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ABSTRACT

Forest managers are being asked to incorporate wildlife habitat concerns into forest

development plans.  Existing information on wildlife habitat in operating areas is often

minimal and is rarely available in conjunction with other habitat information.  To address

this concern, we gathered and organized existing habitat information and conducted a

wildlife habitat inventory on the Sheppard Creek Operating Area.  Our objective was to

develop and test a new methodology and provide landscape and stand level wildlife

habitat information for use in forest development planning.  We chose to emphasize

structural features and current vegetation rather than follow previous workers who have

measured species composition or site potential.  Mapping of current vegetation was

chosen over mapping of potential vegetation because current vegetation better

describes current diversity.  We delineated polygons based on structural characteristics

and measured selected forest structural features within different structural types or

“structural classes”.  Six structural classes were identified and mapped: old forest,

mature forest, immature forest, grass/forb communities, shrub communities, and early

seral forest communities.  Within these classes we mapped areas with individual habitat

features (subclasses) important to wildlife.  Subclasses included wetland and riparian

areas, stands with a deciduous component, stands with a veteran component or multiple

layers and stands that have been logged.  We based our study on forest structure

because many workers have shown that species diversity is positively correlated with

structural diversity.  We implicitly assumed that greater structural diversity gives greater

species diversity.  We measured structural features in 11 classes: early seral forest,

shrub, immature forest deciduous leading species, immature forest deciduous leading

species riparian, immature forest, immature forest riparian, mature forest, mature forest

riparian, mature forest selectively logged, old forest, and old forest riparian.  Structural

features we measured included standing live and dead trees, number of pieces of

coarse woody debris, litter and duff layers, and canopy complexity.  We also recorded

the dominant plant species composition in each canopy layer.  Structural diversity varied

among structural classes.  As expected, early seral forest stands were less structurally

complex when compared to older forested stands.  Early seral stands had more coarse

woody debris, less canopy complexity, and lower stand density of live and dead trees of

all sizes.  Stand density of live trees was highest in the older structural classes.  Density

of large live and dead trees was highest in the mature and old forest riparian classes.
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The end products of this project include maps of the location and distribution of wildlife

habitats, and information on biodiversity at the stand and landscape levels.
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INTRODUCTION

Preservation of biodiversity has become a major concern of land managers in North

America.  However, many regard biodiversity as too broad or vague a concept to be

applied in real-world management situations.  Research in the Pacific Northwest has

indicated that a coarse-filter approach to habitat conservation based on an individual

species (Hunter 1991) does not necessarily ensure protection of the viability of all

species (Marcot et al. 1994).  The work of Thomas et al. (1993) proved that

conservation of spotted owl habitat did not provide for many needs of other species

closely associated with similar habitats.  However, wildlife species diversity can indeed

be managed for if we base our coarse-filter approach on overall habitat conservation

(Noss 1990).  Although inferences between habitat and species abundance are

influenced by the type of habitat features measured, habitat approaches to the

conservation and management of wildlife species are attractive because of the ease

with which habitat can be measured.  Indeed, one of the main assumptions of the

Biodiversity Guidebook is that maintenance of habitat diversity can maintain biodiversity

(B.C. Ministry of Forests and Ministry of Environment 1995). Thus approaches based on

habitat seem to be the best approach to multi-species management (Hansen et al.

1995). Franklin et al. (1981) and Noss (1990) propose monitoring 3 components of

habitat diversity: composition, function and structure.  There appears to be little

relationship between species composition and vertebrate species richness (Short and

Williamson 1986, Currie 1991, Morrison et al. 1992) and function is often difficult to

measure (Franklin and Spies 1991).  Several researchers have hypothesized that

vertebrate habitat diversity is associated with forest structure (Hansen et al. 1991, Short

and Williamson 1986, Hansen et al. 1995).  Given that structural features provide critical

components of wildlife habitat, it logically follows that presence or absence of wildlife

species would be positively correlated with the presence or absence of such structural

features.  Research in the Pacific Northwest suggests the presence of amphibians is

correlated with the presence of large snags, a deep litter and duff layer, coarse woody

debris and talus; and mammal presence is closely related to presence of large trees,

large snags, a deep litter and duff layer, large coarse woody debris and talus (Carey and

Johnson 1995, Marcot 1997).  It is well documented that structural characteristics, not

species composition, are the primary determinants of avian communities and

populations (MacArthur and MacArthur 1961, Marzluff and Lyon 1983, Marcot 1997).
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However, we recognize that structural features do not provide for the needs of all

species.  Our methodology inventories wildlife habitat based on structural complexity

with minimal emphasis on species composition.

The BC Forest Practices Code requires that forest licensees identify and classify

important wildlife habitat prior to the preparation of operational plans.  In many cases

licensees are required to mitigate their impacts on wildlife.  Significant wildlife habitats

are known to exist on the Sheppard Creek Operating Area.  Such habitats include

ungulate winter range and movement corridors, old growth and riparian stands and

wetland complexes.  This report details the steps taken and methods used to gather

existing information and inventory wildlife habitat on the Sheppard Creek Operating

Area.

