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1.1

1.2

I. INTRODUCTION

Natural Resource Inventory: A Tool for Land Use Planning

The basic requirements of food and shelter make all people
completely dependent on the ultimate resources: land and water.
Human population growth and changes in lifestyles have brought ever
increasing demands for the earth's natural resources including
energy, water, food, and building materials. It has becone evident
however, that the supply of these resources is limited. Even the
"renewable resources" such as wood and water can only be supplied in
quantities determined by the sustainable production capacity of the
Tand base. If the yields of the resources are to be maximized
and/or sustained, there has to be more consideration given to
determining the productive potential of land for various uses, and
developing land management plans which optimize land use over the
long term. The land manager has to recognize the interaction
between resource sectors and guard against maximizing the production
of one resource while destroying another.

The first step in formulating any long-term management plan is an
inventory of what resources exist in an area including their:
quantity, quality, spatial distribution and ecological
relationships. From this basic inventory data the capability and
suitability for various resource uses are recognized, and a range of
management options are formulated. The political process then
determines which options suit societies' needs best (adapted from
Utzig 1978). :

Recent Land Use Conflicts in the Argenta-Johnson's Landing Watersheds

The continuing demand for timber from British Columbia and the
Kootenay Lake Timber Supply Area in particular is a recognized
fact. However, simultaneously residents of the Argenta-Johnson's
Landing area are utilizing water flowing from these watersheds for
both domestic and agricultural needs. Until recently, timber stand
ages and economics of harvesting have made the area less than
attractive for timber development, except on a very limited basis.

In 1971 Kootenay Forest Products Ltd. (now a division of BC Timber
Ltd.) in Nelson, announced plans to harvest timber in Carter Creek,
an important water source for some residents of Argenta. The
residents were legitimately concerned that road construction and
timber harvesting might adversely affect their water supply. In
addition, concerns were raised regarding social issues such as the
safety of log-hauling through the community and the long-term
development plan for the Argenta-Johnson's Landing watersheds as a
whole. The conflict in Carter Creek was slowly resolved, some
logging proceeded, and water continued to flow.
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The issue did force the community to realize that even they were not
remote enough to escape development. The community pressured the
Ministry of Forests to accept further public involvement and the
concept of Regional Planning for the area as a whole, based on
resource inventory data of suitable precision and reliability (i.e.,
the "folio system" plus minimum data standards). The Argenta Folio
Area, as it was then called, included all watersheds flowing into
Kootenay Lake between and including Hamill and Clute Creeks.

Between 1975 and 1980 all available data relating to the resources
of the folio area was compiled by the local residents and the
Ministry of Forests. Upon reviewing the folio maps generated, it
became clear that there were information deficiencies related to
hydrologic regimes, soils, timber, and vegetation. In 1980 Kootenay
Forest Products Ltd. and the Ministry of Forests initiated studies
to upgrade information related to hydrology, timber, soils, and
vegetation of the area. These involved the establishment of cruise
strips and preliminary road corridors by Kootenay Forest Products
Ltd. and terrain mapping and hydrologic sampling by the Ministry of
Forests.

1.3 0Objectives and Terms of Reference

After review of the 1980 work, early in 1981 the Ministry of Forests
decided to expand the program to a point that logging development
could begin in the near future. The 1981 program included:

1) Hydrology study to establish base line hydrologic data,
provide information for development planners and evaluate
potential impacts on water supplies.

2) Silvicultural study to evaluate timber stands and
recommend silvicultural treatments.

3) Terrain, soil, and vegetation study (described in this
brief report and accompanying maps).

The objectives of the terrain, soil, and vegetation study are listed

below:
1) To provide maps and accompanying descriptive legends of
terrain, soil, and vegetation of the map area (scale
1:15,840)-

2) To provide interpretations of the resource data to aid in
forest management planning and selecting forest
narvesting systems.

3) To provide data and interpretations for assessing
potential conflicts between forest harvesting and water
users.
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The terms of reference are listed below:

1) The study area would include the watersheds draining into
Kootenay Lake between and exclusive of Hamill and Fry
Creeks.

2) Sampling would be most intensive in the subareas
specified by the Ministry of Forests as likely
development areas (see Figure 1.1).

3) Areas above 1 950 m in elevation were to be mapped using
airphoto interpretation and minimal sampling.

4) Maps would be produced at a scale of 1:15,840 and
1:50,000 where applicable.

5) Field work would be 1imited to the 1981 field season and
constrained by available helicopter budget. Data thus
collected would be complemented with 1980 data.

6) Field work would be coordinated with the Regional
Ecological Classification Program and the results
compatible with their classification systen.

7) Road corridors as specified by Kootenay Forest Products
Ltd. were to be examined and evaluated on the ground.

1.4 Guidé to the Study Results

The study results are presented with a variety of formats which are
described below. The majority of the information is displayed in
the map series, however, additional written materials are found in
the report and unpublished data is on file with the Ministry of
Forests.

a) Primary Data Maps: These maps will be of interest to all users
for general information, however, the interpretative maps are
more directly applicable. The primary data maps can be used to
establish new interpretations not presented in the study
(Figures 1.1 - 1.5).

1. Plots and Field Checks (1:50,000); distribution and types
of field samples.

2; Bedrock Geology (1:50,000); distribution and types of
bedrock; diagrammatic cross-section.

3e Biogeoclimatic Subzones (1:50,000); distribution of
subzones,; table of tree species occurrence; diagrammatic
cross-sections.
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Terrain (1:15,840); distribution and characteristics of
surficial materials; genetic material, texture, surface
expression, modifying processes. ‘

Soils and Vegetation (1:15,840); distribution and
Characterization or soils; parent material (terrain),
depth, % coarse fragments, texture, soil development,
nutrient regime, moisture regime, depth of LFH;
distribution and characterization of vegetation, species
1ist, successional stage, Biogeoclimatic subzone,
moisture regime; soil-vegetation correlation.

b) Interpretive Maps: these maps present information in a refined

form which should be applicable to most users. Additional
information regarding the interpretations can be found in
Chapter IV (Figures 1.6 - 1.8).

6.

Interpretations for Predicting Hydrologic Impacts
(1:15,840); distribution of hydrologic features; mass
wasting hazard; surface erosion hazard; sediment delivery
hazard; vegetative-hydrologic recovery rates.

Engineering Features (1:15,840); distribution of slope
classes; slope configurations; bedrock occurrence;
bedrock rippability; occurrence of construction materials
(aggregate sources).

Forest Capability (1:15,840); distribution of forest
capability classes; distribution of limitations for
forest management.

c) Report: The materials presented in the report are summarized
in the table of contents. Sections of specific concern to most
users are:

1)

10002k

Methods: Chapter III explains how the data was
collected, analyzed and interpreted. It is essential
that all users read this chapter to gain an appreciation
of the limitations innerent in the data and
interpretations presented.

How to Use the Results: This information is presented in
this section (1.4) and in Chapter IV. These sections
will be especially helpful to users unfamiliar with
natural resource inventories.

Results and Interpretations: Information not presented
in the maps described above can be found in Chapters IV
and V.

General Information: HMaterial present in Chapters I and
II will familiarize the user with the study area and the
purpose and scope of the study itself.
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d) Raw Field Data: This information may be of concern to users
wishing to prepare additional interpretations or to evaluate
this study's methodology. The following materials are on file
with the Regional Pedologist, Nelson Forest Region, B. C.
Ministry of Forests, 518 Lake Street, Nelson, B. C., VIL 4Ce.

Typed airphotos and associated polygon data
Field plot sheets and notes

Raw computer output

Draft maps

Laboratory results

gl wn -
L] e o . .

e) Mapping Limitations: HMaps are merely two-dimensional
representations of the landscape; they are not a true-to-life
reproduction of the landscape, complete with full detail. The
user should be aware that mapping projects generally assume
that an acceptably accurate map unit may include up to 15% of
undescribed components. Basically, it has been concluded that
85% accuracy is about the best that can be achieved given
normal financial constraints and landscape complexity. The map
unit boundaries of this study are primarily based on airphoto
interpretation with field checking as indicated in Figure 1.1.
Potential sources of mapping errors include: mapper judgement,
outdated and poor quality airphotos, inaccurate base maps, Kail
plotting errors due to rugged topography, drafting errors and
printing distortion. The interpretations are a further step of
abstraction from the real landscape and can be no more accurate
than the base data maps they are prepared from. It is
essential that the user familiarize him/herself with the
methods used to prepare the maps and realize that for critical
decisions maps are no replacement for on-site inspection.
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II. STUDY AREA DESCRIPTION

2.1 Location and Physiography

The Argenta-Johnson's Landing watersheds are located on the west
flank of the Purcell Mountains of southeastern British Columbia
(50003'-13'N latitude; 116048'-57'W longitude). The topography
consists of west-facing slopes ranging from an elevation of 2 750 m
at Mt. Willet to 535 m at Kootenay Lake along the western edge (see
Figure 1.1). The upper elevations are dominated by a series of
steep-sided cirque basins and intervening horns, aretes, and cols at
the headwaters of Argenta, Bulmer's, Salisbury, and Kootenay Joe
Creeks. The mid-elevations are composed of moderately to steeply
sloping fluted topography dissected by a series of deeply incised,
steep gradient stream channels. The Tower slopes include areas of
terraced valley train materials, steep rock bluffs dropping into
Kootenay Lake and minor fluvial fan-deltaic areas at the stream
mouths. The study area is 17.5 km long (N-S) and 6 km wide (E-W),
with a total area of approximately 80 km2.

2.2 Bedrock Geology

The bedrock of the study area is dominated by low to medium grade
metasediments including mica schists, quartzites, limestone, and
dolomite. Intrusive quartz monzonite is found south of Kootenay Joe
Creek. The metasediments belong to a regional structural belt known
as the Kootenay Arc, specifically the Hamill group, Mohican and
Badshot Formations, and the Lardeau Group. The sediments were
deposited during the lower Palaeozoic and metamorphosed, folded and
faulted during the Mesozoic. The rock strata generally are steeply
dipping and strike NNW-SSE. They are complexly folded and faulted
along a similar trend (NNW-SSE), plunging to the NNW. The area south
of Kootenay Joe Creek is dominated by the Fry Creek Batholith, which
was intruded during the Cretaceous. (Fyles 1964 and Reesor 1973).

A more detailed discussion of the rock types is presented in

Chapter IV. (See Figure 1.2).

2.3 Regional Pleistocene Setting

The surficial materials and topographic character of the study area
are a reflection of the last major Pleistocene glaciation (termed
the Pinedale in the Rocky Mountains of the United States or the
Fraser at Coastal British Columbia). During this glacial interval
coalescing ice sheets from the Coast and Columbia iMountains formed
an ice dome over the interior plateau of central British Columbia.
From this accumlation area, ice flowed south through the Kootenay
valley, unto the Columbia plateau of Washington state (Clague 1981).
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2.4

The timing of the last major ice advance of interior British
Columbia has been reasonably well established for the Kootenay
area. A maximum radiocarbon date for its onset near Lumby is
19,100+ 240y B.P. and near Trail 17,240+ 330y B.P. (Clague 1981).
The Kootenay valley would have been occupied with a regional ice
flow sometime between these dates, with accompanying advances from
local source areas as well. Radiocarbon dates from Washington state
indicate that deglaciation began by 13,000y B.P. Upland areas,
except local source areas, became ice-free first, while the main
Kootenay valley was not ice-free until approximately 10,000y B.P.
(Clague 1981).

Deglaciation was accomplished initially by downwasting of an active
Kootenay valley ice mass, exposing ice-free uplands. This was
acconpanied by downwasting and retreat of local tributary glaciers
from Hamill and Fry Creeks and the cirque basins within the study
area. Eventually this was followed by stagnation, further
downwasting and retreat of the valley ice itself. The glaciofluvial
and glaciolacustrine deposits on the lower slopes and benches of the
study area were deposited and dissected during the final stagnation
and downwasting phases as meltwaters flowed along the melting ice.
The extensive colluvial and localized fluvial materials have been
deposited since deglaciaticn.

Climate

Regional climate information provides an overall framework of
expected temperatures, precipitation, winds and seasonal patterns,
however, in mountainous terrain the variation due to local
conditions can be highly significant. For any given position, local
valley climate varies with aspect, elevation, slope position and the
influence of adjacent landscape features such as nmountain masses
(shading effect), glacier ice or water bodies. Sites on southerly
aspects are significantly warmer than level sites of equivalent
elevation or sites on northerly aspects because of increased solar
radiation. Valley bottom positions are likely to be slightly warmer
during the day and distinctly colder at night than equivalent
elevations in a midslope position because of restricted air movement
along the valley floor (i.e., cold air pooling and inversions).

The study area is located in the southern portion of the "“interior
wet belt". Seasonally, the climate is dominated by easterly moving
Pacific-coastal air masses, which lose the last major portion of
their moisture in this area prior to crossing the Purcell

Mountains. During the winter, polar air moving south through the
Kootenay and Columbia valley systems inundates the area for short
periods. During the summer, hot dry air occasionally moves into the
area from the Columbia plateau in the United States. The general
patterns of temperature and precipitation are typical for
mountainous terrain, with increases in mean annual precipitation and
decreases in mean annual temperature coincident with increasing
elavation.
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Table 2.1 Local climatic data

Table 2.1 Local climatic date
(summarized from: Environment

Canada 1975, B. C. Ministry of ] 3 % c: s
Agriculture 1958, Connor 1949) £ p= g "o 2
= = N 2 a

Elevation (metres) 5711550 | 588 | 588 } 1067

Years of data (or adj.-normalized) 13 {adj.| 30 44 adj.
Mean annual temperature (°C) 6.717.0 | 7.0 6./ -
Mean summer temp.‘(OC, May-Sept.) 14.7 | 14.71 14.9{14.7 -
Mean temp. warmest month (OC) 18.3 {17.7] 18.1}17.8 --
Mean Winter temp. (OC, Nov.-Mar.) -1.4 ;0.6 -0.7{-1.0 -
Mean temp. coldest month (%) -4.4 {-3.8] -3.71-3.9 --
Mean annual precipitation (mm) 537 | 676 | 785 | 691 {1055
Mean annual snowfall (cm) 164 | 198 | 227 | 206 467
Mean winter ppt. (mm, Nov.-Mar.) 281 {361 | 431 {385 509
Mean ppt. wettest month (mm) 87 | 88 | 107 {100 122
Mean summer ppt. (mm, May-Sept.) 186 1220 | 242 {206 875
Mean ppt. driest month (mm) 19 | 35 40 | 29 58
Frost free period (days) 1451 -- | 157 | -- --
Potential evapotranspiration (cm) -- {43.5(43.2 | -- --

A -




Precipitation patterns are probably a reflection of frontal cloud
patterns, which are nost active below about 1 500 m in elevation.
Precipitation increases with elevation to that level, above which it
often decreases slightly. During the summer months the maxinum
precipitation belt will be slightly higher in response to convection
stormms. The annual precipitation distribution is seasonal with a
maximum during mid-winter (December-January), and a minimum in
mid-summer (July-August). These temperature and precipitation
patterns result in rapidly increasing snowpack with elevation. At
the lower elevations the winter maximum may be reached in January,
while at the higher elevations it continues to collect until April
(adapted from Utzig 1978).

