arctic, 
chermocki sub-
species 

Not 
assessed 

Blue  Known from Findlay Creek and Halgrave 
Lakes. Likely in suitable habitats 
throughout the Columbia Valley  

mostly near spruce bogs also 
clearings of lodgepole pine 
forests near wet areas; 
caterpillars feed on sedges, 
including cotton grass. 

Oeneis jutta 
chermocki 

Uncertainty exists over taxonomy. O.j. 
chermocki is blue listed. Sub-species 
present in southeastern BC may be O.j. 
ridingiana which is yellow-listed. 

 

Dragonflies, Damselflies   Source: (Cannings et al. 1999)15  

Vivid Dancer Not 
assessed 

Red  Known from at least 9 Kootenay locations, 
including Fairmont Hot Springs  

closely associated with warm 
and hot springs and spring-
fed pools.  Larvae develop in 
the pools and adults stay 
close to water. 

Argia vivida 

Pronghorn 
Clubtail 

Not 
assessed 

Blue  Not known from Invermere TSA. Closest 
known locations are Wasa Lake and 
Kikomun Ck Provincial Park 

Larvae develops in wave-
washed sand beaches, 
adults forage over lakes. 

Gomphus 
graslinellus 

Forcipate 
Emerald 

Not 
assessed 

Blue  Known from Yoho and Kootenay National 
Parks. These are the only known records 
in BC. Unlikely to occur west of the 
Trench. 

Close association with cool, 
flowing groundwater. 
Shallow, spring-fed 
streamlets (often only 20-30 
cm wide) trickling through 
subalpine Hillside fens, or in 
pools associated with flowing 
groundwater. 

Somatochlora 
forcipata 

Twelve-spotted
Skimmer   

 Not 
assessed 

Blue  Not known from Invermere TSA.  Records 
from at least 6 Kootenay locations 
including: Tobacco Plains, Cranbrook, 
Creston, and Revelstoke. 

Exposed, nutrient-rich 
alkaline lakes and ponds with 
submerged vegetation and 
calcareous soils.  Primarily at 
lower elevations. 

Libellula 
pulchella   

Terrestrial Gastropods (Snails & Slugs)   
16source: Ovaska and Sopuck 2007; Forsyth 1999.

Rocky 
Mountainsnail 

Not 
assessed 

Blue  Occurrence in Invermere TSA is uncertain. Vegetated rockslides and Oreohelix 
strigosa Widespread throughout southern Rocky 

Mountains in Bull, Elk and Flathead River 
drainages.  

talus slopes on dry 
mountainsides and lower 
elevation deciduous forests, 
particularly 
in cottonwood dominated 
floodplains 

Pale Jumping-
slug 

Not 
assessed 

Blue  In 2007 surveys, found at N. Fork White 
River and near Whitetail Lake. Historical 
records from Paradise Mine west of 
Invermere. 

Moist microhabitats in dry to 
moist forests. 

Hemphillia 
camelus  

                                                      
15   Cannings, R.A., S.G. Cannnings, and L. Ramsay. 1999. The dragonflies (Insecta: Odonata) of the Columbia Basin, British 
Columbia: field surveys, collections development and public education.  Royal British Columbia Museum, Living Landscapes. 
Available: http://www.livinglandscapes.bc.ca/cbasin/www_dragon/toc.html 
16   Ovaska, K. and L. Sopuck. 2007. Surveys for terrestrial gastropods at risk in southeastern British Columbia, July – September, 
2007. Report to BC Ministry of Environment, Victoria, BC. 
 
Forsyth, R.G. 1999. Terrestrial malacology in the Columbia Basin, British Columbia. Royal British Columbia Museum, Living 
Landscapes. Available: http://www.livinglandscapes.bc.ca/cbasin/molluscs/contents.html 
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Scientific  
Name 

Common  
Name 

COSEWIC BC IWMS Locations in Invermere TSA Habitat Status Status
Banded 
Tigersnail 

Not 
assessed 

Blue  Not known from Invermere TSA. Found 
near Kimberley,  Yahk and Lardeau R. 

Moist forests, often 
associated with riparian 
floodplains 

Anguispira 
kochi 

Magnum 
Mantleslug 

Not 
assessed 

Blue  Not known from Invermere TSA. Low 
densities at locations across SE BC, 
including: Fernie, Wells Gray Park, Nancy 
Green Park, Sicamous Ck. 

Mid- to low-elevation moist, 
cool forests associated with 
small stream riparian areas 

Magnipelta 
mycophaga 
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