OBJECTIVES

The objectives of this study were two-fold: 1) to acquire and compile information on

wildlife habitat in the study area for use by the forest licensee in stand and landscape

level forest development planning, and, 2) to test a new methodology to measure this

habitat information objectively.  This study was divided into 4 modules.  The objective of

Module 1 was to collect and map all available information on the Sheppard Creek

Operating Area.  The result of this exercise was a GIS map product designed to guide

future inventory work.  The objective of Module 2 was to map different stands based on

structural characteristics using aerial photo interpretation.  Module 3 was designed to

review the literature on forest inventory for wildlife planning.  Based on the literature

review, sampling variables and a sampling design were chosen for the inventory

component, which was Module 4.

STUDY AREA

The study area was in the operating area of Atco Lumber Ltd., and was located south of

Trail and Rossland (Fig. 1).  The British Columbia/Washington border (49� 06’ N, 117�

44’ W) formed its southern boundary.

The study area encompassed an area of 6307 hectares, and was characterized by low
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elevation mountains in the Southern Columbian Mountain ecosection.  Three

biogeoclimatic subzone variants were found in the study area: interior cedar hemlock

(ICH) biogeoclimatic zone, subzone variants: mw2, dw , and xw.  Annual precipatation

ranged from 50-100 cm.  Dominant tree species included western hemlock (Tsuga

heterophylla) and western red cedar (Thuja plicata) in wetter areas and interior Douglas-

fir (Pseudotsuga menziesii), lodgepole pine (Pinus contorta), and western larch (Larix

occidentalis) in dryer sites.
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Fig. 1.  Study area location (1:70,000), Sheppard Creek Wildlife Habitat Inventory, 1997.
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METHODS

Module 1- Compile Existing Information

We compiled pertinent information in a GIS and presented it as 4 map layers: Base Map

layer, Historical and Management Information layer, Age Class layer, and Structural

Information layer.

Base Map Layer

Datasets used in the creation of the base map product included TRIM, Forest Cover,

MoE stream survey information and the 5 year development plan for the operating area.

Topographic lines, water and roads were obtained from the TRIM and Forest Cover

databases and were merged with stream survey information and the operating area

base map using PAMAP GIS.

Historical and Management Information Layer

We considered a number of data sources for the historical and management information

layer (Table 1).  We determined that ungulate winter range mapping, fire history, grizzly

bear priority areas, biogeoclimatic subzones and logging history were pertinent and this

information was presented on this layer.  We chose to use the more detailed ungulate

winter range lines from Columbia Basin Fish and Wildlife Compensation Program over

Ministry of Environment information.  Digital insect and disease information from the

Canadian Forest Service did not arrive on time to be included in the map product.
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Table 1.  Source and description of historical and management information gathered for the Historical and Management Information
layer, Sheppard Creek Wildlife Habitat Inventory, 1997.

Description Information source Contact Person Telephone Information Type Relevance to project
Ungulate winter
range lines

Columbia Basin Fish and
Wildlife Compensation
Program

John Gwilliam (250) 352-6874 Lines on paper map Incorporated into map product

Maps of Major
Forest Insect
Infestations:  Nelson
Forest Region 1928-
1986

Ministry of Forests,
Kootenay Lake District

Julie Castongay (250) 825-1100 Information on paper
map

Information not available digitized,
mapped at very small scale, not
incorporated into map

Fire history Ministry of Forests,
Research Branch

John Parminter (250) 356-6810 Lines on paper map Incorporated into map product

Insect and disease
information

Canadian Forest Service,
Pacific Forestry Centre

Dennis Clarke (250) 363-0600 Digital data Takes at least 5 months to gather
data, not reasonable given project
deadlines

Grizzly bear priority
areas

Ministry of Environment,
Nelson Region

Graham Smith (250) 354-6333 Digital data Incorporated into map product,
available for Nelson Region

Ungulate winter
range lines

Ministry of Environment,
Nelson Region

Graham Smith (250) 354-6333 Digital data Not incorporated into map product,
available for Nelson Region
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Age Class Layer

To compile this layer, we selected attributes from the Forest Cover dataset that provide

information on the distribution and location of different aged stands.  Attributes selected

included “age class at reference year”, “non-productive/non-commercial” forest

 types (rock, brush), and “percent species composition”.  Stands with a deciduous

component (deciduous species comprise up to 20 percent of the stand) were mapped

using the “percent species composition” attribute (Table 2).

Table 2.  Information sources from Forest Cover data, Sheppard Creek Wildlife Habitat
Inventory, 1997.