Table 2.1 illustrates some climatic trends for the region. The
applicability is limited however, as none of the stations are
located within the study area. Local observations indicate that the
study area tends to be warmer and/or drier than is typical for the
northern West Kootenays. Temperatures are probably similar to
Kaslo 1 and precipitation is similar to Howser (see Table 2.1).

2.5 Hydrology

The water resources of the study area can be characterized as a
complex system of surface waters (including streams, lakes, and
perennial snow), subsurface aquifers and springs, resulting from the
combination of a dissected fluted mountain slope and bedrock
aquifers. The fluted topography, resulting from an interaction
between differential bedrock weathering and glacial scouring, has
produced a trellis drainage pattern north of Kootenay Joe Creek.
However, infiltration into permeable soluble bedrocks (i.e.,
limestones and calcareous schists) interbedded with impermeable
types (i.e., quartzite) has reduced the surface water component of
the system and resulted in a relatively low density and poorly
developed drainage pattern. With the exception of Carter Creek,
which flows on surficial materials, the main streams occupy chanrels
probably incised prior to the last glaciation. The reduced density
of tributary streams, incised nature of the major channels and the
irregular topography make it virtually impossible to accurately
define surface watershed boundaries.

The presence of numerous springs associated with calcareous bedrock
sources raise questions concerning the correlation between surface
watershed divides and actual source areas related to stream
discharge (compare spring locations with limestone outcrops on the
geology map Figures 1.2 and 1.6). Gardner and Carter Creeks receive
most of their flow from springs, while Argenta, Salisbury, and Gar
Creeks receive a smaller portion from springs. The recharge areas
for the subsurface aquifers are unknown and a portion of them nay
even 1ie outside the study area (see Section 4.1c and Figure 4.1).
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The annual hydrographs for the streams are quite variable because of
the differing source areas. Streams which are primarily spring-fed
(i.e., Carter and Gardner Creeks) have little seasonal variation in
discharge. Argenta Creek, which is fed by springs and perennial
snow fields also has somewhat moderated low flows. Bulmer's,
Salisbury, and particularly Kootenay Joe Creek respond more clearly
to snowmelt inputs with typical early summer peak flows and fall Tow
flows.

The area south of Kootenay Joe Creek is characterized by the
presence of massive intrusive rocks which are generally
impermeable. This area has a better developed surface drainage
network and lacks springs.

2.6 VYegetation

The study area contains four Biogeoclimatic Subzones as described by
the Ministry of Forests (Utzig et. al. 1982): HMoist Southern
Interior Cedar-Hemlock (ICHa), Moist Southern Forested Engelmann
Spruce-Subalpine Fir (ESSFc), Moist Parkland Southern Engelmann
Spruce-Subapline Fir (ESSFcp), and the Moist Interior Alpine Tunda
(ATe). (See Figure 1.3). The B.C. Ministry of Environment has
described three forest zones for the area: Interior western
hemlock-western red cedar (IwH-wC), Subalpine Engelmann
spruce-alpine fir (SAeS-alF), and the Alpine tundra (At)
(Nittneben 1980). These two systems are more or less equivalent,
with the SAeS-alF including both the ESSFc and ESSFcp. Due to an
extensive fire history, there is a complex mosaic of plant
communities ranging from early seral to old-growth stands. The
vegetation is briefly described below, for more detail see

Figure 1.5 and Section 4.4.

The lower elevations of the ICH are dominated by mixed seral stands
of Pseudotsuga menziesia (F), Larix occidentalis (Lw), and Pinus
contorta (P1) (Veg. types M,V,G,P). More advanced seral stages and
less exposed sites include Pinus monticola (Pw), rarely Abies
grandis (Bg) and an understory of Tsuga heterophyla (Hw) and Thuja
plicata (C? (Veg. types V,G,0,T). “Dry exposed sites tend more to F
and Pinus ponderosa (Py) (Veg. types B,J). Wet sites generally
include C, Hw, Populus balsamifera ssp. trichocarpa (Ac), Picea
engelmannii (Se] and minor Abies lasiocarpa (BI) iVeg. types
1,0,E). Severely and/or repeatedly burned sites are dominated by
Betula papyrifera (Ep), Populus tremuloides (At) and P1 (Veg.

type P).

Within the ICH/ESSF transition, climax and near-climax stands
include Hw, Se, 81, and minor C (Veg. types 0,T,A). Seral stands
may include F, Lw, P1, and Pw (Veg. types G,P,C). Dry sites are
dominantly open stands of F {Veg. type J).
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The ESSFc is characterized by climax stands of Se and B1 and seral
stands dominated by P1 with lesser amounts of F and Lw (Veg. types
C,0). Mesic and wetter sites have an increased frequency of Se
(Veg. type A), while dryer sites include the occurrence of Pinus

albicaulis (Pa) (Veg. type R). Rock outcrops on exposed south and

westerly aspects maintain open stands of F (Veg. type dJ).

The ESSFcp, which occurs at the upper elevations of the study area
is characterized by clumpy stunted stands of Se, B1, Pa, and Larix

lyallii (La). Pa and La predominate on the drier sites (Veg.

types H), while Se and B1 dominate the moister sites (Veg.
types L). Wet sites are often open meadow communities (Veg. type S).

The crest of Mt. Willet is beyond the elevational range of tree
species and is therefore designated as ATe. Disclimax snow
avalanche sites occur sporadically throughout the study area. These
are variable shrub and herb communities depending on available
moisture levels (Veg. types U,D). Naturally non-vegetated rock
outcrops and coarse colluvium also occur, primarily at the upper
elevations (Veg. type Z).

Cultural Setting

Permanent settlement of the study area commenced with the twentieth
century. Native people maintained seasonal camps for hunting and

tool making prior to then, but had no permanent communities in the
area.

Mining activities in the first decade of the twentieth century
brought some early settlers, but the boom was short-lived, and
concentrated further north in the Lardeau and Duncan Valleys. The
few miners remaining were joined by settlers who were attracted by
developers with preemptions of land in the area. Most of these
early settlers established homesteads and managed to make a 1iving
through ingenuity and hard work. Small scale farming, orcharding,
trapping, and "working out" in logging and mining camps were typical
of the employment available for maintaining these early families.
Farming and orcharding were suited to the mild climate, benchland
soils and good sources of irrigation water.

Logging was not a major activity in the study area at any time,
although it has been sustained on a small scale continuously.

Production of railroad ties, mine timbers, and cord wood for
sternwheelers were early activities. Pilings and cedar poles were
loaded out from Lardeau for the Canadian Pacific Railway (C.P.R.},
including some timber from the study area. Small scale sawlog

production from private land added to the incomes of several
residents.




After World War II (and even today), a few small sawmills in Argenta
and Johnson's Landing produced lumber for local use and ties for the
C.P.R. Timber from surrounding Crown Land could be secured from the
Ministry of Forests, prior to the establishment of the quota

system. In the early days, the presence of the Ministry of Forests
in the area had been primarily aimed at fire control.

Forest fires began to occur with increased frequency following the
arrival of settlers. HMuch of the timber surrounding the inhabited
areas is under 80 years of age. While some of these fires were the
result of lightning strikes, some were accidentally started and
others were deliberately set to clear land. Most of the fires were
controlled, in some way, by human effort.

The area has continued to be sparsely populated with loose
concentrations of households in Argenta and Johnson's Landing.
There have been modest "waves" of immigration (1900-1910, late
1920's, 1950's, 1960's), as well as periods of decline during World
War I and during the depression of the 1930's. There has been a
slow but steady increase in population since 1950, with a marked
increase in seasonal habitation since 1960.

The modernization of transportation and communication facilities
(i.e., replacement of the sternwheelers with roads, electricity,
telephone) since 1960 has increased the economic, educational, and
cultural possibilities available to the residents of the study

area. However, the pleasant natural setting and potential for small
scale agriculture have still been the two most important elements in
maintaining habitation of the area. Most permanent residents today
sti1ll depend on the same employment sources as the early settlers,
small scale farming, orcharding, “working out", or supplying
services to the local community. People have continued to depend on
the local streams and springs for domestic and irrigation water and
the local forests for lumber and fuel. The most recent change has
been increased pressure for recreational use in the area (adapted
from Chapman 1981).
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3.1

3.2

III. METHODS

Pre-field Planning

Prior to commencement of field work, existing data sources were
reviewed to avoid any unnecessary duplication of effort. A number
of discussions were held with the Ministry of Forests, Kootenay
Forest Products Ltd., and hydrologic study personnel to coordinate
field work and assure that the field sampling program would satisfy
the data requirements of all those involved. Mapping criteria were
selected to meet the needs of requested interpretations.

Relying on previous field experience in the area by the authors,
existing data sources and utilization of standard airphoto
interpretation techniques, the study area was stratified into broad
terrain and vegetation types. These were used to familiarize the
authors with the study area, to estimate variability within the
study area and to locate transects for sampling and ground
verification of mapping units. Criteria for stratification included
the elements of airphoto pattern (i.e., tone, texture, topography,
drainage patterns, erosional features and micro details), forest
cover maps, geology maps, terrain and soil maps and vegetation
zonation maps (Utzig 1978, Jones 1978).

The density of field sampling and ground verification was designed
to meet requirements defined for a #2 Survey Intensity Level
(Mapping Systems Horking Group 1981). As a generai rule, it is
recommended that soil maps require between 0.2 and 2 inspections per
square centimetre of published map. The total study area is
approximately 3 200 cm2 at 1:15,840, and the area below 1 950 m in
elevation is approximately 2 600 cmé, requiring between 520 and
5,200 inspections. With approximately 250 field inspections from
the 1980 Ministry of Forests sampling program (Wells 1981), the 1981
field work was scheduled to inciude a minimum of 300 additional
field inspections.

Field Work

As described in the last section, the field work was designed to
meet the sampling requirements of a #2 Survey Intensity Level and
cover the anticipated variation, both spatially and
environmentally. In addition, the field work was constrained by
four factors:

1. Limited road access.

25 Location of the subareas designated as high priority
sampling areas in the terms of reference.

3. Deeply incised creeks restricting foot travel.

4. Restricted helicopter access due to the lack of heliports
and a limited budget.
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The areas with road access were examined more intensely with regard
to terrain and soil features, taking advantage of roadcut

exposures. However, many of the road accessible areas have
disturbed vegetation types and were consequently of diminished value
for intensive vegetation sampling. )

The high intensity subareas were overlayed with a 400 m rectangular
grid for the purpose of reconnaissance timber cruising. The cruise
plots and intervening strips were used as a basis for locating
terrain, soil and vegetation plots. In addition, extensive field
notes were recorded while chaining between plot locations.

The remainder of the area was covered by a series of prelocated foot
transects originating and ending at helicopter drop points or road
access. Plots were located along these transects as differing
environmental conditions (i.e., genetic material, aspect, slope
class, etc.) and/or vegetation communities were encountered. Notes
were kept during these transects, plot locations and type changes
were recorded on airphotos as the field work progressed.

The field work was primarily carried out by a crew of two people,
one soil scientist-geologist and one vegetation specialist. They
were occassionally accompanied by an additional soil scientist-
eclogist, a forest technician or a hydrologist. During the field
work three classes of sample plots were established. The sampling
procedures are described below and their locations are shown in
Figure 1.1.

A11 definitions and sampling procedures are according to Walmsley
et. al. 1980.

a) Formal Plots: Initially formal plots were established whenever
a differing plant community and/or environmental conditions
were encountered along a field transect. As repetition of
various ecosystems was built up, sites with sufficient sampling
were treated with ground checks (approximately 10-12 plots).
Formal plots were continued in newly encountered ecosystems and
those with insufficient repetition. Each plot was
approximately 400 m2 and located within an area of relatively
homogeneous vegetation and environmental conditions. A data
form is included in the appendix.

Vegetation data included:

1) complete listing of vegetation species by stratum
(unfamiliar species were sampled for later identification)
2) estimate of strata heights

3) estimate of total % cover for each species by stratum and
combined strata

4) description of vigour for each species

5) description of utilization (browse) for each species

6) a 1isting of species on atypical substrates (i.e., rocks,
decaying wood, bare soil, etc.) and their abundance
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7) successional status
8) sample tree measurements (age, diameter, height and
pathology)

A soil pit was excavated to approximately 1 m in depth
(occasionally less) with the following information recorded:

horizonation including depth and color

soil texture by horizon

% coarse fragments by horizon

parent material (terrain classification)

depth to carbonates, root restricting layer, rock, free
water, or other impermeable layer where applicable

) rooting depth and distribution

) bedrock and/or coarse fragment 1ithology

~N O LN~
— e

Environmental information recorded included:

1) elevation
2) aspect
3) slope

4) slope position
5) moisture regime

6) nutrient regime

7) surface substrate description

8) biogeoclimatic subzone

9) special conditions such as site history, exposure type,

evidence of instability, etc.

b) Ground Checks: When sufficient representation of vegetation
and soil types had been made through data collection in formal
plots, then less detailed ground checks were conducted
instead. This enabled the completion of appropriate sampling
coverage and field checks of map units within the limited field
time available. Each ground check was similarily located
within a relatively homogeneous area and approximately
400 m2, as with the formal plots.

Vegetation data collected at each ground check included a
complete vegetation 1ist (not formerly listed by stratum),
successional status and selected measurements of tree ages.

Excavation of soil pits was limited to depths of 50-100 cm.
Information recorded included terrain classification,
abbreviated horizonation, texture, % coarse fragments, bedrock
and/or coarse fragment 1ithology, and other factors where
deemed significant.

Environmental information included elevation, aspect, slope,

moisture regime, biogeoclimatic subzone, and potentially
significant factors.
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3.3

3.4
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¢) Ecological Classification Program Plots: Near the end of the
field season, once the major soil and vegetation types had been
recognized, ten sampling sites were selected to exemplify the
major types within the study area. These samples were carried
out by the Ministry of Forests' sampling crew according to
their program specifications (i.e., Walmsley et. al. 1980).
The plots included a complete environmental, vegetation and
soil description, soil sampling and laboratory analysis and
tree mensuration data. A data form is included in the appendix.

Road Location Investigations

Throughout the field season the authors conferred with Kootenay
Forest Products Ltd. personnel regarding various road location
options. These included examination of proposals on paper and
walking all "P-lines" in the field. A number of alternative
proposals by the authors were incorporated into the locations on the
ground. Field checks were made along the road corridors and
incorporated into the final mapping. Locations walked included
primary access above C.P. 21 (Carter Creek) and into the subareas
between Argenta/Bulmer's Creeks and Bulmer's/Salisbury Creeks.

Data Analysis and Mapping

a) Terrain: The terrain of the study area was classified and
mapped using the Terrain Classification System (1978) developed
by the B.C. Ministry of Environment. For this study some
modifications of definitions were introduced, and can be noted
in the map legend. Major modifications included inclusion of
the surface expression "bv" to describe shallow surficial
materials over an undulating bedrock surface and adapting
definitions to handle the continuum between basal moraine,
ablation moraine, poorly sorted glaciofluvial, well sorted and
stratified glaciofluvial and fluvial materials, as shown below:

morainal (M): materials with no significant modification by
glacial meltwaters; surface textures similar to
compact basal moraine at depth.

