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EXECUTIVE SUMMARY
This report assesses the natural assets that exist on the landscape of the West

Kootenay region. The report aims to outline some important, and some

lesser-discussed, benefits that humans derive from intact forested and mountainous

ecosystems of Southeastern British Columbia. Through four months of field data

collection, and thorough research, this document provides a broad summary of how

humans interact with, and use their local ecosystems to their benefit and enjoyment.

In the first section of this report, regional descriptions of geology, topography, and

climate are provided, along with how the subtle differences in ecosystems of the

study area are reflected in the composition of vascular plant communities. In addition,

this section briefly discusses the implications of climate change in the region and how

some of the natural benefits that are associated with this area of BC are being

impacted by shifting environmental seasonality and variation.

The ecosystems of the study area are described in the second section, in which the

structure and composition of forest and land types are explained. In this portion of the

report, descriptions of ecosystems by Biogeoclimatic Ecosystem Classification unit are

included, and are explored through the lens of the land management handbook

published by BC’s Ministry of Forests, Lands, and Natural Resource Operations and

Rural Development (2017).

Finally, the specific benefits associated with the study area will be described through a

thorough review of different provisionary (goods), regulatory (services), and cultural

and spiritual (values) assets associated with these forest ecosystems. The local

provisioning services discussed in this report are drinking water, biodiversity, wood

products, and sustenance and foraging species. The regulatory services described for

the study area fall into three categories: wildlife habitat, riparian and aquatic features,

and trees. The riparian and aquatic features provide bank stability, water purification,

and climate regulation. The forested areas provide nitrogen-fixation, oxygenation

through photosynthesis, and carbon sequestration and storage. The cultural services
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relating to the study area that are discussed in this report are the physical and

psychological benefits associated with immersion in nature.

This report can help communities assess all of the important values of the ecosystems

in which they live, work, and play. Through the consideration of natural resources by

accounting for goods, services, and values, long-term planning and management of

lands and natural assets is possible.
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1. Introduction
The objective of summarizing this information in a report is to provide community

members living in watersheds with a broad understanding of values associated with

the land. The intention is also to empower community members to meaningfully

engage with land-use decision-makers for sustainable land management that

represents the breadth of values and benefits associated with their community

watersheds. Profitability often directly conflicts with structural and ecological diversity

and function; the result is often that forest management favours industrial

exploitation above intact ecosystems (Holland, Lilieholm, and Roberts 1993).

Ecosystem services, known as the benefits humans incur from natural processes and

products, are widely used for natural resource management decision-making and

assessing anthropogenic values associated with natural landscapes (Grêt-Regamey,

Brunner, Altwegg, and Bebi 2013). According to Chapin, Matson, and Vitousek (2011),

ecosystem services are organized into three categories: provisioning services

(i.e., goods); regulatory services (i.e., natural processes benefiting humans); and cultural

services (i.e., recreation, spirituality, aesthetics, and others). These categories are used

to differentiate benefits associated with the forested areas of the West Kootenay study

area. Altering the landscape can change ecosystem structure and processes and can

therefore shift the availability of resources, affecting both the biota that exist and the

benefits humans receive from an area (Farber et al. 2006). In order to maintain

long-term ecosystem health, and the associated benefits, it is becoming increasingly

common to include non-economic objectives in forest management decisions

(Johnson, Strengbom, and Kouki 2014).

An economy-driven forest management paradigm prioritizes timber production over

ecological sustainability and forest health (Holland, Lilieholm, and Roberts 1993;

Krumm, Schuck, and Rigling 2020). The result is often altered biological, chemical, and

physical systems that no longer have resilience to natural disturbance and shifting

environmental norms (Burt, Howden, Mcdonnell, Jones, and Hancock 2015;

Filbee-Dexter and Scheibling 2014; Warren et al. 2016). The rate and severity of natural

disturbances and shifting environmental norms negatively affect the safety and
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security of communities that depend on natural systems functioning properly. Land

management must therefore focus on all components of an ecosystem, using a

nature-based approach where ecosystem resilience and function are more important

objectives than profit and extraction of use-values.

The purpose of nature-directed stewardship is to prioritize ecological sustainability

and then address what kind of land use can support that sustained ecosystem

function. In contrast, ecosystem-based management is an attempt to protect nature

through resource extraction and land use with incorporated ‘best practices’, which do

the least amount of harm possible. The priority in the latter is still economic

development and sustainability, whereas nature-directed stewardship prioritizes

caretaking of the land through valuing natural integrity above all other values and

benefits. In this report, many non-financial values and benefits are discussed, in

addition to goods and services associated with monetary value. This broad overview is

presented in order to bring awareness to the values and benefits that humans derive

from intact ecosystems.

2. Regional Descriptions
The West Kootenay region is located in the southeastern corner of British Columbia

within the Columbia Basin. It includes the Lower Kootenay River drainage area within

Canada and the drainage area of the Columbia River between the Beaton Arm of the

former Upper Arrow Lake and the U.S. border (Figure 2-1). The region also includes the

western portion of the Purcell Mountain Range, the central and southern parts of the

Selkirk Mountains, and the eastern portion of the Monashee Mountains. Elevations of

the study area range from 400 to 3,200 metres. The main watershed catchments in

the West Kootenay region, from east to west, are the Goat, Kootenay, Duncan,

Lardeau, Salmo, Slocan, Incomappleux, and Columbia river drainages. Kootenay Lake,

Duncan Lake Reservoir, Trout Lake, Slocan Lake, and the Upper and Lower Arrow Lake

Reservoirs occupy the main valleys between mountain ranges.

The study area within the larger West Kootenay region includes Area E of the Regional

District of Central Kootenay (RDCK), spanning from central Kootenay Lake at Balfour,
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along both sides of the West Arm of Kootenay Lake to Kokanee Creek, and then along

the south side of the Arm and the Kootenay River, past Nelson to the eastern side of

the where the convergence of the Kootenay and Columbia rivers converge, in

Castlegar (Figure 2-2, McKenzie 2021).

2.1 Biogeoclimatic Ecosystem Classification System

The Biogeoclimatic Ecosystem Classification (BEC) system groups and classifies units

of land into areas with similar climate, geology, soils and vegetation. Biogeoclimatic

zones are used at the broadest spatial scale to classify lands and group large

geographic areas with broadly similar types of macroclimates. Biogeoclimatic

subzones reflect climate at the regional scale and are grouped into zones. A subzone

reflects the geographic extent of an area where the climate is homogeneous enough

to support the same general pattern of plant communities on similar sites. The BEC

system uses the mature (late successional) vegetation on zonal sites (sites with

average soil moisture and nutrient conditions that best reflect the regional climate) to

classify and delineate the geographic extent of each subzone. The subzones are

further divided into variants to account for variations in climate, geographic

distribution, geology and soils, and vegetation within the larger units (MacKillop and

Ehman 2016). (McKenzie, 2021)
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Figure 2-1. West Kootenay region in southeastern British Columbia that encompasses the entire study
area; includes Arrow Lake (left) and Kootenay Lake (right) Timber Supply Areas.
© Kyla Workun
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Figure 2-2. The project area includes Area E of the Regional District of Central Kootenay (RDCK).
© Kyla Workun

2.2 Ecozone Descriptions

Highly productive mature forests of western redcedar and western hemlock on zonal

sites characterize the Interior Cedar-Hemlock (ICH) zone. Mature and seral ICH forests

dominate areas in the valley bottoms and lower elevations of the study area, and

include a diversity of habitats that support many species of flora and fauna (Pojar,

Klinka, & Meidinger, 1987). The higher elevations of the area are dominated by

subalpine fir and Engelmann spruce forests on zonal sites within the Engelmann

Spruce–Subalpine fir (ESSF) zone. The zone is characterized by cooler climates, deeper

snowpack in the winter, and shorter growing seasons. These two biogeoclimatic zones

cover the large majority of the West Kootenay region, with very small areas of the

February 2022 5



Interior Mountain-heather Alpine (IMA) zone occurring only at the highest elevations

(Figure 2.2-1).