Attribute Information from attribute used in map product

Age class at reference year age class breakdowns: 1, 2 to 4, 5 to 7 and 8 to 9

Non-productive descriptor rock, non-productive brush

Non-forest descriptor non-commercial brush

Percent species composition-

species percent

presence of stands with a deciduous component

Structural Information Layer

We used data from the Forest Cover database to create a layer presenting forest

structural information.  The Structural Information layer contained information on the

location and distribution of stands with important structural characteristics such as

stands with more than one canopy layer and the distribution of canopy closure (percent)

broken down into 4 classes (0-25, 26-50, 51-75 and 76-100 percent).  Information on

the number of layers is found in the Forest Cover attribute “Number of layers records”

and crown closure information is available in the attribute “Crown closure”.

Module 2- Aerial Photo Interpretation

We hypothesized that structure varies at the stand level and that these stands can be

delineated through aerial photo interpretation.  We examined aerial photos to determine

the different types of structurally-based habitat classes that could be identified.  The BC

Land Classification Scheme (MoF) was used for initial air photo delineation of structural
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classes (Resources Inventory Committee 1996).  The BC Land Classification Scheme is

a hierarchical land classification tool.  Land was classified by land base (vegetated or

nonvegetated), land cover type (land, water, treed, non-treed), landscape position

(wetland, upland, alpine), vegetation type (coniferous, broadleaf, mixed, herb, shrub,

bryoid, rock/rubble, exposed land, snow/ice) and canopy density (dense, open, sparse).

This method provided a useful and logical first step to delineating structural classes.

Additionally, this method is compatible with the Vegetation Resources Inventory aerial

photo interpretation procedures and perhaps the aerial photo work could be used as the

first step in upgrading the forest inventory data in an operating area (Resources

Inventory Committee 1996).

Following stratification of the study area, we classified polygons by structural class.  Six

structural classes, identified by several researchers as important wildlife habitats

(Thomas 1979, Meslow et al. 1981, Hoover and Wills 1984, Hall et al. 1985, Cooperrider

et al. 1986, Thomas et al. 1988, Mehl 1992, Moir 1992), were identified on aerial photos.

The 6 classes included old forest, mature forest, immature forest, shrub communities,

grass/forb and early seral forest communities.  Minimum polygon size was set at 2

hectares to ensure that mapping did not become too detailed to be useful operationally.

The characteristics used to identify each structural class are detailed below.

Structural Class

Old Forest

We chose the “old forest” category as a broad category to describe old forest types

which exhibit distinctly different structural characteristics than younger stands.

Pfister (cited in Moir 1992) and Mehl (1992) cite a variety of structural features of old

growth forests that provide reliable criteria for describing old forests across a variety of

forest types.  Characteristics include low densities of larger trees, presence of large

dead trees and logs, tree gaps and spatial patchiness, and vertical canopy complexity

(Moir 1992).  Other conditions that may be found in old growth forests include many

stages of decomposition, multiple tree species present, and distinctive crowns in the

upper canopy.

We used the following stand attributes to identify this structural type on aerial photos:
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presence of age class 8 or 9 trees (may be age class 7 in lodgepole pine or Douglas-fir),

distinctive large crowns in the upper canopy, stand density (spatial patchiness, low

densities of large trees), more vertical complexity and higher snag frequency compared

to younger age classes.

Mature Forest

We identified mature forest on aerial photos by the following characteristics: presence of

age class 5 to 7 trees, tree height (taller trees compared to younger stands), and tree

color (darker colors compared to younger stands).  Such areas tended to have less

vertical complexity and fewer canopy gaps than older stands.

Immature Forest

Immature stands were characterized by the presence of age class 2 to 4 trees, tree

height (shorter trees compared to older stands), and tree color (lighter shade of grey

compared to older stands).  Such areas tended to have less vertical complexity than

older stands.  Stand density varied among stands.

Shrub Communities

We identified shrub communities by the absence of tree cover and the presence of

deciduous or evergreen shrubs ranging from 0 to 10 meters in height.  Features used to

identify shrub communities on photos include reflectance values between those of trees

(dark) and rock (light), height ranging from 0 to 10 meters and round crown shape.

Early Seral Forest Communities

We categorized clear cut areas as early seral forest communities.  Such communities

were characterized by a lack of overstory cover and dominance by tree regeneration,

shrubs or herbaceous vegetation.

Following delineation of the basic habitat classes, we mapped areas with individual

habitat features (subclasses) important to wildlife.  Important habitat features included

wetland and riparian areas, stands with a deciduous component or deciduous leading
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species, stands with a veteran component or multiple layers, and selectively logged

areas (Table 3).  We also identified connectivity corridors through photo interpretation.

Table 3.  Structural class subclasses and their definitions, Sheppard Creek Wildlife
Habitat Inventory, 1997.