Morainal-washed (M-W): materials with a shallow (less than
150 cm) capping of coarser textured material
overlying compact morainal material below
(e.g., gLS over L).

glacio-fluvial (FG): materials deposited by glacial
meltwaters in association with glacial ice;
poorly to well sorted and/or stratified; greater
than 150 cm deep if overlying compact morainal
materials.

fluvial (F): materials associated with present stream
patterns; well sorted and/or stratified.




b)

blanket-veneer (bv): a mantle of unconsolidated material
ranging from a thin blanket to a veneer;
generally 10 cm to 2 m in depth.
The terrain mapping was initiated by typing odd numbered
1:15,840 airphotos through airphoto interpretation prior to the
field work. These photos were modified and retyped following
field checking. Field transects and plot locations were
located on even numbered airphotos, and viewed stereo-
scopically as ground verification for the final terrain
typing. The information was then Kail Plotted onto 1:15,840
base maps provided by the Ministry of Forests and Kootenay
Forest Products Ltd. :

Vegetation:

i) Data Analysis Strategy: Midway through the field work
vegetation data collected to that point was coded for computer
analysis. The analyses were carried out at the University of
B.C. Computing Centre using the Ceska-Roener Program (1971), as
described below. The resulting preliminary vegetation types
were characterized and evaluated for sampling requirements.
Those which were adequately sampled became a 1ow priority for
full sample plots and generally received ground checks for the
remaining portion of the field work. New types encountered, as
well as those not adequately sampled during the previous field
work, continued to receive formal sample plots.

Following completion of all field work, the remaining
vegetation data was coded and combined with the earlier data.
One data set (219 samples) was established to include both
formal plots and ground checks (the plot types could be
identified by the numbering sequence). Since the
classification process is based on species presence-absence,
the ground checks and formal plots could be used equitably.
The whole data set was then reanalyzed, and final vegetation
types identified and characterized.

i1) Computer Data Synthesis: The Ceska-Roemer Program (1971)
is essentially a computer-assisted tabular analysis which is
used to define vegetation types. The mechanism of group
formation consists of two processes which are repeated:
selection of those species which typify a given group of piots,
and selection of those plots which are typified by a given
group of species. The program identifies combinations of
differentiating species which tend to occur in association with
one another and have restricted distributions in the study
area. The vegetation types are in turn identified by the
presence or absence of the defined species group combinations.

A "vegetation type" is derived from a number of sample plots
whose species composition optimally differentiates those plots
from other sample plots. Conditions for the selection of
species and plots are numerically defined in the constraints of
the progran.

-17 - August 10/83




The final printout from the program consists of a
two-dimensional table showing the species groups listed on the
y-axis and the plots comprising each vegetation type listed on
the x-axis. Table entries are cover abundance values for each
species listed on the y-axis.

The initial data sort formed all possible associated species
groups within the constraints of the program. Those species
groups which were most useful for differentiating groups of
plots were employed in the next sorting process. The second
printout produced a table grouping those plots together which
were typified by the selected species groups. Eight successive
sorts were run with varying combinations of species groups to
optimize the allocation of plots to the groupings. When a
satisfactory result was reached, a final table was constructed
with vertical lines between the plot groupings identified.
Each grouping was identified by the presence and/or absence of
specific species groups and subsequently designated as a
vegetation type.

iii) Characterization of the Vegetation Types: Fifteen
vegetation types were identified by the computer sorting
process. These vegetation types were characterized by
combinations of ten species groups and described on the basis
of species composition by layer and cover values. Additional
species occuring in each type, but not included in the species
groups, were examined as well. Those that occurred with a
greater than 60% constancy value were noted as "associated
species" in the map legend. These associated species are
useful for identifying the vegetation types in the field.

From the fifteen vegetation types described it was noted that
four were sufficiently similar to be incorporated into existing
types while still conforming to the constraints of the

program. The final vegetation legend was thus comprised of
eleven types.

In addition certain plots that were not allocated to a type by
the computer program were subjectively analyzed. Plots that
showed vegetative and physical similarities were grouped into
types (i.e., types D and E) and described in a separate table
where the vegetation was listed simply as "characteristic
species". Similarily, certain types were known to occur at
nigher elevations within the study area but were insufficiently
sampled to be represented by the computer analysis. Using data
collected in the ESSFc and ESSFcp subzones by the Ministry of
Forests, Ecological Classification program (Nelson Region) it
was possible to describe four vegetation types to represent
these lower priority areas of the study area. Species
occurring together within a given range of soil moisture were
grouped together to form these vegetation types (R,H,L,S) with
no strict quantitative constraints.

: 0002k -18 - August 10/83




c)

: 0002k

Vegetation types were each given a single species name, the
first letter of which was used as the map symbol. Each type
was listed in the legend sequentially by subzone and
characterized according to certain vegetative and physical
features (see Figure 1.5).

Soils: Based on the requirements of the desired soil
interpretations, a number of soil and environmental
characteristics were selected for a computer-assisted soil
classification. Following completion of the field work, the
twelve parameters listed below were coded from the formal plot
and selected field check data for a total of 172 samples:

1 % slope

2. elevation (tens of meters)

3. aspect (1800 to 3600 as is; 00 to 1809, coded
value equals 3600 minus real value)

4, moisture regime (0 to 7)

B % coarse fragments (B horizon)

B % sand in fine fraction (center of textural class for
hand textured samples; B horizon)

y £ % clay in fine fraction (center of textural class for
hand textured samples; B horizon)

8. depth to impermeable layer (cm; measured value for less

than 100 cm; estimated to a maximum of 350 cm)
9. depth of LFH (cm)

0% depth to free carbonates (measured value for less than
100 cm; calcareous coarse fragments equals 199 cm;
calcareous bedrock equals 299 cm; non-calcareous equals
399 cn)

11 rooting depth (cm)

12. depth of solum (cm)

These samples were grouped into a number of soil types with the
use of a "cluster program" available from the U.B.C. Computing
Centre entitled: "C Group Hierarchical Grouping Analysis with
Optional Contiguity Constraint" (Patterson and Whitaker 1978).
The agglomeration process is constituted by a step-wise
grouping of individual samples according to the calculation of
a minimum error value for all specified parameters (i.e.,
Ward's methods). Parameters with varying ranges (i.e.,
moisture regime 0-7 vs. coarse fragments 0-99) are adjusted to
a cormom scale for comparison. Once groups are formed they are
identified by the centroid of their respective members. The
output consists of a dendogram depicting the step-wise grouping
process and a table listing the samples and their
characteristics as ordered by the grouping process. The user
is free to select an appropriate hierarchical level of
classification.

- 19 = August 10/83



After examining 9 classification scenarios resulting from
various combinations of the 12 parameters, the following
combination was considered most acceptable.

1. % coarse fragments
2. % sand

3. % clay

4, depth to impermeable
5. depth of LFH

6. moisture regime

The acceptance criteria for the resulting classification
included:

1. Mapability; were the defined classes well correlated
with features recognizable on aerial photographs
(i.e., terrain features, slope position, vegetation
patterns, etc.)

2. Interpretive value of defined classes; were the
differentiating and accessory characteristics of the
classes and their ranges relevant to the desired
interpretations.

The 25 potential soil types resulting from this analysis were
eventually reduced to the 11 types shown in the map legend for
a number of reasons, primarily to simplify the final
presentation. Some of the potential types recognized were not
considered significantly different for the intended
interpretations, some were inadequately sampled to characterize
and probably occurred very rarely within the study area, and
others could not be consistently recognized during the mapping
phase without further field work.

Following the data analysis each formal plot and field check
was identified as belonging to a particular soil type. Using
additional soil and environmental data, ranges in
characteristics of each soil type were defined (including
accompanying terrain type and vegetation type) and a soil
legend prepared.

Soil and Vegetation Mapping: Airphotos with superimposed

terrain unit polygons were used as the basis for creating the
soil-vegetation map. By utilizing stereo-pairs composed of
terrain polygons on the odd numbered photo and pretyped
vegetation polygons and plot-transect lccations on the aven
numbered photo, each terrain polygon was assigned an
appropriate combination of soil and vegetation types. Areas
without ground checks were extrapolated by standard airphoto
interpretation methods. Through experience gained viewing
areas with samples and/or transects, airphoto patterns were
recognized for specific types. In areas where significant and
recognizable soil and/or vegetation breaks crossed the terrain
polygons, the terrain polygons were modified.
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To establish the relationships between soil, vegetation and
terrain types, a correlation table was generated from the
computer-stored sample data. In addition a correlation matrix
was manually derived from the polygon designations. These
established relationships were used to cross-check airphoto
interpretations and prepare the associated soil and vegetation
columns of the legend.

e) Interpretations: The interpretations were prepared according
to the generalized methodology described below. Specific
characteristics considered for each interpretation are recorded
in the description of the classes or the explanatory notes of
the map legend.

1) Define the site characteristics significant to the
desired interpretation (i.e., Mass Wasting: slope,
drainage, texture, depth to impermeable).

2) Define interpretive classes (i.e., low-high) and set
class limits for the range of characteristics relevant to
the study area and interpretation. Some interpretive
classes can be based on bedrock, terrain, soil, and/or
vegetation types already defined (i.e., Bedrock
Occurrence or Vegetative-Hydrologic Recovery), whereas
others require additional information (i.e., Sediment
Delivery Hazard). Complex interpretations such as
Surface Erosion or Forest Capability require many pieces
of information.

3) Assign an interpretive class (or classes) to each map
polygon based on their expression of the characteristics
significant to the interpretation. In cases of complex
map units the most Timiting class is used unless it
occupies less than 20% of the unit (except
Vegetative-Hydrologic Recovery and Forest Capability
where weighted averages were used).

To facilitate assigning interpretations to the map units,
each polygon was sequentually numbered and described by
each mapping criterion. Map labeling and subsequent
checking was completed from this master list.
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4.1

IV. RESULTS

Bedrock Geology

The Bedrock Geology Map (Figure 1.2) is adapted from the work of
Fyles (1964) and Reesor (1973) with the inclusion of observations by
the authors during the field seasons of 1980 and 1981. The purpose
of the map is to inform the user of the geologic strata underlying
the soils and unconsolidated materials of the study area. There is
a brief description of the physical properties of the rocks, their
weathering characteristics, and their potential effect on the
hydrologic regime. A general description of the bedrock geology is
presented in Section 2.2.

a) Fry Creek Batholith: (See Reesor, 1973, pp. 93-94) The
typical Fry Creek granitic rock is an impermeable, white,
white-weathering, medium grained, leuco-quartz monzonite,
containing a little muscovite and biotite.

It contacts and interrupts metasedimentary rocks in the vicinity of
Kootenay Joe Creek and the ridge just north of Kootenay Joe Creek
along which the Kootenay Joe Road rises. In this area there is some
deformation of the metasediments and some foliation in the granite.
It can be described as a contact zone. Weathering in this contact
zone is more pronounced. The channel of Kootenay Joe Creek occurs
in this zone. Other stream erosion of this rock type occurs in
jointed or fractured areas easily seen on airphotos.

Weathering and erosion of Fry Creek rock is unlike that in the
remainder of the map area. The homogeneity of the rock accounts for
a generally smooth and massive surface overlain by loose, skeletal
soil materials rarely as deep as 3 m. Erosion channels that incise

this rock occur only in the contact zone or in fractures and
joints. The rock is extremely hard and impermeable except in the
fractures.

b) Lardeau Group--Index Formation: (See Fyles, 1964, pp. 25-28)

e Interlayered fine grained green and grey schist, minor
limestone and quartzite.

2: Fine grained grey mica schist and garnet mica schist.

Index formation rocks generally are the softest rock in the map
area. Terrain which is relatively subdued is typical of these
schists, minor limestones and thin quartzites. Foliation or "grain"
coincides with the NNW strike. Weathering is rapid by both climate
and roots: the minerals in the darker schists are relatively
unstable and produce relatively rich soils. Soils developed in
saprolite or rotten rock are frequently encountered. It is often
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possible to dig by shovel 50 to 75 cm into these rocks. It is
evident that roots delve even deeper. Doubtless water penetrates at
least as deep as the roots grow into the rock, but the grain of the
rock tends to redirect subsurface moisture flow in the direction of
the strike (i.e., NNW or SSE depending on which direction is
downhill). The micas have high water holding capacity; as do the
weathered micas in the heavier soils developed on these rocks.

The minor limestones and quartzites of the Index create relatively
prominent features on the landscape, though they do not account for
the dramatic elevational changes in the map area. These limestones
and quartzites also redirect surface waterflow, by virtue of their
relative prominence, although they are not absorbent or permeable as
are the schists. Some dissolution of the limestones occurs,
yielding secondary carbonate deposition in the soils.

c) Badshot and Mohican Formations (See Fyles, 1964, pp. 23-24)
Grey and white crystalline Timestones, dolomite and siliceous
dolomite, and interlayered limestone and mica schist. (The two
formations will be treated as one.)

The Badshot/Mohican Formation is in conformable contact below the
Index Formation. It is a significant structural feature of the
study area, being a major element in the dramatic elevational
changes found. It is characteristically steeply dipping and
prominent in the landscape. The limestone and dolomites, along with
the Marsh-Adams rocks described below, are observable over a large
portion of the map area on the ground and on airphotos.

The schists are relatively subdued in the landscape, but are in
association with the Lime Dyke, {as the Badshot Limestone was called
by the early prospectors and geologists). The schists are
relatively less stable in the atmosphere and near the surface, and
are more easily weathered and penetrated by roots than the harder
rocks in the formation, but the slopes at the surface over the
schists are influenced by the steeper limestone and dolomite
topography. Saprolites occur in these schists as in the Index, and
are absorbent and permeable, usually not deeper than 1 m.

The 1imestones and dolomites are soluble and solution cavities are
evident in occurrences of the Formation in the alpine and in the
area of Apache Pass, west of Carter Creek. Some of the schists have
calcareous constituents which dissolve in ground water.

In some areas the Badshot may act as a subsurface aquifer, and
probably accounts for the spring activity in the area between
Gardner Creek and Gar Creek. One possibility is that limestone
outcroppings under snow in the headwaters of Salisbury Creek are
recharged with melt water, which then discharges from Timestone
outcrops in the area of springs above Johnson's Landing. The water
from these springs is very limey, and the relative constancy of
their annual hydrographs indicate a deep bedrock aquifer rather than
near-surface seepage sources. A simplified schematic diagram
demonstrates the theoretical sequence described above (Figure 4.1).
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Fig. 4.1 Possible bedrock aquifer sequence.

d) Hamill Group--Marsh-Adams Formation (See Fyles, 1964, pp. 20-21)
Grey and brown micaceous quartzite and mica schist, white
quartzite and minor brown weathering limey schist.

The Marsh-Adams Formation is in conformable contact under the
Badshot/Mohican Formations. It characteristically is prominent
in the landscape. The Badshot limestones and the Marsh-Adans
quartzites together are constituents in the most prominent
landscape features and elevational changes in the map area.

The quartzites are impermeable and insoluable, but are often
ridged and jointed so that water may be redirected along their
strike. The soils and ecological moisture regimes of
landscapes underlain by the Marsh-Adams Formation and the
harder rocks of the Badshot/Mohican are shallower and drier
that in the more subdued areas underlain by the schists and
softer rocks of the Badshot/Mohican and the Index Formations.