Within the study area, the ICH and ESSF zones include several subzones and variants.

The very dry warm ICH subzone (ICHxw) occupies the lowest elevation sites in the dry

valley bottoms. The Kootenay variant of the dry warm ICH subzone (ICHdw1) also

occurs at low elevations in the valleys above the ICHxw. The ICHxw and ICHdw1 forests

include western redcedar and western hemlock with a high diversity of other tree

species in seral stands and on drier sites. The Ymir variant of the moist warm ICH

subzone (ICHmw4) occurs at mid-elevations and has a moister and cooler climate and

a lower diversity of tree species compared to the ICHdw1. A transitional subzone

occurs between the ICH and ESSF and is classified as the Salmo variant of the wet hot

ESSF subzone (ESSFwh3). The subzone includes tree and understory species that are

common to both zones. At elevations above the transition area, the Ymir variant of the

wet mild ESSF subzone (ESSFwm3) is dominated by subalpine fir and Engelmann

spruce with various amounts of lodgepole pine in seral stands. The wet mild ESSF

woodland (ESSFwmw) and parkland (ESSFwmp) subzones occur at the highest

elevations and are dominated by lower productivity stands and clumps of subalpine

fir with some Engelmann spruce, and whitebark pine and subalpine larch restricted to

drier sites. The woodland and parkland subzones also include extensive areas of open

heath and moist subalpine meadows. There is no IMA within the project area.

(McKenzie, 2021)
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Figure 2.2-1. The southern part of the West Kootenay region in southeastern British Columbia; green
shows the areas that fall within the Interior Cedar-Hemlock BEC zone, purple indicates the
areas covered by the Engelmann Spruce Subalpine Fir zone, subzone and variant labelled.
© 2018 Government of BC

In the northwest corner of the study area, south-facing slopes shift to slopes with

cooler easterly aspects north of Balfour. The BEC subzones and variants at mid to

upper elevations transition to the Slocan variant of the moist warm ICH subzone

(ICHmw2), the Columbia variant of the wet hot ESSF subzone (ESSFwh1), the Selkirk

variant of the wet cold ESSF subzone (ESSFwc4), and the wet cold ESSF woodland

(ESSFwcw) and parkland (ESSFwcp) subzones. These BEC units are more extensive

than the other units in the project area; the ICHmw2 extends from east of Kootenay

Lake to Shuswap Lake and the ESSF units extend as far north as Revelstoke and the

headwaters of the Duncan River.
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2.3 Shifts Due to Climate Change

Land classification within the BEC system represents current conditions based on

historic, relatively stable climatic conditions in the recent past. However, in a rapidly

changing climate, plant communities and broader vegetation patterns are shifting at

both site and landscape levels in response to changing conditions. As a result, the

units of classification based on zonal vegetation within broad macroclimates (BEC

zones) are shifting towards other units (zones) within the classification, or towards

novel ecosystems that have not been previously described within the system

(Mahoney and Lee 2017). Research has projected that these novel ecosystems will exist

in the low elevations of the Southern Interior (wherein lies the study area), and that

extrapolations of these novel climates often underestimate the magnitude of changes

to the environment from climate change (Mahoney et al., 2018).

Some areas in the West Kootenay region that are currently in the upper ICH and lower

ESSF are modelled to transition into the Coastal Western Hemlock (CWH) BEC zone as

soon as 2040, while lower elevations of the ICH in dry valley bottoms may transition

into a novel ecosystem within the same time period. These shifts are shown in the

part of the project area near Nelson in Figure 2.3-1 (Wang, Hamann, Spittlehouse, and

Carroll 2016). By 2100, the majority of areas currently in the lower elevations of the ICH

zone are projected to transition into the novel ecosystem (shown in grey). Some areas

in the ESSF are shown to transition into the ICH zone by 2040, and almost the entire

region is projected to shift to the CWH zone by 2100 (Wang et al. 2016). Projected shifts

shown in Figure 2-4 are based on a climate model developed to represent

environmental shifts occurring in accordance with the 2015 Paris accord agreements

(Shared Socioeconomic Scenario 245; middle ground, similar to RCP 4.5).

There are many different climate models developed and these shifts represent only

one theoretical scenario. Due to the nature of climate change, it is difficult to project

broad shifts in temperature and precipitation, as this will largely vary throughout the

seasons, will be different at different elevations, and will be greatly impacted by

microtopography and aspect of slopes. The resulting shifts in vegetation will be quite

variable due to microclimate variation. Below is a projection that shows vegetation
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shifts based on large increases in precipitation, and moderate increases in

temperature. Because the projection is an increase in annual precipitation, the

seasonality of precipitation shifts is not accounted for. Summer drought is projected

to increase, despite increased precipitation, and that is what will most influence

drought and wildfire occurrence; that is not represented by the figure below. For more

detailed information on BEC zone transitions from climate change, and different

projected scenarios, see Map 14 of the Community in Nature’s Preliminary Nature

Directed Stewardship report.

Figure 2.3-1. Projected BEC zone shifts in an area of the West Kootenay landscape near Nelson.
Projection year indicated in the centre of the figure, colour legend for BEC zones, bottom
right. © DataBC
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2.4 Regional Climate

These climate data were collected from the West Kootenay Regional Airport weather

station located in Castlegar, BC. This is the easternmost extent of the study area, and is

typically slightly more dry and hot than the rest of the region.

In the lower elevations of the West Kootenays, the hot season extends from mid-June

until mid-September, during which the mean daily high temperatures are above 23°C.

July is the hottest month of the year, averaging 28 °C. The cold season lasts from

mid-November until the end of February, having a mean daily high temperature less

than 5°C. The average low is -5°C in December, which is the coldest month of the year.

The wettest times of the year are spring and fall; 56 mm of rain falls in June and 50

mm falls in November. Annual precipitation in the form of rain averages 385 mm per

year. Snowfall dominates precipitation during the winter. Approximately 270 mm of

snow falls in December, which is almost a third of the cumulative annual snowfall of

830 mm, which typically falls between November and April. These values of

precipitation as snow are projected to decrease significantly as the local climate

changes (Figure 2.4-1).
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Figure 2.4-1. Historical and projected precipitation falling as snow by elevation (H100 = highest elevation
band, H0 = lowest elevation band of focal area). Future projections derived from a 13 GCM
ensemble from AR6 for two GHG emission scenarios. © Greg Utzig

2.4.1 Shifting Baselines

Representative concentration pathways (RCPs) represent different climate models

and their associated environmental shifts relative to carbon emission scenarios. The

RCP 4.5 scenario represents emissions associated with approximate projections

consistent with the 2015 Paris Accord agreements. The RCP 8.5 scenario represents

emissions consistent with the status quo (van Vuuren et al. 2011). These modelled

environmental changes are mean annual temperatures (MAT) and mean annual

precipitation (MAP) values.
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In the ICH, projections into 2100 for these regions include the annual temperature

average shifting from the current 6.6°C to 9.7°C (RCP 4.5) given significant emission

reductions, and without any significant policy and industrial shifts, up to 12.0°C

(RCP 8.5; Mahoney and Lee 2017). Precipitation in the ICH based on Mahoney and

Lee’s model (2017), shows minimal annual increases from 816 mm to 834 mm

(RCP 4.5) and 837 mm (RCP 8.5). In the ESSF, Mahoney and Lee found that the

RCP 4.5 model shows temperature increases from 3°C to 6°C, and precipitation from

1,437 mm to 1,497 mm (2017). Their interpretation of the RCP 8.5 models shows shifts

up to 8.4°C and 1,497 mm by 2100 (2017).