Subclass Description

Wetland Lands that are seasonally or permanently covered by shallow

water as well as lands where the water table is close to or at

the surface, presence of hydrophytic or water-tolerant plants

Riparian area Areas with vegetation that requires free or unbound water  or

conditions that are more moist than normal

Deciduous leading

species

Greater than 20 percent of the stand is occupied by a

deciduous tree species

Deciduous component Less than 20 percent of the stand is occupied by a deciduous

tree species

Veteran component Stand has veteran trees (cohort of trees older than rest of

stand)

Multiple layers in stand Stand has more than one layer (if a stand has veterans then it

also has multiple layers)

Selectively logged Stand has been logged
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Modules 3 and 4- Literature Review and Wildlife Habitat Inventory

We conducted a literature review to determine important components of wildlife habitat

(Mowat 1997).  From this review we concluded that biological diversity in a stand was

more strongly related to stand structure and successional stage than species

composition.  We selected 6 structural attributes, vertical structure (canopy complexity),

horizontal structure (forest patchiness), size class distribution of standing live and dead

trees, number of pieces of coarse woody debris, litter and duff layer depth, and stand

density for measurement in the field (Thomas 1979, Bartels et al. 1985, Thomas and

Verner 1986, Hodorff et al. 1988, Maser et al. 1988, Hunter 1990, Graham et al. 1994,

Ruggiero et al. 1994).

We measured these structural attributes on 160 randomly located plots within the study

area.  We used a stratified random sampling design; plots were distributed randomly

within structural classes.  40 additional plots were systematically placed in proposed

cutblocks.  Measurements were taken on 10 and 25-m radius plots at each location.

The number of plots measured in each structural class depended on the areal extent of

the structural class; we tried to do at least 7 plots per class.

We measured coarse woody debris, closure and height of 3 canopy layers, horizontal

diversity, and litter and duff layer depth on the 10-m radius circular plot (314 m2).

Coarse woody debris (CWD) was tallied in three diameter classes: 7.5-20 cm, 20-40 cm

and > 40 cm.  Pieces had to be located above the soil to be tallied in our study (following

B.C. Ministry of Forests 1996).  Canopy closure was measured for 4 height classes.

Canopy layer definitions followed those described in Luttmerding et al. (1990): “A” layer

included mature trees > 10m in height, “B1” layer included regenerating trees, mature

deciduous trees, tall shrubs or woody plants 2-10m in height, “B2” layer included shrubs

or regenerating trees < 2m in height.  We added a “G” (ground) layer which measured

the percent of the plot covered by CWD > 7.5 cm dbh.  The average height of each

layer was also measured.  We measured the distance from plot center to the nearest

tree or nearest shrub to obtain a measure of horizontal diversity.  Litter and duff layer

depth was measured at 5 systematically placed locations around the plot.  The two most

abundant species present in each canopy layer in the 10m plot were recorded.

We used a 25 m radius plot (1962 m2) to tally standing trees.  We recorded tree



Sheppard Creek Wildlife Habitat Inventory 12

Timberland Consultants Ltd.

species, diameter at breast height (dbh) and alive or dead status for all live trees > than

20 cm dbh and dead trees of any size.  Trees had to be > 1.3 m in height, be self-

supporting and have > 50% of bole present to be tallied (Ministry of Forests 1996).  We

used the wildlife tree classification (Backhouse 1993) to describe the decay stage of all

tallied trees.  Most of the measurement methods listed above were adapted from the BC

Ministry of Forests Vegetation Resources Inventory (B.C. Ministry of Forests 1996).  A

detailed description of sampling methods for each variable along with a sample field

data collection form is provided in Appendix 1.

We sampled 8 wetlands in the study area.  We noted the size of the wetland, estimated

canopy closure for 4 layers and recorded the dominant species for 3 canopy layers.

Number of pieces of coarse woody debris was also recorded.  All measurements were

taken on a 10 m radius plot.

We used the one way ANOVA (analysis of variance) procedure to test for differences

among structural classes in most variables (SAS 1987).  Log, square root or arcsine

transformations were used to transform variables that did not meet the equal variance

assumption required by ANOVA.  If variables did not meet the equal variance

assumption despite transformation, the more robust Welch’s ANOVA was used for

analysis.  The GT2 unplanned multiple comparison test was used to determine which

group means differed from each other for variables that met the homogeneity of

variance assumption (SAS 1997).  The Sidak unplanned multiple comparison test was

used to determine which group means differed from each other for variables that did not

meet the homogeneity of variance assumption (SAS 1997).  Some structural classes

and subclasses had small sample sizes and were grouped for analysis purposes.  We

often grouped the shrub and early seral classes when analyzing tree size and density

and mature and old forest riparian classes when analyzing canopy closure.  We

considered differences to be significant at p < 0.10 but we report all actual probability

values to allow the reader to draw their own conclusions.
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RESULTS

The principle results of Modules 1 and 2 were 4 Forest Cover and TRIM-derived map

layers: (Base Map, Historical and Management Information, Age Class, Structural

Information) and 3 photo interpreted layers (Structural Class, Species Composition, Site

History and Structural Attributes and Ecosystem Type).  The base map was a paper

map while the other maps were presented as acetate overlays.  Table 4 summarizes the

type of information presented on each layer.  The results of Module 3 are presented in

Mowat (1997).