: 0002k - 24 - August 10/83




4,2 Terrain and Soil Parent Materials

The

terrain map describes the distribution of surficial materials

throughout the study area (Figure 1.4). These materials act as the
parent materials for the soils of the area, and therefore have a
significant impact on soil properties, vegetation distribution and

the

hydrologic regime. The terrain is primarily a reflection of the

local bedrock (both composition and structure), the pleistocene
glaciation, or an interaction between those two factors.

North of Kootenay Joe Creek, the NNW-SSE trend in schistosity and
bedding of the metasediments has been accentuated by the
differential erosion of the southerly moving ice, resulting in
"fluted" topography (see Figure 4.2). The flute bottoms are
dominated by medium to fine textured morainal materials (soil types
M,K) which grade to shallow veneers and weathered schists or
saprolites (soil types C,I). More resistant outcrops of quartzites
or limestones are nore likely to occur as steep rock walls or flute
ridges with associated colluvial soils (soil types A,B,C,D).

LEGEND

:_' _i.'i Morainal
794 Colluvium
Eolian
2 + Limestone and dolomite
o +
e + o+ .
osl 200,250 Quartzite and micaceous quartzite
s Tt R L2 ] Terrain '
1 Bl Gl ) 2 Type Fine grained mica schists
:: + + + + g o”ouuoo"o"
552 ++++++++++ He2o3000) MbV Mica schists with quartzite and
IS+ + o+ 4 Py O : carbonates
Fig. 4.2 Mid to upper siope cross-section with fluted terrain sequence.
10002k - 25 - August 10/83




The upper elevations of the study area are dominated by more
resistant bedrock types, steep slopes and colluvial materials (soil
types A,B,D). Cirque basins in upper Salisbury, Argenta, and
Bulmer's Creeks include some blocky morainal materials (soil

type D). Minor areas of rolling alpine meadows usually occur on
saprolites, eolian cappings or morainal veneers (soil types C,I).

The terrain of the lower elevations is primarily a reflection of
extensive kame terrace development during deglaciation. (See
Figure 4.3.) The glaciofluvial materials (soil types F,G) were
deposited as blankets and veneers over the fluted terrain described
for the mid-elevations and subsequently down-cut into terraces and
dissected by gullies as the ice downwasted. The complex pattern of
ice disintegration resulted in numerous rearrangements of the
drainage patterns and temporary stream impoundments. This unstable
environment has resulted in wide ranging soil textures and
interbedded lacustrines (soil type 0). The dissection of the kame
materials has been sufficient to expose morainal materials and
bedrock, creating a complex mosaic of surficial materials and soil
types (e.g., Johnson's Landing area).

Areas south of Kootenay Joe Creek have had a similar history,
however the more resistant and massive bedrock has resulted in

shallower coarse textured materials. Morainal deposits are
generally sandy textured materials (soil type K), as are the
glaciofluvial blankets and veneers (soil types F,G).

Since glaciation the major stream drainages have become reincised
into the flanks of the main Kootenay Valley. The steep sides of
these channels are dominated by colluvial materials (soil types
D,B,A) with some morainal and glaciofluvial materials in the lower
sections. The colluvial materials are quite variable in texture and
coarse fragment content, reflecting the complex pattern of bedrock
exposed along the valley walls. The valley bottoms and stream
channels are gravelly and sandy fluvial deposits (soil type P)
interbedded with more angular and less well sorted colluvial-fluvial
materials deposited by debris torrents and snow avalanche activity
(soil types D,P). Where the streams enter Kootenay Lake fluvial fan
or deltaic materials have been deposited (soil types G,P).
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4.3
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Soil Properties

The Soil and Vegetation map (Figure 1.5) describes the distribution
and properties of the soil types, including the correlation between
the soil and vegetation. The study area is dominated by Brunisolic
soils which grade to Podzols under conditions of increased effective
moisture and more acidic parent materials, or to Luvisols on the
fine textured materials. Gleyed subgroups or Gleysols occur in the
receiving sites. The soils of the study area are generally less
well developed than those described for most of the West Kootenay
area. This is the result of a number of factors, including: a
somewhat drier climate, extensive fire history, seral vegetation and
the presence of calcareous parent materials.

Soil physical properties were the primary focus of the study.
Chemical laboratory analyses were kept to a minimum, therefore few
comments can be made regarding chemical properties. In general,
north of Kootenay Joe Creek, pH levels and base saturation values
are higher than normal for the ICHa. This should result in better
fertility for most species, except where excess lime becomes a
problem. In areas with a recent fire history, LFH depths tend to be
shallow, but do reach normal levels in mature stands.

Brief descriptions of the soil types are given below and their
occurrences are diagramatically represented in Figures 4.4 and 4.5.
For further information consult the Soil and Vegetation map legend
(Figure 1.5).

A)  This soil type includes bedrock outcrops of the more resistant
rocks (primarily quartzites) and associated shallow blocky and
rubbly colluviums. The soils are often non-existent or shallow
and poorly developed with rapid drainage (18 plots).

B) This soil type includes outcrops of the moderately resistant
bedrocks (schists with interbedded quartzites and calcareous
rocks) and associated shallow rubbly colluviums. These soils
have a moderate coarse fragment content, sandy loam textures
and rapid drainage. They often occur on flute ridges and along
less steeply sloping bedrock outcrops (13 plots).

C) These soils are found in association with the less resistant
bedrock types (schists) as colluviums, saprolites or morainal
blanket-veneers. They have greater water holding capacities
than A or B soils due to increased depth, finer texture or
decreased coarse fragments. They are well drained and often
occur on moderate slopes or in shallow flute bottoms (32 plots).

D) These soils are formed from deep rubbly colluvial or recent
morainal materials. They are coarse textured and range from
non-vegetated talus cones to well forested colluvial slopes.
They are usually found at the base of bedrock outcrops (soil
type A or B). Soil drainage is generally rapid, but can be
moderately well to imperfect with seepage on debris torrent
deposits or meltwaters from snow avalanche activity (4 plots
and field notes).



These soils are formed from sandy, well to rapidly drained
glaciofluvial materials of variable depth. The shallow
components of this soil type often intergrade with soil type C

and the deeper components with types G and K (14 plots).

These soils are formed from sandy glaciofluvial or fluvial
deposits with a high percentage of coarse fragments. They
‘occur on the lower slopes as kame terraces, as raised terraces
along streams and as fluvial fans along Kootenay Lake. They
are generally rapidly drained, however some fluvial deposits
have available water at depth creating moderately well to
imperfectly drained areas grading to soil type P (15 plots).

These moderately shallow to shallow soils are associated with
the most easily weathered rocks (mica schists). These soils
are formed from saprolites, morainal blanket-veneers or rarely
colluvium. Their medium to fine textures create good water
holding characteristics, but they are still primarily well
drained. These soils intergrade to types C and M (20 plots).
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K)  These are sandy soils with low to moderate coarse fragment
content developed from morainal materials. Often they are the
result of finer textured morainal materials reworked (i.e.,
washed) by glacial meltwaters. These soils are well drained
and intergrade with soil types F, C, M, and G (13 plots).

M) These soils are formed from noderate to fine textured deep
morainal materials. They occur in flute bottoms or on slopes
associated with easily weathered mica schists, grading to soil
type I in shallower areas. Soil drainage varies from well to
imperfect depending on slope position and the presence of
seepage (32 plots).

LEGEND &

Fig. 4.5 Lower slopes with soil-vegetation sequence.
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0) Lacustrine sediments are the parent materials for these fine
textured soils. Their occurrence is generally restricted to
the Tower slopes. They are moderately well to poorly drained
and grade to soil types F and M (5 plots).

P) These are moderately coarse to coarse textured soils which
occur in areas affected by seepage or a high water table
(adjacent to streams or springs). They are imperfectly to
poorly drained and associated with fluvial, colluvial or coarse
morainal materials (6 plots).

4.4 Vegetation

The vegetation of the study area reflects the drier climate
(Section 2.4) and the predominance of seral stands due to the
extensive fire history. A large proportion of the study area is
comprised of moderately-steep to steep slopes with well drained,
moderately coarse textured soils resulting in a high incidence of
edaphic vegetation types (Figure 1.5). Relatively few moist sites
occur. Less frequent still are receiving sites or seepage sites
with imperfectly to poorly drained soils. Thus the nature of the
terrain severely limits the incidence of mesic and wetter vegetation
types. A general overview of the subzones, tree species and
associated vegetation types was previously given in Section 2.6.

a) The Vegetation Legend: The vegetation and soil map legends
(Figure 1.5) represent a generalized summary of vegetation and
soil relationships identified in the study area. A given
vegetation type can occur on a range of soil types and a given
soil type can support a range of vegetation types. Therefore
both the vegetation and soil legends should be consulted for
maximum information retrieval. Listed in each Tegend are the
most common relationships found, but they should not be
considered definitive.

Selected terms from the vegetation legend are defined here:

Map Symbol
A Tetter symbol representing each vegetation type (with
subscript, if applicable, indicating corresponding
successional stage).

Vegetation Type
Vegetation types are identified by the presence or
absence of defined "species group" combinations.
Definition of vegetation types and species groups was
accomplished using the Ceska-Roemer computer program (see
Section 3.4). Each vegetation type was named by a single
representative species.

Species Group
Species groups are defined combinations of differenti-
ating species which occur in association with one another
and have restricted distributions in the study area.
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Number of Required Species
The number of species which must occur on a site out of
the total listed for the species group in order for that
group to be considered present and the corresponding
vegetation type to be recognized.

Associated Species
Species that occur with a frequency of greater than 60%
within each vegetation type. These species can be used
as additional information for determining which type is
present on a site.

Similar Vegetation Types
Vegetation types that have more than 50% species in
common (evaluated from species listed in the "species
group” and "associated species" columns).

A simple guide to using the vegetation map and legend follows
(adapted from Moon 1980):

1) Locate the site on the map and note the corresponding
vegetation map symbol (see Figure 1.5 for an explanation
of map symbol notation).

2) Go to the vegetation legend and locate the appropriate
map symbol. Information on the successional stage,
subzone, moisture regime, and associated soil types is
listed for the vegetation type represented by the map
symbol.

3) Check that the vegetation type is correctly represented
by ensuring that the indicated number of required species
are present or that a majority of the characteristic
species are present on the site. A further check can be
made for occurrences of "associated species". Similar
vegetation types are indicated in the last column of the
legend.

4) If the vegetation map unit symbol is a composite (i.e.,
composed of two or three vegetation types; see
Figure 1.5--map symbol notation), the appropriate
vegetation type for a particular site can be determined
using the following method. Look at the respective
species group for each type indicated in the map unit and
evaluate for which type the site contains the number of
required species, then check for occurrences of
corresponding associated species. In some cases a
managenent unit may occupy a sufficiently large area to
include more than one vegetation type. The above
information enables the user to determine the extent of
each vegetation type and thus apply the appropriate
management prescriptions for each area.
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5) The vegetation type(s) for sites located outside the map
area, yet within reasonable proximity, may be determined
by similarily going through the species group
descriptions on the legend and evaluating for which type
the number of required species criteria is satisfied.
Check for occurrences of corresponding associated species
for confirmation. The additional information on subzone,
moisture regime, associated soil types, and successional
stage is useful for reducing the initial number of types
to consider.

b)  Vegetation Types: Brief descriptions of the vegetation types
are given below and their occurrences are diagramatically
represented in Figures 4.4 and 4.5. Stand composition is
indicated by listing tree species in decreasing order of
occurrence, and species with less than 16% frequency of
occurrence are in parentheses. Insignificant occurrences were
often not noted as the objective here was to give a general
overview of the most representative stands. For further
information describing the distribution and properties of the
vegetation types refer to the soil and vegetation map legend
(see Figure 1.5).

M - usually maturing seral stands (75-80 years) of F, Ep (Lw)
with moderate F regeneration or mature edaphic climax
sites (approx. 130 years) of F, Py with limited F
regeneration; fire history evidenced by Lw, Py vets and
burnt snags; moderate to steep slopes with well to rapidly
drained, generally coarse textured soils and a moderate to
high content of coarse fragments; frequently open-canopied
stands with a high ground cover of shrubs, notably Mahonia
aquifolium, Acer glabrum and Amelanchier alnifolia; occurs
exclusively in the ICHa (35 plots).

V - predominantly fairly open-canopied maturing seral stands
(75-80 years) of Lw, F (C) with frequent C regeneration;
Lw, C vets are often present; well drained moderately fine
to coarse textured soils on low to moderately steep
slopes; lush understorey vegetation, dominated by Alnus
viridis ssp. sinuata, Rubus parviflorus, and Thalictrum
occidentale, reflects high light and nutrient supply and
adequate soil moisture availability; found exclusively in
the ICHa (6 plots).

B - often mature edaphic climax sites with open-canopied
stands (60 years) dominated by Py, F with limited F
regeneration; Py, F vets can occur; well to rapidly
drained medium textured soils with a moderate to high
content of coarse fragments; usually steep slopes where
Timited soil moisture and insolation restrict tree growth;
high ground cover of Agropyron spicatum and frequent
presence of Balsamorhiza sagittata and Lupinus sericeus
are characteristics of this type; occurs exclusively at
the lower elevations in the ICHa (5 plots).
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maturing seral (75-80 years) of F, Lw, P1 (Pw) with
frequent C, Hw regeneration or closed-canopied, mature
climatic climax stands (approx. 130 years) dominated by C
with moderate C, Hw regeneration; Lw, F, Pw, Py vets, and
burnt snags may be present; usually well drained medium to
coarse textured soils with a moderate content of coarse
fragments; sparse vegetation often predominated by
Paxistima myrsinites, Vaccinium membranaceum, Clintonia
uniflora, and Goodyera oblongifolia; low ground cover of
vegetation due to dense regeneration and/or canopy-closure
producing low light conditions in the understorey; common
in both the ICHa and ICH/ESSF (56 plots).

usually maturing seral stands (75-80 years) of F, P1, Ep,
Lw with moderate F regeneration and limited C regeneration
on the moister sites; F, Lw, Py vets, and burnt snags can
occur; well drained medium to coarse textured soils on a
wide range of slopes; often lush sites of diverse
vegetation dominated by Shepherdia canadensis, Rubus
parviflorus, Chimaphila umbellata, and Disporum hookeri;
predominantly occurs in the ICHa (34 plots].

mainly maturing seral stands (75-80 years) of F, Lw, C, Hw
with frequent C, Hw regeneration or dense, mature climatic
climax stands (approx. 150 years) of C, Hw with moderate
C, Hw regeneration; F, Lw, C, Hw vets may be present; well
to imperfectly drained medium to fine textured soils in
normal to receiving slope position; good available
moisture supply for plant growth, but high competition for
light limits species diversity and ground cover of
understorey vegetation; low herb growth of Clintonia
uniflora, Goodyera oblongifolia, and Orthilia secunda is
common; mainly occurs in the ICHa (26 plots).