The most significant implications of these climatic shifts may be the transition of

precipitation from snow to rain, and increased drought during summer months. With

increases in temperatures, there will be decreases in snowpack accumulation due to

faster melting and less precipitation falling as snow. This will significantly alter the

seasonality of hydrological events, affecting many species of invertebrates,

amphibians, and fish that depend on the presence of water throughout the dry

summers for reproduction and survival. In addition, impacts on the moisture

availability in the forest throughout these watersheds will be altered; soil moisture

regimes will shift, creating novel growing conditions, which are no longer suitable for

many species currently growing. With annual increases in precipitation (Figure 2.4-4),

but lower summer precipitation, there will be exacerbated drought stress in the

region, as well as flashier and higher-volume storm flows in the cooler seasons (Carver

2017).
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Figure 2.4-2. Mean seasonal and annual temperature changes for the West Arm of Kootenay Lake
(mean of all elevations). Future projections derived from a 13 GCM ensemble from AR6 for
two GHG emission scenarios. © Greg Utzig

2.5 Hydrological Regime

Based on a water-monitoring report from the Columbia Basin Trust (Carver 2017), the

East and West Kootenay areas have had a rise in mean annual temperatures from 0.7

to 1.7°C over the last century, as well as increased frequency in high-volume rain

events and extreme high-temperature periods. Continued shifts like these will result

in smaller snow packs due to more precipitation falling as rain, and more glacial melt

due to longer and more extreme high temperature events. The result for the

watersheds will be lower groundwater tables, more regular and pronounced drought

periods, and changes to peak spring flow events (Figure 2.4-5).
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Changes to stream flow volumes and seasonality are the biggest hydrological shifts

observed in the region, though there are several factors contributing to these

changes. Despite average annual precipitation increasing over the last 100 years, there

is lower annual runoff from the catchments in the West Kootenay region. Earlier

warming spring temperatures lead to earlier glacial melt freshet, while higher

summer temperatures lead to earlier and more significant water losses due to

evapotranspiration (combined water losses through evaporation and transpiration of

plants).

Figure 2.5-1. Recorded and projected shifts in seasonal precipitation in the West Kootenay Region,
—--------------using a modelled parameter accounting for conservative mean values based on RCP 4.5
—--------------and RCP 8.5 climate models. Seasonal precipitation indicated by colour and shape.
—--------------© Greg Utzig

Up to 65% of precipitation falls as snow in Castlegar, which produces the majority of

melt contributing to the spring freshets in this region (Schnorbus, Werner, and

Bennett 2014). Over the second half of the 20th century, snowpack decreased by 24%
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in the southern portion of the West Kootenays. Earlier snowmelt results in shifts to the

vegetation communities from changes in soil moisture regimes. While increases in

winter precipitation are expected in years to come, this region will see less

precipitation fall as snow, resulting in earlier spring freshet and reduced flow in late

summer. Compounding the seasonal shortage of flow will be decreases in summer

precipitation, also contributing to lower flows. (Carver 2017).

Between the years 1985 and 2013, almost 23% of glacial cover for the study area

disappeared. The meltwater from glaciers in the West Kootenays can account for up

to 35% of late summer and early fall flows (Jost et al. 2012 in Carver 2017). Rapid glacier

melt will continue to occur through warm temperatures and reductions in snowpack,

as less snow means less insulation for glacial ice (Carver 2017). Because of the impact

of earlier glacial melt on groundwater storage, late summer flows are much lower

than previously observed. This trend is projected to continue, in part from lower

snowpack accumulation. (Carver 2017).

3. Ecological Descriptions
3.1 Forest Structure

Many of the forests in the study area have a long legacy of timber harvest and fire

disturbance. These events have occurred across multiple ecosystems within this area,

resulting in complex regeneration patterns occurring within small areas. Some factors

that influence the ways in which the forests have re-established over the past century

include the original species present, environmental conditions before and after the

disturbance event, time since event, climate, geology, topography, proximity to

development, and restoration and conservation efforts (Pojar, Klinka, and Meidinger

1987). The severity and uniformity of the disturbances (fire, disease, insect infestation,

etc.) also influence the type and availability of regeneration materials present, and

therefore help determine the recovery strategy of the communities following the

event (Carbone and Aguilar 2016). Landscapes reflect the combination of primary and
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secondary successional development that has resulted in a mosaic of various tree

species, forest density, vertical structure, and health conditions.

In early successional forests of the West Kootenays, there are often single and

two-tiered canopies dominated by young seral (early development) coniferous

species. Early/young seral deciduous species also occupy these early successional

stands until they are outcompeted by the coniferous species, which develop into the

main canopy and eliminate the direct light necessary for the deciduous species to

thrive. These young forests usually have very low ground cover in the shrub, herb, and

bryophyte (mosses and liverworts) layers due to canopy shading. The tree layer is

typically dense with a closed canopy.

After canopy closure occurs, forests of this region transition towards their more

mature stages, starting with stem exclusion. This successional stage is when the

density of early seral species is higher than the carrying capacity for the system (due

to finite growing space), thus the strong survive and outcompete the individuals with

less effective strategies, physiology, and/or ecology. At this point, the canopy begins to

open up, allowing for increased growing space and more light to reach the ground. In

the understory, the next cohort of shade-tolerant seedlings of the climax (late

development) species has already been established. This forest development stage is

now characterized by a three-or-more tiered tree canopy wherein three or more

distinct vertical layers exist. The shrub and herb layers also develop from the newly

accessed light on the ground. With this increase in growing space, the tree seedlings

in the understory will continue to grow and slowly recruit into the intermediate and,

eventually, the co-dominant and dominant canopies.

As succession progresses, the early seral species will be outcompeted by the climax

species. These shade-tolerant climax species will continue to grow from the

understory into the dominant canopy, and outcompete the seral species for space,

light, and soil moisture and nutrients. Often this process can take many decades, as

seral species such as Douglas-fir and western larch can maintain dominance in the

canopy for long periods of time before being outcompeted by western hemlock and

western redcedar.
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In the lower elevations of the ICH zone in the West Kootenays, Douglas-fir

(Pseudotsuga menziesii), western larch (Larix occidentalis), western white pine (Pinus

monticola), grand fir (Abies grandis), paper birch (Betula papyrifera), and trembling

aspen (Populus tremuloides) are the early seral species on zonal sites, associated with

intermediate moisture and nutrient regimes. Soil moisture regime (SMR) is the

capacity of soil to hold moisture and supply it to plants, whereas soil nutrient regime

(SNR) is the relative concentration of essential soil nutrients available to vascular

plants over several years (Pojar, Klinka, and Meidinger 1987). Mature stands are

composed mostly of western hemlock (Tsuga heterophylla) and western redcedar

(Thuja plicata), but mesic (moderate moisture) sites with high exposure and dry sites

can include Douglas-fir and western white pine.

In the ESSF zone, early and late seral and climax successional stages are less distinct

with respect to species composition. Both Engelmann spruce (Picea engelmannii)

and subalpine fir (Abies lasiocarpa) can dominate in various successional stages of

forest regeneration. Variable amounts of lodgepole pine can also occur in earlier

successional stages of forests in the ESSF zone. Western hemlock, western redcedar,

western white pine, Douglas-fir, and western larch are often found in ESSF forests at

lower elevations in the transition zone between the ICH and ESSF units, while

whitebark pine (Pinus albicaulis) and subalpine larch (Larix lyallii) can occur in ESSF

forests on dry sites, usually at higher elevations.

3.2 Vegetation Potential (based on MacKillop & Ehman 2016)

VERY DRY WARM INTERIOR CEDAR HEMLOCK (ICHxw)

The lowest elevations of the focal area are host to the very dry, warm subzone of the

Interior Cedar Hemlock zone (ICHxw). Here, the climax tree species on mesic and drier

sites is Douglas-fir, and on dry sites it is ponderosa pine (Pinus ponderosa). These

species often occur in dense, closed-canopy forests with occasional regeneration of

western hemlock, western redcedar, and grand fir on zonal sites. Lodgepole pine

(Pinus contorta var. latifolia) can also be found in seral stands on similar sites, while
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western larch and western white pine are found on zonal and more moist sites along

with western redcedar, western hemlock, and grand fir. Paper birch and trembling

aspen are also often common components of seral stands on dry to moist sites.