Table 4.  Title and information presented on each map layer for Module 1 and 2 maps,
Sheppard Creek Wildlife Habitat Inventory, 1997.

Map Title Information

Base Map Topographic lines, water, roads, stream

survey information

Historical and Management Information Biogeoclimatic subzone variant lines, fire

history, logging history, ungulate winter

range lines

Age Class Age class breakdowns, rock, brush,

clearings, urban areas and stands with a

deciduous component

Structural Information Stands with veterans, 2 canopy layers, 3

canopy layers and percent canopy closure

(in 25% classes)

Structural Class Old forest, mature forest, immature forest,

grass/forb, early seral forest, shrub

communities

Species Composition, Site History and

Structural Attributes

Stands with a deciduous leading species,

stands with a deciduous component, stands

with a veteran component, stands with

multiple layers, logged stands, connectivity

corridors

Ecosystem Type Riparian and wetland areas

Module 4 results revealed many differences in structural features among structural
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classes.  Table 5 lists means, standard deviations and test results for structural

variables among classes.  Table 6 lists the results of unplanned multiple comparison

tests.  Appendix Table 1 provides summary statistics for all variables among all

structural classes.  The two dominant A layer species in each structural class are listed

in Table 7.  Size of live trees differed among structural classes (p<0.0001) (Fig. 2).  The

largest live trees were found in the old forest riparian structural class compared to all

other classes.  The immature deciduous leading riparian class had trees that were

significantly larger than in all other classes except for the old forest riparian class.  The

mature forest riparian, mature forest and old forest structural classes had larger trees

when compared to the immature forest, immature forest riparian, immature forest

deciduous leading classes and mature forest select logged classes.  The shrub and

early seral structural classes were not included in the analysis due to small sample size.

Fig. 2.  Mean live tree dbh by structural class with 95% confidence interval, Sheppard
Creek Wildlife Habitat Inventory, 1997.
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Size of standing dead trees was also greatest in the old forest riparian structural class

(Fig. 3).  Snags were significantly larger in this class when compared to all other

classes.

Fig. 3.  Mean dead tree dbh by structural class with 95% confidence interval, Sheppard
Creek Wildlife Habitat Inventory, 1997.
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hectare than the old forest structural class.  When we tested for differences in density of
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Fig. 4.  Mean number of dead trees per hectare by structural class with 95% confidence
interval, Sheppard Creek Wildlife Habitat Inventory, 1997.

The old and mature forest riparian classes had more live trees per hectare than all

classes except the immature forest riparian class and the old forest (upland) class (Fig.

5).  The early seral and shrub communities had lower live tree densities than all other

structural classes.  Densities of large live trees (over 50 cm) were highest in the mature

and old forest riparian classes compared to all other classes.  The immature deciduous

leading riparian and mature and old forest classes had higher densities of large live

trees when compared to the early seral, mature select logged and immature deciduous

leading classes.
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Fig. 5.  Mean number of live trees per hectare by structural class with 95% confidence
interval, Sheppard Creek Wildlife Habitat Inventory, 1997.

Small coarse woody debris abundance was highest in structural classes that had been

logged (p<0.0001) (Fig. 6).  The early seral and mature forest select logged classes had

the higher small woody debris abundance when compared to the immature forest and

immature forest deciduous leading classes.  The number of pieces of medium and large

debris was different among classes but no two classes were different at p<0.05.
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Fig. 6.  Mean number of pieces of small coarse woody debris by structural class with
95% confidence interval, Sheppard Creek Wildlife Habitat Inventory, 1997.

Fig. 7.  Mean number of pieces of medium and large coarse woody debris by structural
class with 95% confidence interval, Sheppard Creek Wildlife Habitat Inventory, 1997.

We found significant differences in closure of all canopy layers (A, B1, B2, G) among

structural classes.  The early seral and mature forest selectively logged classes had the

lowest A layer canopy coverage (Fig. 8).  Old forest riparian had higher A layer

coverage compared to all other classes except immature forest riparian and mature

forest classes.
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Fig. 8. Mean A layer canopy closure by structural class with 95% confidence interval,
Sheppard Creek Wildlife Habitat Inventory, 1997.

B1 layer closure was highest in the immature forest riparian class and lowest in the early

seral class (Fig. 9).  The early seral class had lower B1 layer closure when compared to

all other classes except for the immature forest deciduous leading riparian class.  The

immature forest riparian class had higher B1 layer closure when compared to the

immature forest deciduous leading riparian, mature forest and mature and old forest

riparian classes.