often dense, mature climatic climax stands (approx. 150
years) of mixed Se, B1, C, Hw with moderate regeneration
of these species equivalently mixed; Lw vets may occur;
well to moderately well drained medium to fine textured
soils in normal to receiving slope position; good
available moisture supply for plant growth yet understorey
cover can be limited by low light conditions; Menziesia
ferruginea, Ribes lacustre, Tiarella unifoliata, and
Thalictrum occidentale are characteristic of this type;
predominantly occurs in the ICH/ESSF (7 plots).

mainly maturing seral stands (75-80 years) of P1, B1, Se,
Lw with moderate B1 regeneration; Lw vets can occur; well
drained medium to coarse textured, often shallow soils on
moderate slopes; limited soil moisture for much of the
growing season can inhibit tree regeneration; high ground
cover of shrubs, notably Paxistima myrsinites and
Vaccinium membranaceum, reflects high Tight conditions in
the understorey; occurs most frequently in the ICH/ESSF

(10 plots).
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predominantly mature edaphic climax sites with no trees or
open-canopied stands ( > 60 years) of poor-growing F(Py)
with lTimited F regeneration; F, Py vets may be present;
steep shedding slopes of coarse textured materials and
shallow soils or rock outcrops; very low soil moisture
availability and insolation severely limits regeneration,
combined with the intense browsing of tree seedlings by
wildlife; vegetation adapted to very dry conditions such
as Juniperus communis, Penstemon fruticosus,
Arctostaphylos uva-ursi, Heuchera cylindrica, and Sedum
stenopetalum, are characteristic of this type; occurs most
commonly in the ICHa and ICH/ESSF (20 plots).

disclimax vegetation on frequently active avalanche
tracks; dense vegetation and physical action of avalanches
inhibit tree regeneration; well drained coarse textured
soils with a high coarse fragment content on steep gullied
terrain; sporadic seepage caused by late-lying snow at
higher elevations; lush herb growth dominated by Heracleum
sphondylium, Epilobium angustifolium, and Veratrum viride;
?xtends grom upper elevations of the ICHa into the ESSFc

2 plots).

fairly open mature climatic climax stands (approx. 150
years) of Se, B1 with moderate Se, Bl regeneration; no
evidence of fire-scarred vets or burnt snags; well to
imperfectly drained medium to fine textured soils, often
with a Tow to moderate content of coarse fragments, on Tow
to moderate slopes; open-canopied conditions provide
adequate 1ight for regeneration but high competition
exists with the dense shrub growth of Rhododendron
albiflorum, Menziesia ferruginea, and Vaccinium
membranaceum; most commonly occurs in the ESSFc (7 plots).

mainly maturing seral stands (60-80 years) of Ac, Ep, C
with moderate C regeneration; no evidence of fire history
recorded; poorly to moderately well drained, fine to
coarse textured soils occasionally with a high coarse
fragment content; flood plains, seepage sites or
moisture-receiving slope positions with frequent high
water tables; nutrient and moisture-rich sites which
produce a high cover of understorey vegetation when 1ight
is not 1imited by a closed canopy; Cornus sericea,
Oplopanax horridus, and Equisetum arvense are
characteristic of this type; occurs exclusively in the
ICHa (2 plots and field notes).

- 35 - August 10/83



4

: 0002k

disclimax vegetation on frequently active avalanche
tracks; high competition with vegetation, and physical
action of avalanches inhibit tree regeneration; moderately
well to well drained medium to coarse textured soils in
normal to receiving slope positions; frequently gullied by
stream channels, with seepage originating from late-lying
snow above; dense shrub growth dominated by Alnus viridis
ssp. sinuata, Sambucus racemosa, and Rubus parviflorus;
extends from upper elevations of the ICHa into the
ICH/ESSF (2 plots and field notes).

open mature edaphic climax stands (60 years) of B1,

(Se, P1) with sparse B1 regeneration; tree growth and
establishment of regeneration limited by drought and the
short growing season at higher elevations; steep rocky
slopes and/or shallow coarse textured soils on shedding
upper slope positions; moderate ground cover of low
growing shrubs and herbs; occurs in upper elevations of
the ICH/ESSF or in the ESSFc (field notes).

mature edaphic climax sites, frequently treeless or with
isolated tree islands of stunted Pa and L1, but mostly
dominated by low=-growing shrubs, herbs, and lichens
interspersed among rocky areas; steep, exposed upper slope
positions with shallow coarse textured soils, talus slopes
or rock outcrops; harsh climatic conditions and the short
growing season restrict growth and establishment of trees;
occurs exclusively in the ESSFcp (field notes).

mature climatic climax of treeless alpine areas or islands
of stunted Bl with limited regeneration; low-growing
shrubs and herbs or lusher meadows on lower slope
positions; cirque basins or moderate to low slopes with
deep colluvium or coarse to medium to fine textured
morainal, saprolite or eolian soils; harsh climatic
conditions and the short growing season limit growth and
establishment of trees; occurs exclusively in the ESSFcp
(field notes).

mature edaphic climax of treeless alpine areas or islands
of stunted trees of B1 and Se with limited regeneration;
moderately dense cover of shrubs and herbs reflects
adequate soil moisture availability but climatic
conditions (frost pockets and late-lying snow) and the
short growing season 1imit growth and establishment of
trees; open receiving areas, meadows, and gently sloping
or flat seepage sites at the base of rocky talus slopes
which stay moist from on-site or up-slope snowmelt; occurs
exclusively in the ESSFcp (field notes).
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Z - non-vegetated areas.
X - highly disturbed or cleared areas.

Correlation: At the time field work was being conducted for

this study, the ICHa and ESSFc subzones were still under

revision by the Ministry of Forests Ecological Classification
Program (Nelson Region). In January 1983, the subzones were
finalized for the region. A short discussion of the
correlation between the vegetation types presented in this
study (Figure 1.5) and the ecosystem associations of the
revised ICHa and ESSFc subzones is given below. For further
information describing the distribution and properties of the
subzones and ecological units, refer to the regional field
guide (Utzig et. al. 1983).

The subzone designations over the study area have been modified
in that the ICHa has been split into two variants, the ICHal
and ICHa2. The ICHal occupies lower elevations between 400-1
200 m2 while the ICHa2 is found above the ICHal; i.e., at
elevations above 1 200 m. The ICHal can be distinguished from
the ICHa2 by the presence of Py and Bg and the lesser
occurrence of Bl1. In general, the ICHa2 has a greater
predominance of Se and Bl, and appears to primarily include the
ICH/ESSF transition described in this study (Section 2.6 and
Figure 1.3). The ICHal and ICHa2 variants are still subject to
further clarification by ground checking and mapping. The
ESSFc occupies higher elevations between approximately

1 500-1 980 m but can occur at elevations below the ICHa2 in
areas where there is cold air drainage. The characteristics of
the ESSFc defined in the regional field guide correspond well
with the ESSFc described in this study. The presence of
vigorous Se and B1 regeneration, Rhododendron albiflorum and
Valeriana sitchensis on zonal sites, and the general absence of

Hw and C regeneration distinguishes the ESSFc from the ICHa2 at
lower elevations.

The vegetation types described in this study are rore refined
classification units than the ecosystem associations of the
regional ecological classification program. The vegetation
types cover the range of successional stages encountered
throughout the study area while the ecosystem associations
primarily represent maturing seral or maturing climax stages.

Correlations between the two categories of classification can
be based on similarities in vegetation composition, moisture
regime and subzone. The table below summarizes these
correlations. The ecosystem associations are indicated by
their respective numbers and are vegetatively described in the
species/association tables for the ICHal, ICHa2, and ESSFc in
the regional field guide (Utzig et. al. 1983).
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Table 4.1 Vegetation types correlated with the B.C.F.S.
Ecological Classification Program

ICHal ICHa2 ESSFc
VEGETATION ECOSYSTEM ECOSYSTEM ECOSYSTEM
TYPE ASSOCIATION ASSOCIATION ASSOCIATION

M 3 - --

v 1 - --

B 2 o= --

G 1(3) 3(1) -

P 3(1) 3 -

g 1(4) 1 --

0 - 1(4) 1

c

J

U* == s =

A s i 4(1)

E 4(5) 4(5) --

D* -- - ~--

R -- — 3

*not comparable as disclimax vegetation.

On the whole, the vegetation types described for this study area
appear to be drier vegetationally than the ecosystem associations
occupying the same range of soil moisture regime in the regional
studies. The vegetation types largely characterize seral stages
(and often young seral stages), so consequently greater amounts of
1ight and heat can penetrate through the more open tree canopies.
The serality, in combination with drier climatic characteristics
of the study area (Section 2.4) are the probable causes of the
drier composition of the vegetation types and the overlap of
vegetation types and ecosystem associations.
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V. INTERPRETATIONS

5.1 Interpretations for Predicting Hydrologic Impacts

This map is intended to present a series of interpretations which
will aid resource managers to plan future activities in a way that
will protect the hydrologic resources. The map allows the land
manager to recognize areas with potential hazards and plan around
them where feasible. Where hazard areas cannot be avoided, the map
provides information which can be used to anticipate impacts from
development and project the costs of mitigating unacceptable
impacts. The map, however, is not a replacement for site-specific,
on-the-ground inspection. The map is intended for detailed
planning, not site-specific management.

Forestry operations should find the map beneficial for planning
preliminary access corridors, selection of harvesting systems,
predicting environmental impacts of harvesting and access
development, and assessing the costs of various alternatives. This
interpretive map should be used in conjunction with the other folio
maps, as the other maps provide additional information which can
apply to specific situations (i.e., cost-effectiveness of two road
options may depend on stability and bedrock occurrence, as well as
the capability of the sites accessed).

The map is composed of five components which are described in the
map legend and discussed briefly below (see Figure 1.6).

a) Hydrologic Features: This component depicts the surface
nydrology of the study area. For more detailed descriptions,
licensing information, and intake locations one should consult
the accompanying Hydrology Study (Salway 1983) or the B.C.
Ministry of Enviromment, Nelson, B.C.

In general, most of the streams are of sufficient gradient to
transport sediment to downstream water-users, however, some do
nave pools and irregularities in their profiles to offer some
protection. Most streams also contain a number of debris jams,
which if disturbed could lead to significant sediment

movement. Most water-users have 1ittle or no sediment
protection, or water storage facilities at this time.

The springs are primarily associated with bedrock aquifers,
making them less susceptible to shallow disturbances, however,
their recharge areas are not well defined (see Section 4.1¢).
Extreme caution should be exercised when disturbing any
potential recharge areas.
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b) Mass Wasting: Mass wasting hazard designations can be an aid
in evaluating road corridors and selecting harvesting systems.
In general, as the hazard rating increases, the cost of an
operation will increase, if adverse impacts are to be minimized.

Very Low and Low - These areas offer few problems to
forest development. Careful application of standard road

construction and ground skidding techniques should result
in minimal impacts.

Moderate - These areas will require careful planning and
maintenance to keep impacts at an acceptable level. Good
management may require shovel construction, full benching,
and occasionally, end hauling. Regular maintenance will
be required to keep ditches and culverts open. Ground
skidding may require prelocation of skid trails or logging
on snowpack to limit disturbance. Cable systems may be
preferred in some areas.

High - These areas will require specialized engineering
procedures and low impact harvesting systems to maintain
natural stability. Road construction will often require
shovel construction, full benching, end hauling, retaining
walls or outsloping of the road bed. In areas of bedrock,
controlled blasting may be required. Cable or other
non-ground skidding harvesting systems will be required,
and selective logging may be required to maintain root
systems. Revegetation of disturbed areas with shrubs will
reduce impacts.

Extreme - These areas should be avoided whenever
possible. If unavoidable for road construction,
techniques 1isted above will be reguired. Forest
harvesting will likely result in mass wasting. These
areas should be designated EPA-(Es).

c) Surface Erosion: Surface erosion is an important (but often
subtle) contribution to site degradation and high road
maintenance costs. Downstream it often results in reduced
water quality.

Very Low--Moderate - These areas offer few problems to
forest management. Normal prudence in drainage system
design and maintenance should keep surface erosion to a
minimum.

High and Extreme - These areas will require special
attention to avoid soil loss through erosion. Recommended
treatments include: increased frequency of culverts,
outsloped road beds, minimize road grade, protect fills
with culvert extensions or riprap, water bars, avoid
ground disturbance during logging, avoid broadcast
burning, and revegetate with grass seeding and rmulching
(see Utzig et. al. 1982 for grass seeding mixes).
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d) Sediment Delivery Hazard: This interpretation attempts to
define areas where eroded material (initiated by mass wasting
or surface erosion) is likely to be delivered into a stream
channel or other water body. These designations are useful to
separate the risk of sedimentation or reduced water quality
from the risk of soil erosion per se. If eroded material does
not reach a stream channel or water body, the hydrologic impact
is negligible, even though the erosion may create a significant
loss of site quality and should be of concern to the land
manager.

Low - These areas are unlikely to supply eroded material
to a stream channel or water body. Normal prudent
management practices should bring acceptable results.

Moderate - These areas may deliver eroded materials to a
stream channel or water body. If these areas are
disturbed, special measures, as described below and in
Sections 5.1b and 5.1¢ should be employed to reduce the
risk of soil erosion.

High - These areas are likely to deliver eroded material
to a stream channel or water body due to their proximity
and slope. If water quality is to be maintained, soil
disturbance should be avoided in such areas. Areas with
moderate to high surface erosion and mass wasting hazards
should be avoided completely (i.e., EPA-Eh). Areas with
low to moderate mass wasting and surface erosion hazards
will require careful management including grass seeding,
mulching, detailed drainage design, and careful
maintenance.

e) Vegetative-Hydrologic Recovery: This interpretation is useful
for predicting the duration of impacts on the hydrologic cycle
due to vegetation removal. Removal of forest cover may affect
the timing and increase the quantity of water reaching stream
channels due to increased rate of snowmelt, loss of
interception, and a decrease in evapotranspiration. Sites with
rapid revegetation have short-lived effects (a matter of
decades), while other sites may not fully recover for
centuries. This interpretation should be used for planning
cut-leave ratios and the timing of a harvesting program. For
further information consult Isaacson (1977).

5.2 Engineering Features

The Engineering Features map is intended to present information
useful in planning access development and forest management. The
map allows the land manager to recognize areas with potential
hazards and areas with favorable slope conditions and surficial
materials. The map, however, is not a replacement for
site-specific, on-the-ground inspection. The map is intended for
detailed planning, not site-specific management.
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Forestry operations should find the map beneficial for planning
access corridors, selection of harvesting systems, locating
aggregate sources, predicting environmental impacts of harvesting
and access development, and assessing the costs of various
alternatives (both developmental and mitigation of undesirable
impacts). The Engineering Features map should be used in
conjunction with the other folio maps, as these maps provide further
information which may apply to specific situations (i.e.,
cost-effectiveness of two road options may depend on stability,
bedrock occurrence and rippability, aggregate availability, as well
as forest capability of the sites accessed).