Western redcedar and western hemlock are the dominant species in forests on wet

sites. The understory shrubs that dominate zonal sites of the ICHxw are beaked

hazelnut (Corylus cornuta), Douglas maple (Acer glabrum), Oregon-grape (Mahonia

aquifolium), oceanspray (Holodiscus discolor), mallow ninebark (Physocarpus

malvaceus), and sometimes common snowberry (Symphoricarpos albus) and

mock-orange (Philadelphus coronarius). On wetter sites, lady fern (Athyrium

filix-femina) and oak fern (Gymnocarpium dryopteris) grow with black huckleberry

(Vaccinium membranaceum), western yew (Taxus brevifolia), wild ginger (Asarum

caudatum), and foamflower (Tiarella trifoliata). On saturated soils, skunk cabbage

(Lysichiton americanus) and horsetails (Equisetum spp.) can grow in abundance, but

these communities are rare.

KOOTENAY DRY WARM INTERIOR CEDAR HEMLOCK (ICHdw1)

Below the higher elevations of the ICHxw are forests in the Kootenay variant of the Dry

Warm Interior Cedar Hemlock subzone. This productive ecotype has among the

highest species richness of trees in the province, producing mixed stands of western

redcedar, Douglas-fir, western hemlock, lodgepole pine, grand fir, western white pine,

western larch, ponderosa pine, paper birch, trembling aspen, and black cottonwood

(Populus trichocarpa). Here, zonal sites are dominated by western redcedar and/or

western hemlock in climax stands. Western larch, Douglas-fir, western white pine,

lodgepole pine and grand fir are common in stands of all ages, while lodgepole pine,

paper birch, and trembling aspen can be abundant in earlier seral stages. Many large

areas dominated by Douglas-fir and western larch have resulted from human-caused

fires in the early 1900s. Very few old-growth stands remain in this subzone due to the

combination of easy access (elevation and topographical location—valley bottoms),

and high productivity (high timber value in the area). In the ICHdw1, the dominant

species in the shrub layer are falsebox (Paxistima myrsinites) and black huckleberry.

The common herbaceous plants in this subzone are queen’s cup (Clintonia uniflora),

twinflower (Linnaea borealis), and prince’s pine (Chimaphila umbellata). The moss
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layer is distinguished by the presence of pipecleaner moss (Rhytidiopsis robusta).

Submesic sites have a lower proportion of western hemlock, and a higher lodgepole

pine, western larch, paper birch, and ponderosa pine content. On the driest sites of

this subzone, ponderosa pine is commonly found, western redcedar is rare, and

western hemlock is very uncommon. These dry sites typically have shrub

communities dominated by birch-leaved spirea (Spiraea betulifolia), soopolallie,

Douglas maple, Oregon-grape, falsebox, and baldhip rose (Rosa gymnocarpa). In wet

sites, western redcedar and western hemlock dominate the canopy, while lady fern,

oak fern, and foamflower are common in the understory.

YMIR MOIST WARM INTERIOR CEDAR – HEMLOCK (ICHmw4)

Bordering the ESSF zone, this subzone of the ICH is the highest elevation. There is

high tree diversity and productivity in the ICHmw4. Zonal sites (intermediate moisture

and nutrients) in climax successional status are made of western hemlock and Cw.

The understory of these climax stands are dominated by black huckleberry,

foamflower, queen’s cup, falsebox, and pipecleaner moss. Mid-seral stands

(intermediate between early and late successional status) are common, and are of

Douglas-fir, western hemlock, western larch, western redcedar, and occasionally,

lodgepole pine and Pw. At lower elevations where the ICHmw4 meets the ICHdw1,

grand fir can be found. At the upper limit of this subzone, where the ICHmw4 meets

the ESSF, both Engelmann spruce and subalpine fir can occur. Dry sites in the

ICHmw4 have higher western larch, lodgepole pine, and Douglas-fir composition, and

lower western redcedar and western hemlock presence in the canopy. The understory

of these drier sites have saskatoon (Amelanchier alnifolia), kinnikinnick

(Arctostaphylos uva-ursi), birch-leaved spirea, common juniper (Juniperus

communis), bear grass (Xerophyllum tenax), and pinegrass (Calamagrostis

rubescens). Wetter sites in this subzone can be found with western redcedar and

western hemlock dominating the overstory, with lady fern, oak fern, horsetail and

devil’s club (Oplopanax horridus) in the understory. In early seral stands, paper birch

and trembling aspen are usually abundant, while few individuals may be present as

remnants in later successional forests.
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SALMO WET HOT ENGELMANN SPRUCE – SUBALPINE FIR (ESSFwh3)

This BEC unit is the transitional ecosystem between the ICHmw4 and ESSFwm3. In

this ecotype, Engelmann spruce, subalpine fir, western redcedar, and western

hemlock are usually present in the dominant canopy of zonal sites. On drier, more

exposed sites with warm aspects, the dominant overstory is composed of Douglas-fir,

western larch, lodgepole pine, and subalpine fir occupies the understory. Typical

understory shrub and herb composition for zonal sites includes black huckleberry,

Utah honeysuckle (Lonicera utahensis), white-flower rhododendron (Rhododendron

albiflorum), queen’s cup, one-leaved foamflower (Tiarella unifoliata), and five-leaved

bramble (Rubus pedatus). Oak fern can be found in wet areas of zonal sites. There is a

mosaic of fire history within this subzone due to the heterogeneity of disturbance

intensity. Both stand-replacing and moderate-severity fires occur in the area:

Douglas-fir, western larch, and western redcedar are the species regenerating on

slopes connected by topography to lower-elevation warm-aspect slopes of the ICH,

where moderate intensity fires occur; high severity fires leave a legacy of lodgepole

pine. Areas dominated with lodgepole pine are found with high mortality from the

mountain pine beetle, leaving large, uniform stands with lots of deadfall and

well-developed understories. The understory of these communities on drier, warmer

sites are dominated by black huckleberry and falsebox. Bear grass is found on

submesic to dry sites. Sitka valerian (Valeriana sitchensis), false hellebore (Veratrum

viride), and mitreworts (Mitella spp.) occur throughout the ESSFwh3, whereas tall

bluebells (Mertensia paniculata) and heart-leaved spring beauty (Claytonia cordifolia)

occur only in moist riparian areas and slide paths. Sitka alder (Alnus sitchensis)

dominates ground cover in open, disturbed areas such as roadsides and slide paths.

While western redcedar and western hemlock exist regularly in this subzone, they are

typically found as codominant, or suppressed by Engelmann spruce, subalpine fir,

Douglas-fir, and western larch.

YMIR WET MILD ENGELMANN SPRUCE – SUBALPINE FIR (ESSFwm3)

This BEC unit exists between the lower ESSFwh3, and the upper ESSFwmw. In this

subzone, subalpine fir and Engelmann spruce are the primary species in zonal sites.
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Lodgepole pine and whitebark pine also grow in this area, on the drier sites. Alpine

Larch (Larix lyallii)occurs on cold, rocky slopes in this ecozone. Western redcedar,

western hemlock, Douglas-fir, and western larch are typically not present in this

subzone, but can exist at low densities in the understory of the ESSFwm3. Bl grows in

the understory of most of this subzone, with small amounts of Engelmann spruce.

The understory also includes shrubs and herbaceous plants such as black huckleberry,

white-flowered rhododendron, and Utah honeysuckle and mountain-ash (Sorbus

spp.) in lower abundance. Woodrushes (Luzula spp.), ragged-mosses (Brachythecium

spp.), and bracted lousewort (Pedicularis bracteosa) are usually present on the

ground layer of most sites. Leafy liverworts (order: Jungermanniales), heron’s-bill

mosses (Dicranum spp.), bear grass, and sometimes littleleaf huckleberry

(bilberry/grouseberry; Vaccinium scoparium) occur on drier sites. In mesic to wet sites,

Arnicas , false hellebore, Brewer’s miterwort (Mitella breweri) and one-leaved

foamflower are usually present; bear grass also grows, but in low relative abundance in

these mesic to wet sites. In very wet sites, leafy mosses (Rhizomnium spp.),

arrow-leaved groundsel (Senecio triangularis), globeflower (Trollius spp.), Canby’s

lovage (Ligusticum canbyi), and Sitka valerian are the dominant species present.