Fig. 9.  Mean B1 layer canopy closures by structural class with 95% confidence interval,
Sheppard Creek Wildlife Habitat Inventory, 1997.
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The lowest B2 layer canopy closures were found in the upland and riparian mature and

old forest classes (p<0.0001).  Upland mature and old forest classes had lower B2 layer

canopy closures when compared to the immature forest riparian and deciduous leading

and mature forest selectively logged classes (Fig. 10).  The old and mature forest

riparian class had a lower B2 layer closure compared to all immature classes and the

mature selectively logged class (Fig. 10).  Mean closure for all canopy layers and

structural classes is shown in Figure 11.

Fig. 10.  Mean B2 layer canopy closures by structural class with 95% confidence
interval, Sheppard Creek Wildlife Habitat Inventory, 1997.
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Fig. 11.  Mean A, B1 and B2 layer canopy closures by structural class with 95%
confidence interval, Sheppard Creek Wildlife Habitat Inventory, 1997.

The immature forest deciduous leading class had a lower ground layer closure when

compared to the upland and riparian old forest class and the riparian mature forest class

(Fig. 12).

Fig. 12.  Mean G layer closure by structural class with 95% confidence interval,
Sheppard Creek Wildlife Habitat Inventory, 1997.
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Litter and duff layer depth was highest in the old forest riparian structural class (9.52

cm) and lowest in the shrub structural class (1.32 cm) (Fig. 13).  We found significant

differences among almost all classes; results of pairwise multiple comparison tests are

shown in Table 6.

Fig. 13.  Mean litter and duff layer depth by structural class with 95% confidence
interval, Sheppard Creek Wildlife Habitat Inventory, 1997.
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Table 5.  Means, standard deviation, statistical test and test results of analysis for differences in 13 structural variables among
structural classes.
Structural
class

Early
Seral

Immature
Deciduous
Leading

Immature
Deciduous
Leading
Riparian

Immature
Forest

Immature
Forest
Riparian

Mature
Forest

Mature
Forest
Riparian

Old
Forest

Old
Forest
Riparian

Shrub Mature
Forest
Select
Logged

Test Results

Live tree
density
(trees/ha)**

0 (0) 60 (55) 122 (117) 96 (61) 110 (56) 122 (59) 202 (38) 144 (69) 181 (29) 0 (0) 40 (26) Welch’s
ANOVA

0.0001

Live tree
density (> 50
cm dbh,
trees/ha)

0 (0) 5 (7) 34 (36) 11 (13) 11 (16) 25 (29) 46 (28) 27 (25) 72 (18) 0 (0) 1 (4) Welch’s
ANOVA

0.0001

Dead tree
density
(trees/ha)**

2 (8) 57 (61) 39 (33) 58 (55) 54 (35) 63 (68) 61 (39) 79 (80) 68 (31) 89 (19) 39 (39) ANOVA 0.0001

Dead tree
density (> 50
cm dbh,
trees/ha)

0 (0) 1 (1) 1 (1) 1 (1) 1 (1) 5 (2 ) 4 (1) 4 (1) 15 (8) 0 (0) 0 (0) ANOVA 0.0001

Live tree
diameter (cm)*

NA 37 (8) 45 (16) 39 (9) 38 (8) 42 (11) 43 (13) 42 (12) 53 (26) NA 36 (6) ANOVA 0.0001

Dead tree
diameter
(cm)**

19 (7) 17 (11) 21 (14) 20 (9) 25 (11) 25 (16) 28 (18) 26 (14) 42 (37) NA 19 (7) ANOVA 0.0001

Small woody
debris
(pieces/ha)

590 (265) 207 (182) 252 (249) 271 (166) 207 (98) 344 (279) 290 (156) 325 (269) 465 (278) 210 (107) 563 (365) ANOVA 0.0001

Medium
woody debris
density
(pieces/ha)*

101 (51) 56 (94) 76 (72) 72 (64) 96 (59) 117 (95) 159 (121) 121 (75) 83 (62) 0 (0) 94 (78) ANOVA 0.0446

Large woody
debris density
(pieces/ha)*

9 (15) 13 (22) 29 (28) 16 (27) 20 (45) 44 (51) 51 (55) 35 (39) 38 (52) 0 (0) 18 (23) Welch’s
ANOVA

0.0141

A layer
closure

73 (1) 40 (26) 42 (25) 52 (23) 45 (9) 55 (18) 68 (14) 53 (23) 83 (9) 0 (0) 22 (22) Welch’s
ANOVA

0.0001

B2 layer
closure***

7 (10) 34 (19) 21 (11) 38 (24) 55 (14) 28 (20) 26 (12) 30 (21) 23 (27) 0 (0) 35 (18) Welch’s
ANOVA

0.0001

B1 layer
closure

40 (28) 68 (21) 48 (38) 46 (29) 73 (20) 32 (32) 8 (6) 33 (28) 9 (8) 77 (16) 72 (19) Welch’s
ANOVA