The Engineering Features map includes five components which are
described in the map legend and discussed briefly below (see
Figure 1.7).

a) Slope Classes: This information is relevant for planning a
wide variety of management practices. In general, as the slope
increases the difficulty and therefore the cost of an operation
increases. Changes in slope are a factor in mass wasting,
surface erosion and sediment delivery hazard evaluations. The
slope classes were derived by considering ranges of slope
relevant to forestry practices and evaluating the frequency
distribution of slope measurements recorded during field work.

b) Slope Configuration: These descriptions of ground surface
conditions are useful for planning forest harvesting operations
and silvicultural treatments. Specifically they affect the
choice of yarding equipment, road and skid trail patterns,
landing locations and construction costs, and the ease of
mechanized site treatment.

Dissected - The shallowness of these gulily-like
depressions will be of minor significance to road
construction, but should be considered when locating
drainage structures and prescribing silvicultural
treatments. Differences in soil drainage between the
crests and swales may be sufficient to require special
treatments (see Gullied).

Fluted - This type of configuration offers potential
problems to road location, cut block layout or blanket
applications of silvicultural treatments. With careful
ground location of roads, landings and skid trails,
however, the topography can often be used to the
operator's advantage. Because the fluted topography is
composed of a series of bedrock-cored ridges and
intervening deeper soils, or a series of rock-faced
terraces with alternating steep slopes (see Figure 4.2),
it is essential that management operations include careful
on-the-ground location and inspection prior to
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construction or application. Silvicultural treatments

will require careful planning in areas with a complex of
productive sites and steep shallow soils or rocky sites.
Fluted terrain generally has a reduced hazard for sediment
delivery.

Gullied - Gullied slopes generally include steeply sloping
areas with increased mass wasting hazard and a high
potential for sediment delivery. Road and landing
development will require on-the-ground location and
careful drainage design, and may require special
construction techniques such as shovel construction,
riprap or retaining walls and extended culverts for cut
and fill control. Cut block design and harvesting
techniques should reflect the potential windthrow
associated with moist soils and exposed crests, as well as
the need for filter strips for sediment control.
Silvicultural treatments should include consideration of
the variation in soils between the crests and gully
bottoms.

Hummocky - These areas offer few special problems.
On-the-ground inspection will insure advantageous use of
the varied topography. Because this configuration is
usually associated with glaciofluvial deposits, there will
be minimal variation in soil drainage between swales and
crests. Mechanical maneuverability may be limited in
extreme cases, however, sediment delivery hazard is low.

Random - These areas are a diverse assemblage of slopes,
often composed of a topographic crest with slopes dropping
away in numerous directions. These areas should be

assessed on an individual basis for potential problems.

Simple - These areas are uniform and straightforward for
planning most operations. Attention must be given to
steeper siopes and their increased mass wasting, surface
erosion, and sediment delivery hazards.

Bedrock Occurrence: This component describes the probability

of encountering bedrock within a particular map unit. In
general, increased frequency of bedrock near the surface
results in increased construction costs, the degree of costs

depending on rippability and depth. An increase in bedrock
occurrence may also result in decreased forest productivity,

particularly with more resistant bedrock types.

Bedrock Rippability: This component compares the relative

resistance of the bedrock types to mechanical loosening by
ripper teeth attached to a crawler tractor. This information
is useful for planning road and landing construction, and
assessing costs of various alternatives. Non-rippable bedrock
types will require drilling and blasting, consequently
increasing costs.
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These interpretations are based on the relative differences in
bedrock characteristics which affect rippability: fracturing,
weathering, crystalline nature, presence of stratification or
foliation, cementation and hardness. They are not based on
field trials and therefore may require revision with actual
field applications. Results may also vary somewhat, depending
on the size of machine employed (the authors assumed D-7 to
D-8).

e) Occurrence of Construction Materials: This component describes
the occurrence of materials for use as aggregate or fill. This
information can be used in planning road location, locating
gravel pits and assessing costs of road options. The high
quality materials are primarily glaciofluvial or coarse
textured morainal materials. The moderate to poor quality
materials are medium to fine textured morainals and saprolites
or medium to coarse textured colluvial deposits. The areas of
high quality materials will provide adequate fill and surfacing
materials, while other areas may require hauling of suitable
surfacing and/or fill material. Coarse riprap material sources
will be designated as poor quality, but can be identified on
the terrain map as arC, raC, or aC map units.

5.3 Forest Capability

The Forest Capability map indicates the inherent ability of the map
units to grow timber. It is intended as a planning tool for the
identification of areas where forest management is more suitable.
It also allows for a comparison between forestry values and other
resource values in a multiple-use decision making process. It
should not be used as a timber inventory, nor for defining specific
silvicultural prescriptions. The various subclasses describe
naturally occurring limitations to timber production, and these
should be considered when assessing various management options (see
Figure 1.8).

Brush Hazard - Brush competition can often be reduced by choosing
harvesting techniques which favor advance regeneration or employing
site treatments such as scarification or controlled burning.
Immediate reforestation with large stock types can also reduce the
problem.

Cold Climate - Careful choice of species and seed source will reduce
reforestation losses. Maintenance of partial forest cover may be
necessary to protect regeneration.

Slope - A1l management planning on these sites should carefully
consider the potential for site degradation. Mechanical site
preparation will not be an option.
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5.5
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Shallow and Coarse Textured Soils - These sites are droughty with

shallow organic layers. Broadcast burning should be avoided.
Reforestation may require partial cuts for maintenance of shade and
a careful choice of species and stock type.

Silvicultural Interpretations

The silvicultural interpretations are displayed in the following
table. These interpretations are primarily derived from data
collected for the Ecological Classification Program - Nelson Forest
Region (Ministry of Forests), with minor modifications based on
observations within the study area. A correlation of vegetation
types and ecosystem associations can be found in Section 4.4. The
potential uses and 1imitations of these interpretations are fully
explained in the Forest Service publications (Utzig et. al. 1982,
1983). More specific stand management information was beyond the
scope of this study and awaits collection of further mensuration
data.

Management Priorities

Long-term forest management priorities can generally be summed up
with an answer to the following question: "Which areas will produce
the largest volume of wood, in the shortest time, at the least
cost?" (assuming acceptable harvesting impacts). To answer such a
question in detail would require years of study, including such
topics as market trends, insect and disease problems, social costs
of harvesting impacts, response to fertilization and stocking
control, tree species selection, etc. However, for a planning
exercise, a relative comparison of forest capabilities and
harvesting cost should suffice to demonstrate priority areas. The
table below combines Engineering Features, Hydrologic Impacts and
Forest Capability information in such a way. This scheme does not
consider other conflicting uses such as recreation, wildlife, or
agriculture. The left column describes a range of management
priorities and non-operable areas. Each horizontal line within the
priority designations, gives a combination of characteristics
defining that priority level. Specific symbols are defined on the
respective map legends.
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Table 5.1 Silvicultural interpretations

I AL >

310GEO- MM
so1L MOISTURE | VEGETATION | RECOMMENDED HIBIMM o] RELATIVE
CLIMATIC INOTHROW | PRESCRIBED AR
TYPE REGIM: 1 REGENERATION 5 ORES
SUBZONE EGIME TYPE TREE SPECIES3 STocKING | HAZARD BURNING PRozr)ucm‘mv
LEVEL (St./ha)d
0-1 J £,P1,Py,Lw 3005
ICHa
2 ,P(6) Pw,Lw,F,Py(P1) 600
A high avoidance v?;y
0-1 J se,P1,fF,Pa 3008 o
ESSFC
2 R P1,5e(F)2 500
1 g F.P1,Py.Lw a00° very low
1CHa
g 2(3) M,P(C.G.V) | Pw.Lw,F.Py(P1) 500 high ayoliinda Tow
1 J Se,P1,F,Pa 1005 verv low
ESSFC =
2(3) R ?1,5e(B1) 500 Tow
2 3(3) Py, F(P1,Lw) 400° high very low
ICHa 2-3 4P Pw,Lw,F,Py(P1) 800 avoidance Tow
(7 3-4 G, T(V) Pw,Lw,F(P1,Py,Se)| 1000 spot burning medium
3 3 moderate s
£ssFc 2- R P1,5e(81) 700 avoidance Tow
3-4 A se,p1,812 800 spot burning | medium
5
IcHa 1-2 J(8) F,Py(P1,Lw) 400 very low
2-3 M,P(6,C,V) | Pw,Lw,F,Py(P1) 800 medium
0 =
1-2 J Se,P1,F,Pa 400° Tow avoidance very low
gssFc 2-3 R P1,5e(81)% 700 Tow
3 A se,p1,812 800 medium
it 2 J.8(¢) F.2y(P1,Lw) 4005 avoidance | very low
F 3(4) 6,P(M,T) Pw,Lw,F(P1,Py,Se) 800 Tow spot burning | medium
ESSFc 2-3 R P!,Se(Bl)z 700 avoidance Tow
2 3(8) 7.,2y(P1,Lw) 4005 very Tow
G ICHa Tow avoidance
2-3 M,P(G) Pw,Lw.F,Py(P1) 300 Tow
2-3 P(C,M,Y) Pw,Lw,F,Py(P1) 300 spot burning low
ICHa 2 ? Tight
i 3-4 6(M,P,T) Pw,Lw,F(P1,Py,Se)| 200 doderate |-breadcast | medium
-3 R,C ?1,5e(81)2 700 avoidance low
£S5Fc 5
3-4 A Se,P1,81 800 spot burning | medium
3 M,P Pw,Lw,F,Py(P1) 300 spot burning | medium
1CHa s light
X 4 3-4 G,T Pw,Lw,F(P1,Py,Se) | 1100 low broadoast medium
| £ssFc 3-4 A(0) se.p1,812 800 soot burning | medium
s 3-4 5(2) ou,Lw,F(P1.Py,Se) | 900 Tow X medium
u 4-5 T(E.G,0.¥) | Lw,Pw,F,Se(Hw,C) | 1100 moderate |  iSME. | high
£SSFe 4-5 A(C) Se,P1,81 300 moderate medium
5 i -5 G(P,T) Pw,Lw,F,Se(P1,Hw) | 1000 moderate b,n;;?,ft nigh
5-6 £(0) Ac.Lw,Se,FiC(Hw) | 1200 high broadcast high
= mea 1yl
” ICHa 5-6 £(G,7) Ac,Lw,Se,F,C(Hw) 1200 broadcast high
o a ~ high Tight
& 1 g
L ESSFc 5-6 A se,P1,31 30) broadeast medium

1 =
'vegetation types X,Z,U.D are non-forested: H,L,S are ESSFc
parkland and are £PA or non-forested

2
“F,Lw and Pw may show good growth below 1700m, but occur

sporadically; correct provenance is essential

389 accurs sporadically and may be useful for increasing
volume due to its shade tolerance; use with F,Lw or Pw

on submesic to subhygric sites

iincreases the number of stems by 30% where P1 exceeds

70%

of the total

Ssome sites non-forested
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Table 5.2 Management Priorities

Forest Mass Bedrock Sediment Surface

Priority Capability Wasting Occurrence Delivery Erosion
G 1-2 1-5 ——- XTI
High G 3 1-3 X —
M 1-2 1-5 ——— i
G 3 1-3 a alitedl
G 3 4-5 ——— —
Moderate G 4 1-5 X b i o
M 3 1-3 - -
P 1-2 1-3 —— _—
M 3 4-5 m-- —
M 4 1-5 X0~y -—-
Low P 1-2 4-5 -— -—-
P 3-4 1-5 -— -—-
EPA (Es) -— 5 e . S
EPA (Eh) -—- 4-5 o a L
» 2 4-5°
EPA (Ep) v - p— S i
Non-forested N - - S oy
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5.6 Wildlife Habitat

This section attempts to describe the capability of the various
vegetation types for use by selected wildlife species by season.

The abundance of seral stands within this study area provides highly
diverse habitats for wildlife species. The climax stand types
provide essential cover for thermal protection. Cultivated fields
and orchards provide winter to early spring range for elk and deer.
Frequent evidence of elk and deer was observed in most of the lower
and nmid elevation vegetation types. Bear are wide spread throughout
the area, while mountain goats are restricted to the upper
elevations. Between 1940 and 1970, mountain caribou were
encountered regularly by trappers in Clint, Carney, Fry, Salisbury,
and Gar Creek drainages in mature forests above 1 100 m. Snowfall
variation and snow quality (hardness, density, etc.) affect movement
patterns of all species year to year. The criteria used to describe
the habitats is discussed below (adapted from Vold et. al. 1980).

a) Snow interception: tree canopy cover, <40% = low snow
interception; 40-60% = moderate snow interception; >60% = high
snow interception; snow depths exceeding 1 m are generally
1imiting for deer and elk; C and F are most effective at
intercepting snow.

b) Movement corridors: winter-areas with reduced snow depth;
surmer open areas with low to moderate shrub growth or mature
stands with sparse undergrowth.

¢) Lower elevation areas: preferred for winter habitat by deer
and elk due to lower snow depths.

d) Winter range: critical areas for deer and elk are low
elevation, open, insolated slopes or dense closed canopy stands
of F or C with good snow interception and adequate thermal
cover; tall shrubs offering spring browse above the snow are
also desirable; critical areas for caribou are mature stands at
mid to upper elevations supporting a high density of epiphytic
lichens, especially Alectoria sp., and tall shrubs available
for browse above the snow.

e) Aspect: exposed, insolated south-southwest aspects have
reguced snow depths and lose winter snow cover early providing
late winter range.

f)  Canopy cover: provides hiding cover, snow interception,
thermal protection.

g) Summer and fall range: abundance of suitable shrub and herb
forage, valley bottom and high elevation slopes and meadows
provide good habitat for most ungulate species.

The vegetation types are characterized below, including observations
recorded during this study (additional information from Herbison

1981).