4. Ecosystem Benefits
While there are many definitions of an ecosystem, this paper discusses the concept as

a natural web of interconnected processes and energy transformations composed of

communities of flora and fauna that interact with their environment, together

functioning on a landscape over time (Currie 2011; Odum 1969). With recent

recognition of the permanent, and sometimes catastrophic, implications of

anthropogenic climatic shifts, the concept of an ecosystem is being challenged by

those studying alternative stable states (Scheffer, Carpenter, Foley, Folke, and Walker

2001).

Processes essential for ecosystem function in these forested and montane landscapes

of the study area include photosynthesis, respiration, decomposition, soil formation,

primary and secondary production, nutrient cycling, and many others (Currie 2011).
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Abiotic factors greatly influence these processes, and the resulting ecosystem

function of an area; the influence of climate, topography, geology, and other factors on

function is dependent on how they impact functional and taxonomic (species)

diversity (Cadotte, Carscadden, and Mirotchnick 2011). Biotic and abiotic interactions

together create a functioning natural system with inputs, energy webs, and outputs.

The outcomes of these interactions determine the health of the landscape, and the

ability of ecosystems to support animals, plants, natural processes, and human

benefits.

While the term ecosystem services creates a skewed anthropocentric view of natural

systems, it is the term selected for this document, as it is a management tool with a

vast base of supporting literature. The term ecosystem services associates an

ecosystem’s values with industrial and colonially human-derived worth, which

dissociates from the inherent worth of nature. This section will describe a selection of

commonly used and valued benefits associated with the ecosystems of the West

Kootenay region. While there is a thorough exploration of goods, services, and

inherent natural values in this report, it is not comprehensive of all the values

associated with natural areas in the West Kootenay area. There is no all-encompassing

method to describe a forest’s cultural or spiritual values, as this is a subjective measure

experienced differently by individuals and their cultures. Additionally, the dynamic

and intricately interrelated components of ecosystems that together synergistically

create natural beauty, longevity, function, wisdom, and spirituality cannot be

described in sufficient detail to capture the values that each person associates with

natural landscapes.

4.1 Community Watershed Summaries

4.1.1 Glade Watershed

In both the lower and upper portions of the Glade watershed, there is a legacy of

timber harvest associated with the past century of forestry activities in the area. Lots

of the lower forests have regenerated naturally, and are composed of Douglas-fir,
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western redcedar, and western hemlock. In the intermediate elevations of the

watershed, western larch becomes more prevalent. In the subalpine areas of the

drainage, lodgepole pine has been planted in the newer harvested areas with a small

component of subalpine fir and Engelmann spruce. There are large stands of dense

lodgepole pine that are in the stem-exclusion stage following regeneration and

establishment after fires. In the high subalpine, at the top of the tree line, whitebark

pine can be found growing in the rocky upper and crest slope positions, while

subalpine larch can be found just below those areas. Large areas of old Engelmann

spruce and subalpine fir are intermediate between the fir, cedar and hemlock stands

and the subalpine larch, subalpine fir stands.

This watershed is headed by montane terrain with very exposed granodiorite

(granite-like) rock, where there is lots of colluvium (rocks and sediment moved by

gravity) deposited below steep bluffs. There is very low relief relative to the flat

subalpine meadows that lie below. Here, water percolates through thick, rich soils, but

does not stay in this system for long. There are a few small drainage channels where

water funnels into the headwaters of the main creek channel that flows down

through the watershed into the Kootenay River.

4.1.2 Laird Watershed

The Laird watershed is headed by rocky alpine ridges surrounding small eutrophic

(old, shallow) lakes. This area is also dominated with tall granodiorite rock outcrops

that collect colluvium where their relief decreases as it meets the soil matrix. Soil is

present in small areas, where western larch, subalpine fir and whitebark pine grow.

There is significant coverage of open grass ecosystems at these transitional

alpine-subalpine areas. Where there is sufficient drainage and snow-shedding

capacity, short subalpine fir and larch trees are found growing consistently, at low

densities. Some spruce hybrid trees can also be found, but are in low relative

abundance. As elevation decreases towards the drainage areas and lakes, there is

more spruce observed.
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Due to the steep slopes and inaccessibility to this watershed, evidence of forestry and

other anthropogenic disturbances is less frequent than in Glade. Recent forest

operations over the last few decades have left developed and deactivated roads and

re-plantations. A large swath of land in the south-eastern portion of the drainage has

been harvested and replanted with lodgepole pine, larch, Douglas-fir, and spruce. The

most recent harvest occurred in the southwestern area of the watershed at low

elevations near the convergence of the Laird Creek to the Kootenay River. Today, there

are several newly proposed blocks on a new constructed road up the NE side of the

lower elevations in this watershed.

4.2 Provisioning Services

4.2.1 Drinking Water

The United Nations lists drinking water as a human right, declaring that everybody

has the right to access safe, acceptable, accessible, sufficient, and affordable water for

domestic use (UN-Water 2021). In the study area, eight community conservation

groups form the Columbia Basin Water Quality Monitoring Project (CBWQMP). They

are the Arrow Lakes Environmental Stewardship Society, East Shore Freshwater

Habitat Society, Elk River Alliance, Mainstreams Environmental Society, Salmo

Watershed Streamkeepers Society, Slocan Lake Stewardship Society, Wildsight

Golden, and Wildsight Regional. These groups monitor local streams for flow volumes,

water chemistry, and temperature parameters year-round, in addition to using the

Canadian Aquatic Biomonitoring Network (CABIN) protocols for assessing physical

and chemical stream characteristics on an annual basis (Carver 2017). The purpose of

this monitoring is to compare water quality in community watersheds where

industrial forestry has occurred to those without recent logging history (Figure 4.2.1-1).

This monitoring enables both industrial and conservation efforts to support water

quality and overall watershed health.
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Figure 4.2.1-1. Step-pool reach of perennial tributary of Anderson Creek downstream of timber harvest
operations close to Nelson, BC; Red osier dogwood (Cornus sericea), Devil’s club (Oplopanax
horridus), and western redcedar (Thuja plicata) in the foreground. © Arlo Bryn-Thorn

4.2.2 Biodiversity

Taxonomic and functional diversity both contribute to proper functioning of an

ecosystem; species present in a community, and their functional roles are both

influential on the overall functioning of the natural systems in which they exist (Tilman

et al. 1997). In general, the more species present, the more functional diversity an

ecosystem holds; however, that is not always the case (Mouillot, Graham, Bastien Villé

Ger, Mason, and Bellwood 2013; Naeem, Thompson, Lawler, Lawton, and Woodfin

1995). In some cases, there may be many species that share an ecological niche in

which there is low functional divergence between the species (Strahan et al. 2017).

When considering biodiversity, both concepts of diversity must be considered in order
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to truly capture the impact of conservation, restoration, and management decisions

(Cadotte et al. 2011).

In old-growth forests, there is higher biodiversity relative to younger forests because

the structural complexity provides more variable habitats (Trofymow, Stinson, and

Kurz 2008). These communities are comprised of many different taxa filling those

ecological niches; that complexity contributes directly to ecosystem resilience

(capacity for a system to retain function and structure following a disturbance),

resistance (capacity for a system to resist shifts in structure and function during a

disturbance), and overall function (Holling 1973; Walker, Holling, Carpenter, and Kinzig

2004).

In the lower elevations of the study area, there is a higher species richness of trees

than any other ecozone in BC (BCMOF 1996). This species richness provides diverse

contributions of physical, chemical, and ecological resources that support many

different organisms and essential processes for natural function.