0.0001

G Layer
Closure*

6 (6) 4 (3) 5 (4) 5 (4) 6 (4) 7 (7) 9 (8) 9 (7) 8 (3) 4 (4) 7 (5) ANOVA 0.0106

Litter and duff
layer
depth (cm)*

3 (3) 4 (3) 7 (4) 5 (4) 5 (3) 5 (3) 7 (3) 5 (3) 10 (6) 1 (1) 4 (3) ANOVA 0.0001

* log transformation **square root transformation ***arcsine transformation
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Table 6.  Results of unplanned multiple comparison tests (GT2 or Sidak) for significant
variables.  Classes in Groups 1 and 2 are significantly different from each other at
p<0.05.
 Structural variable P

value
Test type Group 1 Group 2 Compariso

n test type
Live tree density(>30 cm,
trees/ha)

0.0001 Welch’s
ANOVA

ES* IDL, IDLR, IF, IR, MF, OF, MSL Sidak

OLDRIP ES, IDL, IDLR, IF, MF, MSL
MSL IF, IR, MF, OF
IDL MF, OF

Dead tree density (> 10
cm, trees/ha)

0.0001 ANOVA ES IF, IR, MF, OF, OLDRIP GT2

IDL OF
Live tree density (trees >
50 cm, trees/ha)

0.0001 Welch’s
ANOVA

ES IDLR, MF, OF, OLDRIP Sidak

OLDRIP IDL, IF, IR, MF, OF, MSL
IDL IDLR, MF, OF
MSL IDLR, MF, OF

Dead tree density (trees >
50 cm, trees/ha)

0.0001 ANOVA ES IF, IR, MF, OF, OLDRIP, MSL GT2

IDL OF
Live tree diameter (cm) 0.0001 ANOVA OFR IDLR, IDL, IF, IR, MF, MR, OF,

MSL
Sidak

IDLR IDL, IF, IR, MR, OF, MSL
MR IDL, IF, IR, MSL
MF IDL, IF, IR, MSL
OF IDL, IF, IR, MSL

Dead tree diameter (cm) 0.0001 ANOVA OFR IDL, IDLR, IF, IR, MF, MR,OF,  SL Sidak
MR IDL, IDLR, IF, MSL
OF IDL, IDLR, IF, MSL
IDL IF, IR, MF
IR IF, MSL
MF IF, MSL

Small woody debris
(pieces/ha)

0.0001 ANOVA ES IDL, IF Sidak

SL IDL, IF
A layer closure 0.0001 Welch’s

ANOVA
ES IDL, IDLR, IF, IR, MF, OF,

OLDRIP
Sidak

OLDRIP IDL, IDLR, IF, OF, MSL
MSL IF, MF, OF
MF IDL

B2 layer closure 0.0001 Welch’s
ANOVA

ES IDL, IF, IR, MF, OF, OLDRIP, MSL Sidak

IR IDLR, MF, OLDRIP
B1 layer closure 0.0001 Welch’s

ANOVA
OFR IDL, IDLR, IF, IR, MSL

MF IDL, IR, MSL
OF IDL, IR, MSL

G layer closure 0.0106 ANOVA IDL OF, OLDRIP GT2
Litter and duff layer depth 0.0001 ANOVA SH ALL GROUPS Sidak

OFR ES, IDL, IF, IR, MF, MSL, OF
MR IDL, IF, IR, MF, MSL, OF
IDLR ES, IDL, IF, IR, MF, MSL, OF
ES IF, IR, MF, MR, MSL, OF, OFR
IDL IR, MF, OF
MSL IR, MF

ES = Early seral MF= Mature forest
SH= Shrub MSL= Mature forest selectively logged
IF= Immature forest MR= Mature forest riparian
IDL= Immature forest deciduous leading OF= Old forest
IR= Immature forest riparian OFR= Old forest riparian
IDLR= Immature forest deciduous leading riparian OLDRIP= MR + OFR
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Table 7.  A layer dominant species by structural class, Sheppard Creek Wildlife Habitat
Inventory, 1997.

Structural Class A layer dominant

species 1

A layer dominant

species 2

Early Seral Western redcedar none

Immature Deciduous Leading Douglas-fir Western

larch/Lodgepole pine

(tied)

Immature Deciduous Leading

Riparian

Western redcedar Western hemlock

Immature Forest Douglas-fir Lodgepole pine

Immature Forest Riparian Lodgepole pine Paper birch

Mature Forest Douglas-fir Western larch

Mature Forest Riparian Western redcedar Western hemlock

Mature Forest Selectively

Logged

Douglas-fir Douglas maple, Paper

birch (tied)

Old Forest Douglas-fir Western redcedar,

Western larch (tied)

Old Forest Riparian Western redcedar Western hemlock

Table 8 list means for selected variables by polygon and structural class.  We

subjectively compared mean values for selected variables among polygons with

structural classes.  Polygons with high values for multiple structural variables are listed

below.