: 0002k -48- August 10/83



£8/01 snbny “bb- 12000:
wnjedids voakdoaby :sa129ds asmoaq Jo youab quay poob asmoaq Aneay
eL0ji{N}aq eaevapds -31eaapou
‘ep|ojiute 4atyouejauy :sapdads 95n0uq Jo yiMouab gnays aresapou 01 Mo spreay
abea0y Jajugn poob apiaoad sapaoisaapun Asseab ysny yrpn sapdoued saay uado $S3PIS Jeaq Amm
J12 pue 490p 40§ abues JIJUIM JUIL[IIXD BPIA0Ld S3POS 433 vieylthbes
yoednous Moy A4aa yiim sadoys Bugoey Asamynos-yinos deals uolreAata mol S100S §[9 ez yaoues peg
snnotdsuod 4a1sy '9PIUBPLII0 WNADFRY]  :SALI3ds asmoaq Jo yimoub quay poob
S{SUDYRIN PJBIIUOT ‘L{0J1{NI3q edeaids
‘521U SaAn ewgysixed ‘snaogyiaded snqny :sapoads asmoaq jo 1rnosb qnays poob ASMOUq
abues J3UIM noqraed Joj Ifqerns ajeaapou
aae unaqe(b 490y pue eyenuys dss SIpLJLA SnULY JO yImoub qnaus ybry yigm sangs spiea]
J19A02 pue wop3dassojul mous d3esdpow 03 Mol apinoad sardoued uado Atarey $7e0s avaq (A)
Jeaq pue S103s |3 eiaqeib
<299p “Y(2 Joy abued Jsumms A(Jed uo butads sappaoad sadogs moy uo yoed mous ajesapout S3PIS 49IP CIOIA
vasaa epaebeay ‘paayooy wnuodsiq
“unuRLqUN 0D WNLLL] ‘SU3ISAQNA spisoabeueje) :sagdads 9smoaq Jo ymoub quay ajesspou
snqie sodaesjaoyduks ‘sysuapeued egpaaydoys ‘wnaqeib
120y ‘edJedounkb esoy ‘ep(ojiuje 4ajyoue(duy :sapdads asmoaq Jo yimoab qnays poob
abuea bupads buipgaoad A|aed s211S Jjo S| mous snyy ‘adAy uojreAdd moy
J99p pue }[9 J0j 4IA0D pue saanjeaadudy pajesapou J29p-6upyybys
cuoy1desaaiut mous ybiy appaoad eysapzusw ebnsyopnasd Jo sajdoueds Isuap 1294 1p
Bupuds s 4194 JO You (qgd 6) (elaarew ayi{-sujaIsnoe| U} pajou YIf[ fesauu asmoaq Anedy
je3iqey Jaydadpoom aoj juasaad sbeus spredl (w)
¥12 pue 499p 4oy sbues Huiads S3PIS A9IP unyg goy tnby
Kaea 40 asqupn poob sapiaoad sadoys Bupoey 3samyinos-ynos deais uo yoednous Mot s1005 }18 epuoyey
SUOL1RAIIS () adAy
su0{3d1ua0saq 3e3Lqey SLIPLIM AJLIPLIN uo1je1abap

Arriqede) aJLipLIN £°G aLqel



£8/01 asnbny ~0G~ 32000°
a41snoe| saqry ‘eauibnaasy vESILZUIY ‘WNIIRURAGWIW WINLULIORR
“sar1ursakin ewpysgxed ‘snaojjrased sngny :sapoads asmouq se pazELLIN SqnAys
a09( ;om abeaoy aosuwuns A ddns wnaodeueaquate unjupddes o SILALaq
SLIYM Y12 pur 493p Joj abeaoy [tey o3 Bupads ajey soppaoad yMmouab qnuys sjedapow
904nos Jajem saumns e dppaoad sbugads pue sdoaas IsMoAq
saanjedaduws] awauaIxd Ul uo1123304d [euuayl pue 4dA0d sappAosd unso|d  Adoued 93e43pon-no |
Spue}s XPuWl{d 49p(0 dY) Ul noqjued 204 (-ds epuao1day) abeaoy adjuim poob S1e3S Jedq (0)
abues J2IUIM N1 40 UXIIPp J0§ UOfIeRAdLS U} ybry ool auae S35 43P pPUNIAS
$911S 150t 13K mous Jo uoj31daoadiul ybiy 01 ajeadpour sapraoad sunsoyd Adoued asuap $31P0S )3 LIARRTRRY)
(sJedq J40J S91A43q) wnadeueaquis wnuiddep s satdads afedoy quentyrufps Auo ayy
324n0s Jat1en Jauums e apraoad adfy spyy ybnoayy Buipauncoo sdass pue sbupads
noqiJed aoj abeaoy
Jajurm se (-ds erg0312aly) suayory apiaoad eredp|d efnyp Jo $9947 JUIPLIAP puw aunjew
saunjeaadwa) pajeaapom pue .aA0d dapiAoad suolyppuod Adoued pasoyd (1)
Y19 pue 430p a0y abuea Bupads A|aed 03 43juA Jo seaae sapiaoad yoedmous ajeaspow 0} spieay ejeot id
no| Bupignsas ayr pue mous 3dadudjup A13A1329539 eredrid efnyp jJo saarod Adoued asuap S103S 499p efnyy
©ISOA elaebeay
14900y wnaodsig ‘suadsaqna spysosbeweie) :sapdrads asmouaq Jo yynodb quay ayesspou ,
unaseueAqUAW WNEUEIoe ‘unaqe(b 490y ‘epojiinyaq eavaids ‘spsuspeued eipasydayg
‘edaedoumfb esoy ‘eirlojiuge Jatyoueiawy :$3pdads asmoaq Jo ymosb qnays poob
aeaq 40§ 3beaoy Jsunins poob appaoad wnadeuesquaw wWNEUEIIRR JO SILAABG Asmoaq
je1pqey 43y2adpoom Joj juasaad sbeus ajesapou
Adoued 9943 Aq uol3dsouajup Mmous djedsapont A|jesaush spLeay
abuea (ej 03 Bupads ajrey apiaoad yoedmous ayeaspow yIpm sa3gs adoys aamog S1e3S aeaq (d)
N1 pue 43ap Joj abues Bupads Ajaes pue uajuim aje a0y S)PIS A39p P3403U0)
alqeytns age ymoab qnays ybry Ayazeaspour y3gm sadoys bupoey ysamyinos aadams s3e9s ¥19 sntg
angea abesoy Juedfyiubys jo squay ou
UIN2JBURAQUIDW WNJULIJORA “SLSUIYRIN PASILUOTF ‘SaYLulsIAu
enpysixeq ‘ungiojinbe epuoyey ‘edaesouukb esoy :saLdads asmouq Jo yIMoab qnuays Mo !
Je3q 403 abeaogy asuuns poob appAoad undoeURAqUAN WNLULIDIRA JO SILALI]
(bupads) quagoryyns 9sSMOUq
11AurA0us Lun §|3 pue 433p Aq 3jqeureiqoun os Jybray up moy A {eaauab eieals qnays 21249poU-MO |
jelpqey 4ayoadpoon dog juasaad sbeus s|tesy
noqraes o) abeaoy 4dajupm se ajqerins (-ds e1a0329(y) SUaYIR| dppaoxd spuels xewy|d S1e0S Je3q (9)
439p pue }|2 40) 3bued (e 03 bupads dye| appaoad S3eIS {9 ej(oj1buogqo
Adoued 2043 Aq uopydasuajup mous moj y3im sadogs ajedapow 03 MO| UOLIRAI[D plur S102S J433p 2492Apo0y
SUOL)eAAISqQ ad Ay
suo13d1aosag 3eitqey aJLPLIM JLIPLIN uoirjerabap




I.HMl

£8/01 Isnbny 12000:
wnadeueAqURW WNuddep ‘esubnaany
RISILZUDY ‘SISUaYeIN BU3DUOT :531dads asmouaq jo ymoub qnuys ybiy 01 sjeaspouw
Syjuow Javauns 9y} Ui saunjesadws) 43002 pue 4aA0d Buppiy sapiroad Adoued 3auy
924n0s Jaijen aaumns e Buippaoad abedaas aaey sa31s ouos
noqried Joy abeuoy
49qutn Burpiaoad (-ds epa032agy) susydrt Jo A1isuap ybiy e ARy SIAUT 4BPLO JO Spuels (v)
NP pue 433p 40§ abuea ey pue aduns edaenolseg
apiaoad Adoued 2941 ayy Aq u013daIadIUL MOUS ITRJAIPOW 03 MO| YILIM SAILS uofreAald ybiy spLeay SaLqy
9(PIUBPLIO0 WNAYIL{RY]
“OpLJIA uNaRAAA ‘unJopjpueab unguosyihay  :sapoads asnoaq Jo yinoab quay poob
CERINEL
snua0) ‘snaogjraded snqny ‘esowased snonques :s3Loads asmoaq Jo ymouab qnays poob
Jeaq
pue ‘noqlaed ‘4dep “¥|9 J0j 43A0d pue 3beaoy saumns sapgaoad uogyerabon apiqs usny
94n0s Jajen aauums e apiAosd abedass pue sweduays
abuea adumins ;w__gcw burptaoad 3saiy mous aso| sadoys bupoey yinos uadaays (n)
nogides pue 433p Y13 40§ abues |Qey pue asuwuns el 03 PaIIiAISaL Ajisouw eaoLp
st 2df) styl os yoedmous 4dJUIM YBIY € UL SI|NSAL $IIUY JO YIBL pUR UOLIEAD[D UBIY  SUOLIPAJISTO ON LEIERT)
suaodsaqna syisodbewee) ‘wniestds uoakdoaby :s310ads IsMoUq JO JIA0D qUIY MO|
snqe sodaespioyduks *sisuapeurd eipaaydays asmouq Aaeay
‘er[oj1Maq pavatds ‘eppojpuie Jatyouepauwy :sardads asnoaq Jo yimoab qnays aresapou 1e06
uoLS0dd “ju-Bugyybis
aoegans 01 9|q11daosns [10S [eJduju auaeq jo seaqe abae| saonpoad ajipLin Aq asn Aaeay ARENNT)
fupads ug suopyeAad AALSUIIXD
29461y 07 A0pEat0d JududAol e Se adAy SIUY JO SN 3JeILPUL S[LPAF Y|I DALSUIIXD -s|1edy (r)
SUOJJPAILD JAMO| }° H[D pue Ja3ap $300S |9 S LUNII0 D
404 abuea aarupn sapiaoad sadoys Bupoey 3samyinos-yinos pasodxs daars uo yoedmous Moy S703S 43P snaadjunp
UN3IRURAGUAU WNLULIIRR
SISUIYPIN BAPILUOT ‘SIYLUESIAU ewlysExed :s3LI9ds asmouq Jo yimouab qnays poob  asmo.aq ajesspou
m;cwa a0y 9beaoy Jsauuns poob sapiddns wnaoeuraqUB WNIULIDRA JO AIA0D GNUYS SALSUIXD s]eos j|9 (2)
¥12 pue 499p 40j abued {|ej oy Burads azef apraoad aafkey s3e0S Uedq eye|{aqun

fdoued 2943 ayy Aq uo13dadssajul Mous 23eJ3pONl YILM SEIAR pUR S$IYLS UOLIRALD AdybLY

53095 J99p

el rydettiy)

suo11diadsag 1e3tqeli ¢ (PLEN

SUO 1) PALISqQ
9JLIPLLA

adA}
uotryeyabap




£8/0l Isnbny -8~

A2000:

ej10J110] eIjuay ‘unisedods unpugdoep  :s9poads asmouaq 4o ymoab quay aeaspouw
WNIHeURAUBN WNULIIPA

€$IIULSAAN PUISIXPG €SISUAYRIN BAID[UOT :$3L03ds Bsmoaq $O yamoub qnays ajeaspow
J4paq pue ‘noqpaed ‘asdp ‘Y19 40y sbues (ley pue asumns ajqerins

(*ds era013aly) suayorl d243Aydids Jo 4aA02 31eL3pOW

¢ aAey edaedopsey sarqy jo spuels uado asow dy) se nogjted 4oy Lepauajod sbuea usjuim
noqraes pue ‘y{3 ‘499p 40y obues asuums Ajaed

BuiptAoad A|aea mous aso| sadoys Bupoey 3samyinos-yinos daags ay) 134 oedmous JduLM
ybiy e up 3nsaa Adoued 33ay ayy Aq uoj1dadsalul MOUS MOL YIIM SIS UOLIRAILI by

SUOLJPALISqO ON

(¥)
unJoyrqre
10J4pUaPoOPOYY

j4x00y wntodsyq ‘uojyesouabos eyedr(d efnyp ‘sniopyiased

sngny eaa(aas snuao) ‘unaqelf 4oy  :s31dads asmoaq 40 yMoab JUI(9I%d 03 djedspoul
Syjuoll JBUNINS U}

saunjeaaduay (002 pue sadeyd Buipty appaoad 49a00 Adoued 9943 pue yjmoab qnays ybry
S971S JSOW U0 punos aeak 9|qe|LeAe 491eM

1e71qey asoou {eap} aplaoad sqnuys [ (e} SSUIP YILIM SITLS upeydpoops 3an

y19 pue 493p a0y abuea Bupads o3 a23ugm d1e| poob

aptaoad Adourd 2auy ayy Aq uopydssuaajut nous ybiy 01 31eAIPO YILA SIAES UOLIPAILD MO

SUO|IPALISQO OY

(3)
EHIET WL
unyasinby

a1eIUap 1990 wWNAIaL(eyl ‘sniqogixatdue sndoydausys :s910ads asmouq Jo yimoub quay poob
WNAJRURAQUIW WN LUEIDRA *BAISNIR|

saquy ‘vsowaoea snonques ‘snaofytaded snqny :sajoads asnoaq jo ymoab qnuays poob
noqaes

pue “aesq ‘499p ¥|9 Jog obedoy Joumns pue A3A0d sappaosd uop1elabaa apiris ysny

> 324n0s J3jem Jaumns e 3plAoad abedsas pue sweauss

abuea Jgaumns Jaap4ed Buipiaoad 3sdpy Mous dsol s3dadse Bupoey yinos

noqraed pue ‘)13 “4d3p 40y abues ([ej pue sdwuns djef JoJ I|qeIINSs ISOW

s1 adky syy os yoedmous Jajuim ybyy e U I(NSAA $IIAT JO FOR| pUT UOLIRADLD ubLy

SUOLIRAIISQO ON

(0)

spLpjugsse
s1493dokag

: suop3dpaosag 1e1Lqel 9 EIP LN

SUO0 110AL3S )
AJLIPLIM

adAy
uorelabap



£8/01 1snbny ~£G- ¥2000:
seade Bupjew Y9 se pazp[iIn ade
0S|® pue [|PJ PUE JABUAINS UL JOPLAJ0D JUIWIAON P3JIpA3saaun ue apiaoad smopeaw uado
+ds x3ae) "SIsusydlLs euepsdjep ‘wniaedods wniuipdodep ‘spaenbuelay (S)
0172U35 “IPLALA WNAIRAAN  :SD1I3dS BSMOUQ JO UYIMOUAB qudy ajeaapou 03 Mo| staenbuepay
UNIJRURAUIN UNPULIDCR ‘SiSuayeIn [JBENEIN
eUIDILUOT “SISUIYIILS SNGU0S :SIL23ds aSMOUqQ JO yImouab qnuays 93easpow 01 MO
potaad usuums 3533304y (1
ayy furunp uotr3}oazoad [ewusyy apraosd suotieas|s Jaybiy asayy e saanjesaduny (00d ea0(J LAred
1006 upejunow uojg abues punoa aeak spraoad sadoys sniey pue sevaae Ayd0J rLnzny
904N0S J433PM [ [PJ 01 JdUNINS
e apraoad (spaenbueiay 0123uas) adAy uogrelaboa 3s93139M 91 up abedass pue sueas)s (m
SMopeaut 9y} Ul uo}3e}abaa gnuays asodxa 01 A[JuagoLyns siaw aptoeab
mous ayy [i1jun Bbupads Agaes ayj up noqiaed aoj abeaos wayor| appAoad spue(si 99u} LN B LRETTT

Jae3q pue u49ap ‘Y3 40§ abuea [rey A(4es pue aswuns
ajey 03 adk1 siyr jo Arpprgeitns Jpwerg yoedmous ybiy pue SUOLILPUOD DJpjewi|d ysaey

aeaq ALzziay

sadA| puepyaeq

suo}3d1a9sag 1eILqR AFE(PLIN

SUO}IPAULISqQ
2JLIPLLN

adky
uotye)ahop



BIBLIUOGRAPHY

British Columbia Ministry of Agriculture. 1958. Climate of B.C.
Victoria, B.C.

Canada Soil Survey Committee. 1978. The Canadian System of Soil
Classification. Canada Dept. of Agriculture Publication 1646.
Ottawa, Ont. 164 pp.