4.2.3 Sustenance and Foraging

TREE FOLIAGE

The diversity of tree species in this region produce a variety of natural tissues that have

high-value botanical uses. Many of the tree species found in this region are used for

ornamental foliage, essential oil extraction, and medicinal purposes. Extracts from

western redcedar, for example, are used as fragrances in perfumes, active ingredients

in insecticides, and fragrance and therapeutic ingredients in soaps and cosmetics.

Foliage from western redcedar is also used as an ornamental crop by florists. Another

example is the bark of Pacific yew, which has been used for medicinal compounds in

cancer treatments for over two decades. Many other tree species are used for

preparation of cosmetic and medicinal products as well as decorative materials.
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MUSHROOMS

There are over 40 species of mushroom that are commercially harvested in British

Columbia (Berch and Cocksedge 2002). There are at least 17 species of edible

mushrooms that are commercially harvested in the West Kootenay region, with an

additional 53 edible species of fungi in the region that are foraged recreationally,

including Boletes (FIgure 4.2.3-1; Ehlers 2022). There are nine species identified as

medicinal and two other species that can be used for producing natural dyes. There

are an additional two species that are considered both medicinal and edible, one of

which can also be developed into a dye. From this list of 84 fungi species that are

found in this region and have recognized anthropogenic uses, 22 of them are

commonly harvested (Ehlers 2022). More information can be found in Mushrooms to

Look For in the Kootenays (McBride and Ehlers 2015).

Figure 4.2.3-1. Huckleberry (Vaccinium spp.) in the foreground, Engelmann spruce (Picea
Engelmannii) in the background and False-polytrichum (Timmia austriaca) surrounding a

Boletes (Boletaceae family) fruiting body  © Arlo Bryn-Thorn
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BERRIES

Many of the shrub species that grow in this region produce edible berries;

thimbleberry (Rubus parviflorus), bilberry (Vaccinium scoparium), black huckleberry

(Vaccinium membranaceum), elderberry (Sambucus racemosa), black gooseberry

(Ribes lacustre), Utah honeysuckle (Lonicera utahensis), Twinberry (Lonicera

involucrata), Soopalallie (Shepherdia canadensis), and saskatoon (Amelanchier

alnifolia) are some of the species that produce the most palatable and useful berries.

Many of these species have been foraged since time immemorial by Indigenous

peoples on these lands for sustenance and medicine. The resources for foraging on

these lands vary by ecotype, and are prolific in some areas.

ROOTS SHOOTS/FLOWERS

According to local ecologist, botanist, herbalist, and author Keith Davis, there are at

least 124 medicinal plants in BC with known applications, most of which grow in the

Kootenays. These plants are used for salves, balms, powders, tinctures, and poultices.

Many of the flowers, roots, and young leaves and shoots are also edible. Some of them

must be prepared by cooking, curing, or fermenting. Indigenous peoples of the lands

have used many local plant species for medicines, dyes, foods, and preservatives since

time immemorial.

4.2.4 Wood Products

Domestic log markets in BC are volatile, as they depend on local and international

demand for wood products, including dimensional lumber, poles, veneers, plywood,

engineered wood products, pulp and paper products, etc. The demand for these

products varies, and the price is therefore very elastic in response to the variable

demand. The following subsections of wood products outlines the prices for specific

products sold to licensees and sawmills based on the average selling prices from July

to September 2021 in British Columbia.
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SAW LOGS

Saw logs are sold and milled in BC to develop timber products such as posts, beams,

and dimensional lumber. This log sort includes most of the merchantable timber

felled and sold in British Columbia’s interior log market, making up 84% of the volume

of logs (British Columbia Ministry of Forests Lands and Natural Resources Operations

and Rural Development, 2021). The most common species group, making up the

majority of the volume of Sawlogs, is the Spruce-Pine-Fir (SPF). Logs in this species

group are from spruce (Engelmann spruce x white spruce hybrids – in the Kootenay

region), pine (lodgepole, and western white in this region), and “balsam [sic]” fir, which

refers to species in the Abies genus such as A. lasiocarpa and A. grandis in this region.

The SPF group sells by the log at approximately $129 per cubic meter (m3). The group

called Df-Larch is composed of Douglas-fir and larch logs; saw logs in this group sell

for approximately $144/m3. Hem-bal is composed of Western hemlock and “balsam

[sic]” fir, and makes up a very small proportion of the volume of sawlogs sold; Hem-bal

logs sell for $111/m3. Cedar saw logs account for the lowest volume within the species

groups for this sort, but are by far the most valuable, selling at $215/m3.

PEELERS

Peelers are logs sold to develop value-added wood products made of thin layers of

wood. This includes plywood, laminated wood products, and finished furniture, trim,

and hollow doors with veneer finishes. This sort only accounts for 2% of the volume of

logs sold. The spruce-pine-fir (SPF) species group accounts for just less than half the

volume sold in this sort, costing $170/m3. The Df-Larch group makes up more than half

of the volume in this sort, and sells for $154/m3.

PULP

Pulp is the lowest grade of timber sold in BC, and is made of very low-quality logs with

defects such as knots, sweep, and checks (radial cracks). The fiber in this log sort is

ground down as used for products such as fibreboard, cardboard, paper products, and

chips/mulch. Pulpwood accounts for 11% of the log volume milled in BC’s interior
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market. The SPF and Df-Larch species groups sell by the log at $45/m3, while Hem-bal

sells at $44/m3.

4.3 Regulatory Services

4.3.1 Wildlife Habitat

There is a wide variety of habitat in the study area, including closed-canopy coniferous

forests, open-canopy mixed forests, rivers, lakes, cliffs, talus, wetlands, and alpine and

subalpine environments, all of which host numerous diverse microsite-level habitat

conditions.. Even a frequently moist rock can be host to multiple organisms (Figure

4.3.1-1). The driest forests at the valley bottoms of the study area have a

disproportionately high density of species-at-risk given the small area. This area also

has many taxa that depend on contiguous forests and aquatic features. Mammals

and birds use trees (snags) for roosting, nesting, and denning. Riparian areas and

wetland habitats are common refugia for several invertebrates, gastropods,

amphibians, and some birds. Many species-at-risk, including reptiles, mammals, and

birds breed in rocky outcrops, and on talus slopes and cliffs. Critical winter range for

ungulates falls within the very dry, warm parts of the study region. Many at-risk

vascular plants also grow in the study area (MacKillop and Ehman 2016).
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Figure 4.3.1-1. Juniper haircap moss (Polytrichum juniperinum) growing in the crack of a rock
housing a Rhizocarpon crustose lichen species. © Arlo Bryn-Thorn

Mining, forestry, production of hydro-electricity, and urbanization are all stressors on

wildlife habitat in this region (Ministry of Environment 2013). When combined with

shifting hydrological regimes, changes to the seasonality and variability of

temperature and precipitation, and the consequential alterations to microclimate,

anthropogenic stressors can be extremely detrimental to wildlife habitat.

Raptors in this region that are at risk include the Peregrine Falcon and the Northern

Goshawk (Ministry of Environment 2013). Cavity-nesting species at risk include Lewis’s

Woodpecker and Western Screech-Owl. The Great Blue Heron is also under pressure

in this region due to loss of habitat from urbanization of deciduous forests on valley

bottoms near water bodies, which is their preferred habitat. Grassland bird species

such as the Short-eared Owl, Long-billed Curlew, Bobolink, Common Nighthawk, and

Barn Swallow are also found in this region. In riparian areas and wet meadows, species

at risk include the Western Grebe, Double-crested Cormorant, American Avocet,
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American Bittern, Sandhill Crane, Forster’s Tern, and Yellow-breasted Chat. There are

many different bird habitats supported by this region, and as such, there are diverse

species present, which must be protected through the preservation and conservation

of their habitats (MacKillop and Ehman 2016)

Mountain goats live in the study area year-round; they migrate seasonally to ensure

food availability. In late fall they are known to move from their open alpine and

subalpine habitats of the IMA and ESSF towards lower-elevation southern exposure

ICH forests (Poole and Mowat 1997). They tend to spend the winters in the ICH zones.

Moose are most abundant, and easy to recognize in open areas such as avalanche

paths, burned areas, and cutblocks (Stent 2012). According to Timmerman and

Rodgers (2017), the most prevalent drivers of decreasing populations of moose, in

order of magnitude, are: parasites and disease, predators, natural habitat loss,

unregulated harvest, warmer summers/winters, and increased vehicle access. These

impacts can act cumulatively, and must be considered together for sustainable

natural resources management.

Populations of grizzly bears have halved in western Canada since the 1800s, which has

been attributed to human disturbance and activity that promotes human access to

their remote habitats (Environment Canada 2012). In the last decade, grizzlies were

reassessed by COSEWIC as a species of special concern, for the western population

(COSEWIC 2012). This COSEWIC report also describes the declining numbers due to

genetic fragmentation, in which populations are becoming isolated due to habitat

and migratory corridor disturbances (2012). Because this is an umbrella species, the

conservation of their habitat is not only crucial for grizzlies, but also for species whose

survival are mediated and supported by the success of grizzly populations.. Suitable

habitat for this species must be protected by ensuring that undisturbed and

continuous swaths of land exist where industrial, residential, and urban activities and

development are limited. Development of resorts, recreational areas, and urban

development that encroach on critical grizzly habitat must be considered with great

caution.
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4.3.2 Riparian and Aquatic Features

Riparian zones are the terrestrial areas directly connected, either hydrologically or

ecologically, to an adjacent water feature (Naiman, Bilby, and Bisson 2000). These

zones in headwater ecosystems are especially important for ecosystem function, as

the riparian areas of these hydrological features determine their energetic, biotic, and

environmental conditions with larger influence, relative to bigger streams (Figure

4.3.2-1; Wipfli, Richardson, and Naiman 2007). These headwater streams can account

for up to 80% of total stream length in a watershed (Richardson 2019), and yet they are

still poorly protected by current forest policy in British Columbia (Desroches 2007;

Tschaplinski and Pike 2009).

Riparian areas and wetlands host biogeochemical processes that enhance water

quality, sequester carbon, and regulate our climate (Farber et al. 2006). These

ecological functions provide numerous benefits to both the biota supported by them

and to the overall health of the landscape in which they occur (Figure 4.3.2-1). The

resulting benefits that humans accrue are essential for our survival: clean drinking

water, clean air to breathe, and environmental conditions suitable for sustenance and

growth (An and Verhoeven 2019). As anthropogenic stressors increase in frequency

and magnitude, riparian and wetland ecological processes supported by biodiversity

and function become more important to preserve (Land, Tonderski, and Verhoeven

2019).

Through repeated instances of insufficiently protecting freshwater systems from

industrial forestry and other resource use (Moore, Spittlehouse, and Story 2005), it is

important for communities who depend on their watersheds for benefits and services

such as drinking water, hydrological power, and climate regulation to know the values

that are at risk when natural resource operations occur within their watershed. When

risks are not adequately assessed, large-scale failures such as landslides, flooding, and

contaminated water can occur. In order to maintain ecosystem function through the

many ecological processes supported by wetlands and riparian areas, management of

these watersheds must prioritize ecological function over use-values and profit. By

considering the multiple benefits and services associated with landscape features
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such as riverine and wetland systems, more sustainable and responsible land

management is possible.

BANK STABILITY

Riparian vegetation is an integral part of an ecosystem not just for contributions to the

nitrogen, carbon, and oxygen cycles of soils and streams (see below; Grizzetti,

Lanzanova, Liquete, Reynaud, and Cardoso 2016), but also for the physical control of

bank erosion through intact root systems (Figure 4.3.2-1; Pollen, Simon, and Collison

2004). Through light interception, capture of runoff sediment, and provision of bank

slope structure, riparian vegetation protects streams from excess sunlight,

over-producing algae, and the soil from eroding and impacting the freshwater

channels (Capon and Pettit 2018). Various strategies of riparian tree buffers within

timber harvest blocks have addressed this requirement to protect small streams

better (Richardson et al. 2012; Tschaplinski and Pike 2009). Throughout the literature,

the integrity of riparian corridors is considered a large determinant on the longevity of

stream system’s ecological and structural condition (Moore et al. 2005)

WATER PURIFICATION

Mechanical and microbial filtration of water is a main process of the soil matrix within

an ecosystem that benefits humans (FIgure 4.3.2-1; Chapin 2009). Through

interception of water-suspended nutrients and minerals, the soil is able to protect

potential contaminants from leaching into stream water (Simon, Bennett, and Neary

2004). Wetlands and continuous, undisturbed riparian forests protect stream systems

from these mineral and nutritional fluxes that can alter biotic interaction and stream

structure (Clinton 2010; Land et al. 2019; Moore et al. 2005; Sweeney and Newbold

2014). Many domestic water sources in the study area are dependent on these surface

water systems. Due to natural filtration from healthy riparian and upland habitats,

these domestic supplies need very little investment in purification systems. By means

of a healthy microbial and fungal community in the soil, plant roots retain good

structure and protect the bank from erosion to prevent sedimentation (Sweeney and

Newbold 2014) and manage the frequency and severity of big erosion events like

landslides.
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The protection of water bodies is essential for forest ecosystem health, as well as the

benefits humans derive from these ecosystems. Water quality depends on several

factors, most of which are influenced by land management decisions due to riparian

structure and function losses (Vesipa, Camporeale, and Ridolfi 2016). In order to

maintain water quality for community watersheds, protection and conservation

practices must focus on riparian forest and wetland protection from adverse impacts

of anthropogenic disturbances like timber harvest and mining.

CLIMATE REGULATION

One of the strongest determinants of stream condition is the function of the riparian

plant communities, especially in small, and headwater reaches (Figure 4.3.2-1; Wipfli et

al. 2007). Functionally and taxonomically diverse communities are robust and can

maintain their natural processes in various conditions (Kominoski et al. 2013).

Ecological processes mediated by the health of riparian vegetation include bank

stability, sediment interception, detrital inputs, temperature regulation, carbon

storage, and nutrient cycling in the soil (Grizzetti et al. 2016). Riparian vegetation

communities are also influenced by factors like precipitation, amount and quality of

runoff water from upland areas, light, air temperature, and soil conditions (Hupp and

Osterkamp 1996).

Soils are also a source of climate regulation, as they are responsible for ecological

processes that influence numerous organisms throughout food webs, including

nitrogen cycling, carbon cycling, breakdown of litter into soil, soil respiration, water

filtration and retention, temperature and moisture regulation, and refugia for small

invertebrates (Currie 2011; Jacob, Viedenz, Polle, and Thomas 2010; Lamb & Mallik 2003;

Tilman et al. 1997).
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Figure 4.3.2-1. (1) Water filtration through interception from wetlands and root systems; (2) nutrient
cycling through detrital inputs into stream, trophic interactions, and fertilization; (3)
temperature regulation through shading from canopy cover; (4) bank stability from intact
root systems, which maintain soil structure in riparian areas. © Nichola Lytle
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4.3.3 Forests

A forest not only provides many use-benefits like timber and non-timber forest

products, in addition to oxygen production through the uptake of atmospheric CO2,

but it also buffers environmental conditions, minimizing extreme temperature and

storm flow events for the soil and streams. Through water consumption by trees,

groundwater levels are maintained and runoff is minimized. Trees also provide

maintenance of microsite conditions through interception of short-wave radiation.

They also absorb that short-wave radiation and in turn, emit long-wave radiation,

which together provide less extreme daily maximum, and daily minimum

temperature fluctuations.