Ceska, A. and H. Roemer. 1971. A computer program for identifying
species-releve groups in vegetation studies. Vegetatio 23:255-77.

Chapman, P. 1981. Where the Lardeau River Flows. Sound Heritage
Series No. 32. Provincial Archives of B.C. Victoria, B.C. 84 pp.

Clague, J. J. 1981. Late Quaternary geology and geochronology of
B.C., Part 2. Geological Survey of Canada Paper 80-35. Ottawa,
Ont. 41 pp.

Conner, A. J. 1949. The frost-free season in B.C. Canada Dept. of
Transport, Meteorological Division. Ottawa, Ont.

Environment Canada, Atmosphere Environment. 1975. Canadian Normals
1941-1970. Vol. I, Temperature; Vol. II, Precipitation.
Environment Canada. Ottawa, Ont.

Fyles, J. T. 1964. Geology of the Duncan Lake area, Lardeau District.
B.C. Dept. of Mines and Petroleum Resources Bulletin #49. Victoria,
B.C. 87 pp.

Herbison, B. 1981. Personal Communication Regarding Wildlife Sighting
and Habitat. Argenta, B.C.

Hitchcock, C. and A. Cronquist. 1974. Flora of the Pacific Northwest.
University of Wash. Press. Seattle, Wash.

Isaacson, J. A. 1977. A computer model for determining water yield from
forest activities. U.S.D.A. Forest Service. Coeur d'Alene, Idaho.

Jones, R. K. 1978. The numerical classification and mapping of
vegetation in two mountainous watersheds of southeastern B.C.
M. Sc. Thesis, University of B.C., Faculty of Forestry.

Jungen, J. R. 1980. Soil resources of the Nelson map area (82F), RAB
Bulletin 20. B.C. Ministry of Environment. Victoria, B.C.

Mapping Systems Working Group. 1981. A soil mapping system for Canada:
revised. Land Resource Research Institute, Contribution No. 142,
Agriculture Canada. Ottawa, Ont. 94 pp.

: 0002k -54- August 10/83



Moon, D.E. 1980. Mill and Woodfibre Creeks Resource Inventory and
Planning Base. Agriculture Canada, Soil Survey Unit.
Vancouver, B.C. (map folio).

Moon, D. E. and C. J. Selby. 1979. Procreating polygons or hybridizing
soil and vegetation. Agriculture Canada, Soil Survey Unit.
Vancouver, B.C. Unpubl. mimeo. 2 pp.

Patterson, J. M. and R. A. Whitaker. 1978. U.B.C.: C Group
Hierarchical Grouping Analysis with Optional Continguity
Constraint. Computing Centre, Univ. of B.C. Vancouver, B.C.

Reesor, J. E. 1973. Geology of the Lardeau Map Area, East-Half.
B.C. Geological Survey of Canada Bull. 369. Dept. of Energy, Mines,
and Resources. Ottawa, Ont. 129 pp.

Resource Analysis Branch. 1978. Terrain Classification System.
3rd Printing. B.C. Ministry of Environment. Victoria, B.C.

Salway, A. 1983. Hydrology of the Argenta Slope. B.C. Ministry of
Forests Report. Nelson, B.C.

Utzig, G. F. 1978. Classification and detailed mapping of soil and
terrain features in two mountainous watersheds of southeastern B.C.
M. Sc. Thesis. Univ. of B.C. Vancouver, B.C. 160 pp.

Utzig, G. F., D. Macdonald, P. Comeau, G. Still, M. Ketcheson,
T. Braumandl. 1982. Ecological Classification for the Nelson
Forest Region, Revised 2" approximation. B.C. Ministry of
Forests. Nelson, B.C.

Utzig, G. F., D. Macdonald, P. Comeau, G. Still, M. Ketcheson,
T. Braumandl, A. Warner. 1983. A field guide for the
identification and interpretation of ecosystems. B.C. Ministry of
Forests. Nelson, B.C.

Vold, T., R. F. Ferster, T. K. Ovanin, R. D. Marsh, G. P. Woods. 1980.
Soil and vegetation resources of the Pend d'Oreille Valley. B.C.
APD Bulletin 2. B.C. Ministry of Enviromment. Victoria, B.C.

Walmsley, M., G. Utzig, T. Vold, D. Moon, J. van Barneveld, eds. 1980.
Describing ecosystems in the field. B.C. Ministry of Forests Land
Management Report No. 7. Victoria, B.C.

=
Wittneben, U. 1980. Soil Resources of the Lardeau Map Area (82K). RAB
Bulletin 15. B.C. Ministry of Environment. Victorja, B.C.

¢ Vs < ; )
i 1\ {id) e A % FED ey | (7 >/ , o 5
We 'S, W (T% | / T )oK Plhysiearaebe

N7 P B, 7~ N / —
</ ~0 B . 1 . s "
Nezrma o PLVVED L, e Oalz . M"'f\.< =t

’,/ " f’/ At ( Mivners 2 hno C” S

: 0002k -55~ August 10/83



APPENDIX

/’ N ™~
unTE RECONNAISSANCE FORM A,
SITE TYPE PLOT Ne.
ey PLOT SIZE
TRANSECT |
LOCATION 4
AIRPHOTO NO. ______ X CO-ORD.____Y CO-ORD. N.TS. NO. -
o
ELEV.. ... .. SLOPE % ASPECT___° EXPOS. TYPE g
b}
MESO SLOPE POS._____ HYGROTOPE ____ TROPHOTOPE 2
SITE HISTORY
GEOLOGY
/ BEDROCK TYPE COARSE FRAG. LITH.
SOiLS
SOIL CLASSIF. TERRAIN CLASSIF.
HUMUS FORM DRAINAGE CLASS______ ROOTING DEPTH cm
SEEPAGE WATER DEPTH em  ROOT RESTRICTION LAYER AND DEPTH cm squeF;FTA:AEra
HORIZON | DEPTH [ COLOUR [P ] TEXTURE] wuriot TRACT STRUCTURE [mors, MISCELLANEOUS HUMUS
=
o D. W
i
E& BEDROCK
gé ROCKS
g MIg&fEAL
WATER
NaTES
SUBZONE SUCCESSIONAL STAGE ______ STAND AGE
VEGETATION  grrara coverace:- Trees SHRUBS [:] HERBS D MOSSES D
[A]B]C
% % %
-
a
p ]
Q
-
a
x
9
'
= | TREE & HEIGHT CALCULATIONS AGE CALCULATIONS
9| species | OBH |/
= c| Top BOT. | TOTAL | %S [ S.0. | WD | COR. | HEIGHT | COUNT [/, | PCOR | HT.COR] AGE
5
0
&
=




SITE DESCRIPTION FORM N° | 03032

PAGE 1 . OF

Mark a cross (x) over parameter number when not to be entered into computer.
Mark a slash (/) over parameter number when not found. Parameters which must be filled in are circled.

1. Proj. ID SIS (SN [SE—

2
NTS T SRR T @Lat. S w el B engen B o B

. Plot No. @Date (Y/M/D) A

6. UTM System Lone — tasting __ __ _ Northing __ __ _
7. Location
8. Photo # & Co-ord. flight line _ photono. ___ X __ . ___ )
Aspect W I iy @ Slope _ . __ percent @ Elevation ___ ___ _ * _ _ _ metres
12. Terrain Yr_ 19____ 13. Phys. Sub. . ____.__ 14. Zone/Subzone System ______ __ __ _ ___
Terrain| Gen. Qual. Surface [{™od. | Qual. SIS NN . LI I S /._..__:._._
Texture| Mat.| Desc. | Express.|| Proc. | Desc. v p
T T T 15. Ecological Classification System _ __ _
—1 — —I[—:— — —II— ASSOC.____:_ Type e
(R (R PR g u— o — | . P
o - ! ! ! 17. Soil Classif. Year 19
16. Vegetative Cover System __ ______ ___ ____ Phase . . .
. B " 3 !
3 . & - W~
T e Fanily Particle Size ___
9 T ST v e

18. Plot representing

Site position macro @ Site position meso @ Site surface shape @ Microtopograpny
a. a.
3 b

apex a. crest concave a. smooth
b. face b. upper slope convex b. micro mounded
c. upper slope ¢. middle slope c. straignt ¢. slightly mounded
d. middle slope d. lower slope d. moderately mounded
e. lower slope e, toe e. strongly mounded
f. valley floor f. depression f. severely mounded
g. plain gq. level q. extremely mounded
h. wultra mounded
23. Meso slope length e e om 24, Meso up-siope lemqth — —— — ___m Exposure Type
not applicable
25. Site position diagram (refer to data form no. ) ¢. insolation
: - d. frost
photo rol} no. —m— Direction e. cold air drainae
,photo N0, o -— - f. saltspray
g. atmospheric toxicity
other
Comments:
scale L__.__J 1 =
27. Ecological Moisture Regqime 28. Nutrient Regime 29. Soil Temperature Class 30. Soil Moisture
Swbclass
a. very xeric a. oligotrophic a. extremely cold. a. xeric
b. xeric b. submesotroohic b. very cold b. arid
c. subxeric ¢c. mesotrophic S ieo ld ¢c. suarid
d. submesic d. permesotrophic d. cool d. semiarid
e. mesic e. eutrophic e. mild e. suhumid
f. subhygric f. hypereutrophic f. humid
g. hygric q. perhumid
h. subhydric h. subaguic
i. hydric i. aquic
j. perauic

wromb Cesuranmant  AMinictry af Faracte e




31.

35.

39.

41.

43.

Soil drainage
rapidly
well

mod. well
imperfectly
poorly
very poorly

“hM QO T

Depth to (cm)

a. water table

b. rooting (effective)

c. root restricting layer

d. frozen layer
e. bedrock
f. carbonate

g. salinity

Successional Status

32. Perviousness
a. rapidly

b. moderately

c. slowly

Present Stage: PS, YS, MS, 0S, YEC, YCC,
MC, MCC, MEC, DC, NV

Expected climax

Rate of succession
a. very slow

b. slow

¢. normal

Veg. Plot: Area

Dim .

Surface Substrate

d.
e.

© —

SUBSTRATE

% COVER

Decaying
Wooed

Bedrock

Cobbles

Stones

and

Mineral
Soil

Organic
Matter

Water

Total

100%

rapid
very rapid

__{ha) Shape

47. Soil name

48. Associated soil

36

38.

40.

42.

44,

33. Free Water
a. nresent
b. absent

34. Flood hazard

frequent

rare
no hazard

. Bedrock type 37. Bedrock structure

frequent and irreqular

F
a
b.
c. may he expected
d
e

Coarse fragment lithology
a. type (in order of dominance)
b. mixed

Factors Influencing Stand Establishment

ISRIOI (I I S

Humus Form Class. - 2 o

Variants oot t e B L

Profile Status 45, Profile Deviation 46.

a. modal a. none a.

b. variant b. solum thickness b.

c. taxadjunct c. colour €%

d. undecided d. texture d.
e. drainage e.
f. chemical e
g. horizon thickness q.
other h.

z.

49, Profile No.

Soil Mapping Unit

series
family
associate
association
catena
canplex
land system
land type
other

Projec: Coordinator Surveyor @Aqency
@Type of Soil Sample 53. Veg. Sampling Tech.
A. Sampled
1. Chemical 2. Physical
a. full a. full
b. partial b. partial

8. No Sample

54. Notes on Site Oescription
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VEGETATION DESCRIPTION FORM

FORM NUMBER

L[ [ ] [-]s]o

strata (m)

PROJECT 1.D. PLOT NO. PAGE OoF
SURVEYOR
1. FLORISTIC LIST 2. STRATUM 6. NOTES
-~
; 2
specify = =
entries o = i :§ <
5 |3 -1 T B T8
Te 5 |23|=8|8 |33|-8| 4|z%|2 |ga| =
8| B8 |ER |8 |BE |G s2i 82k |acl =
Qs o = oxhlre.s v wi >
= S | =0 = ik B Bl E»n =3 = T =
— ~N ™ —_ o~ S
< < << [==] [-=] o a
3. Height of top of

Number of dead snags

4,
cover of each layer

Total percentage

5

SPECIES LIST

1.

Comments on Vegetation Characteristics:
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24
m
2
2
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=1
3
o
3

A3 Trees

Total
Trees

Tall
Shrubs

S1S2104 ;0 Anstupy

Low
B2 Shrubs

_29_

Total
Shrubs

C llerbs

Mosses,Lich.,
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A1l Strata




MENSURATION FORM FORM NUMBER
-18|0

PROJECT I.D. PLOT NO. PAGE OF
cHQVEYOR
PLOT NO. |(BAF| Pt PLOT NO. |BAF| &%
112132{4]|5|6|7]8{9 1j2|3]4]5]|]6|7]81{9
cl]]a [ 1 cl| B |
s, S PATH. REMARKS : % s, E PATH. REMARKS . §
TREE| TovAL | E PR 3|, |2 . .818|8]° STAND TREE | TOTAL | € o A IE PR STAND
wo. | wewHt | S MHEEEBIEITEFME AGE wo. | weisnt | MTHMEEBIETEME AGE
(Merres) Es (Centimerres) E © i - h':'.. 55? 5|2 g (for MAl) (Metres) Es (Centimetres) E ° § - -‘; 1. ;. 52 § (for MAI)
[0 12 (i3]1a (1516 [17]18 i9 [20(21 [22]23[24[25(26 78|79{80 [ hofn [i2li3afisTie17]ie 19(20]21|22{23/24{25,26 78]79|80
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Ll fecgi e Pt B0 fieg —_— [eualen g B 1 CF] pF
| T feite | jo ot £ icorbguikant 58 A e [
3 INTERMEDIATE
I N L 11 « [ svermesseo I e 1 0 1
AGE CALCULATIONS HEIGHT CALCULATIONS
TREE TOTAL C | TOTAL
NO. HEIGHT |SPEC. D.B.H. / AGE COUNT.
(5 AGE B.H.|COR.|[SUP.|TOP(BOT.|{TOTAL|S.D.|{SLOPE|H.D.|HT. |COR.
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WILDLIFE AND RANGE FORM

PROJECT -ID

" SURVEYOR

PLOT

Utilization of Browse Plants
(récorded on Vegetation Form)

d.
b.

Utilization Rating
Utilization Form Class

Ungulate Pellet Group Counts

a.
b.
Ce
d.

Method A
Method B
Method C
Other Method

NO.

FORM NUMBER

o

[-18]o]

PAGE OF

UNGULATE SPECIES

SUBPLOT

TOTAL

2 3 4

3

Wildlife List

4

Sign

Wildlife

S 6
Habitat Avail.
Character- Food
istic Source

7
Season of
Use

8
Comuents

10.

12.

Utilization of Forage Plants

maoo0oe
. P

Rang

a0 o
e s s e

No Utilization
Trace (1-5%)
Light (6-25%)
Moderate (26-50%)
Heavy (>50%)

e Condition

Excellent

Good

Fair

Poor

Not determined

11. Productivity

Estimated

Measured

Plant Group

Green Wt.
kg/ha

Green Weight
kg/ha

Air-Dry Weight
kg/ha

Oven-Dry Weight
kg/ha

Grasses, forbs

Browse species

Other (specify)

General Comments on Wildlife and Range

=54~
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