N-FIXATION

Some trees such as birch and alder species, and some shrubs in the Ceanothus genus

and the Fabaceae (pea) family have the capacity to fix organic nitrogen (detritus and

waste products) into inorganic nitrogen that is usable by vascular plants (Figure

4.3.3-1). This nitrogen-fixation reintroduces nitrogen into the soil matrix, which is an

essential macronutrient acquired through the root system that enables plants to

produce energy (Chapin, Matson, and Vitousek 2011). This process is enabled by a

synergistic mutualism between the host plant and Frankia bacteria (Compton,

Church, Larned, and Hogsett 2003). The colonies of bacteria that inhabit the root

nodules of these plants convert soil nitrogen into usable nutrients for producing

chlorophyll and other parts of the photosystems; this N-fixation results in converting

nitrogen-poor soils into nitrogen-rich soils (Naiman, Bechtold, Beechie, Latterell, and

van Pelt 2010), which are more productive for plant growth.

OXYGENATION – PHOTOSYNTHESIS

Photosynthesis is the transformation of CO2 into usable sugars for plants, and the

resulting release of oxygen; it includes two main chemical processes (Figure 4.3.3-1).

One of those processes is light entering the chloroplasts and then that energy is sent

to be transformed into temporary forms of chemical energy (ATP and NADPH;

Lambers, Chapin, and Pons 2008). Carbon dioxide enters the stomata of a leaf, enters

the chloroplast, and is then converted into sugars and starch using the ATP and
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NADPH as part of that carbon-fixation reaction (Chapin et al. 2011); the ‘waste’ product

of this process is atmospheric oxygen, which the majority of organisms depend on for

life on Earth. Through this process, photosynthetic mechanisms in terrestrial and

aquatic plants provide the oxygen that is required for aerobic life on Earth (Chapin et

al. 2011). Not only do vascular plants provide atmospheric oxygen, they also produce

ozone that protects earth from radiation, reduce air temperatures through

transpiration, and reduce air pollutants through gas exchange and dry deposition

(Nowak, Crane, and Stevens 2006).

CARBON SEQUESTRATION AND STORAGE

Through photosynthesis, carbon is fixed in vascular plants and remains stored in the

plant tissues until they slowly decompose back into the soil (Figure 4.3.3-1). The active

fixation of the atmospheric carbon dioxide into living tissues is called carbon

sequestration, as the carbon is being actively converted from the atmosphere (Griffith

and Kiffney 2022). The carbon will then be stored for the remainder of the plant’s life

until it dies and slowly releases the stored carbon into the soil, with small amounts

being released as gasses back into the atmosphere (Berg and McClaugherty 2020).

Through this process, forests are an invaluable resource for reducing some of the

carbon released by anthropogenic activities. The more forest protected from timber

harvest, and managed to reduce risk of wildfire, the more carbon sequestration and

storage is possible from the forests. Carbon stocks in old-growth forests are higher

than those of regenerating second-growth stands, both above- and below-ground;

forests are projected to never return to pre-harvest levels of carbon storage, based on

60-year timber harvest rotations (Trofymow et al. 2008). Diverse forest structure—such

as that found in old growth areas—is one of the best ways to manage for ecosystem

resilience through climate change; high levels of carbon storage in old growth forests

are an essential component of mitigating anthropogenic shifts in climate (Scheffer et

al. 2001; Trofymow et al. 2008).
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Figure 4.3.3-1. (1) Carbon sequestration and storage happens through fixing carbon dioxide into
cellulose and other plant tissues via photosynthesis; (2) atmospheric oxygenation occurs
through the process of photosynthesis, which converts CO2, sunlight, and water into plant
energy and tissues; the leftover product is O2 which is released into the atmosphere; (3)
nodules on root structures of some plants (such as Alnus and Ceanothus species) are formed
by a symbiotic relationship with bacteria (Frankia spp.), which fix organic Nitrogen into
inorganic Nitrogen which is required for plant growth, and made available to plants nearby. ©
Nichola Lytle

4.4 Cultural Services

The concept of community involvement in management decisions for natural

systems has been increasingly recognized as a more sustainable and equitable way to

govern lands and natural resources use (Agrawal et al. 1999). One such management

paradigm has been established to represent local decision-making, local values, and

local benefits: community forestry agreements (Bullock, Hanna, and Slocombe 2009).
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While the decentralization of decision-making is a step in the right direction for more

sustainable land management (Beckley 1998), there still needs to be recognition of

cultural and intrinsic values of an ecosystem.

In this section, physical and psychological benefits associated with ecosystems are

discussed. It is important to acknowledge that the limitation of this section is

significant, as it represents only a colonial and scientific perspective, lacking an

Indigenous perspective that is learned through verbal knowledge and predates the

scientific method and the modern English written language. It is essential for

sustainable ecosystem stewardship to include land management that accounts for

Indigenous knowledge, values, and cultural context. To best manage forested land in

the West Kootenay region, the first objectives should include meaningful consultation

with the Sinixt Peoples in which the free, prior, and informed consent (“FPIC”) process

standards are upheld whenever there are objectives of land use (Gilbert, Tugendhat,

Couillard, and Doyle 2010). This consultation should include recognition of residing as

visitors on the unceded ancestral and traditional lands of the Sinixt Peoples.

4.4.1 Physical Benefits

The West Kootenays have a very active eco-tourism industry, as the area hosts some of

the best outdoor adventure sport terrain in the world (Alcos 2016). In the summer, a

vibrant mountain-biking community is present and has a long history, since the

pioneering years of the sport. Climbing is also a very popular sport in this region,

hosting many well known routes for both sport and traditional climbing, in addition to

bouldering and canyoneering. Ski-touring, ice-fishing, sledding, ice-climbing, and

mountaineering are common in this region over the colder seasons. The West

Kootenays have many camping and hiking destinations that are visited year-round,

although summer is by far the most popular time of year for those activities. Water

sports are prevalent during the warmest months on the large lakes. River kayaking,

canoeing, sailing, and rafting, as well as casual river floats, are common during this

time as well (Figure 4.4.1-1).
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Figure 4.4.1-1. Morning mist at a private canoe-launch spot on a lake in the ESSF BEC zone. © Arlo
Bryn-Thorn

4.4.2 Psychological Benefits

There are many psychological benefits associated with being in nature through

aesthetic, recreational, and cultural values (Des Roches, Pendleton, Shapiro, and

Palkovacs 2021). In a review article, multiple studies have shown that exposure to

green spaces outdoors can lead to lower heart rates (Kondo, Jacoby, and South 2018).

A meta-analysis found similar trends, in addition to lower cortisol levels after exposure

to forested environments (Antonelli, Barbieri, and Donelli 2019). There is also evidence

that exposure to the forest can lower levels of adrenaline and subdue feelings of

anxiety, confusion, and anger (Ochiai et al. 2015). The spiritual and emotional benefits

that are derived from immersion in nature vary greatly by individual, but regardless of

cultural, societal, and ethnic backgrounds, there is great importance on ensuring

pristine nature is accessible for generations to come (Figure 4.4.2-1).
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Figure 4.4.2-1. Raindrop waiting to fall from a western redcedar branch with a red-osier dogwood
backdrop in early fall. © Arlo Bryn-Thorn

5. Conclusion
Our hope is that this report can be used for asset and benefit assessments that will

have a meaningful impact on land-use decisions. With a necessary shift into more

ecologically-oriented land use and management strategies, communities are seeking

tools for responsible and sustainable land management decision-making.

Nature-based plans provide a framework that prioritizes the protection of natural

processes and function, thereby protecting both the inherent- and use-values

associated with intact ecosystems for generations to come. By enacting practices that

exceed BC’s environmental legislation standards, land owners and managers can

maintain resilient ecosystems that stand the best chance at adapting to new climatic

norms and variability. Through the acknowledgement of many benefits and resources
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that are often ignored in land-use planning, more realistic and all-encompassing

strategies to maintain ecosystem function will be possible. In order to best protect the

drinking water, clean air, aesthetic and cultural significance, recreation, and use-values

associated with the forests in the West Kootenay area, nature-directed stewardship

should be considered.
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