Polygon 91 in the immature forest deciduous leading class had high densities of large

live, dead trees of all sizes and high coarse woody debris abundance.  Polygon 56 had

low live and dead tree densities but had larger dead trees and more coarse woody

debris per hectare than other polygons in the class.

In the immature forest structural class, polygons 12, 50, 74 and 124 had high values for

one or more variables.  All structural variables except dead tree density had higher

values in polygon 12 compared to other polygons.  Polygon 50 had high densities of

dead trees and high coarse woody debris abundance.  Density of large live trees, size of

live and dead trees and coarse woody debris abundance was high in polygon 74.  The
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plot in polygon 124 had a high density of large live trees, all snags and had larger live

trees compared to most other polygons.  However, this plot also had low values for dead

tree diameter and coarse woody debris abundance.

In the immature forest riparian class, polygon 97 had high values for density of large live

and dead trees, density of all sizes of dead trees, coarse woody debris adundance and

live and dead tree diameter.

In the mature forest class, polygon 71 had higher than average observations for all

variables.  Polygon 109 had high values for number of large live trees, size of large live

trees and coarse woody debris abundance.  Polygon 123 was very structurally complex,

with high densities of large dead trees, higher than average size of dead trees and high

coarse woody debris abundance.

In the old forest class, polygons 114 and 136 had high values for 4 structural variables

and polygons 87, 138 and 146 had high values for 3 structural variables.  Polygon 114

had high values for large live and dead trees, size of live trees and coarse woody debris

abundance.  Polygon 136 had high values for density of dead and large dead trees, size

of dead trees and coarse woody debris abundance.  In polygon 87, we found high

densities of large snags and larger live and dead trees than average.  We found higher

densities of large live trees and larger live and dead trees than average in polygon 138.

Polygon 146 had more large dead trees, larger dead trees and more coarse woody

debris than average.  The importance of these observations is limited by the fact that

these values are based on a sample as small as 1.
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Table 8.   Observations (mean, minimum and maximum) for 6 WHI variables by polygon,
Sheppard Creek Wildlife Habitat Inventory, 1997.

Structural
class

Polygon Number
of plots

Live tree
density (>
50 cm,
trees/ha)

Dead tree
density
(trees/ha)

Dead
tree
density
(> 50 cm,
trees/ha)

Live tree
diameter
(cm)

Dead tree
diameter
(cm)

Woody debris
density (all
sizes,
pieces/ha)

Early
Seral

113 1 0 0 0 No live
trees tallied

No dead
trees tallied

223

115 2 0 (0, 0) 0 (0, 0) 0 (0, 0) No live
trees tallied

No dead
trees tallied

812 (764, 860)

99 1 0 0 0 No live
trees tallied

No dead
trees tallied

892

80 2 0 (0, 0) 13 (0, 25) 0 (0,0) No live
trees tallied

19 (10, 29) 389 (382, 414)

110 1 0 0 0 No live
trees tallied

No dead
trees tallied

828

117 2 0 (0, 0) 0 (0, 0) 0 (0, 0) No live
trees tallied

No dead
trees tallied

971 (860
(1083)

184 1 0 0 0 No live
trees tallied

No dead
trees tallied

573

175 1 0 0 0 No live
trees tallied

No dead
trees tallied

828

Immature
Forest
Deciduous
Leading

5 1 5 5 0 38 (31, 51) 37 (37, 37) 255

6 1 0 20 0 35 (30, 40) 13 (10, 21) 382

13 1 5 82 0 37 (31, 58) 15 (10, 30) 287

56 1 0 5 0 36 (36, 36) 28 (28, 28) 446

61 6 2 (0, 10) 8 (0, 31) 0 (0, 0) 35 (30, 51) 22 (14, 38) 122 (0, 255)

91 6 10 (0, 20) 28 (5, 56) 3 (0, 10) 39 (30, 66) 19 (10, 61) 345 (96, 669)

179 4 3 (0, 10) 36 (0, 81) 0 (0, 0) 38 (30, 53) 15 (10, 45) 334 (64, 701)

Immature
Forest
Deciduous
Leading
Riparian

27 6 7 (0, 15) 42 (5, 71) 1 (0, 5) 40 (30, 79) 21 (10, 57) 260 (127, 382)

97 1 76 10 5 49 (30, 93) 58 (15, 101) 1114

102 3 73 (56, 87) 24 (15, 31) 0 (0, 0) 46 (30, 162) 17 (10, 43) 297 (223, 414)

Immature
Forest

12 2 36 (20, 51) 23 (20, 26) 3 (0, 5) 45 (30, 79) 29 (12, 63) 525 (414, 636)

17 1 0 76 0 32 (30, 35) 20 (10, 40) 701

31 1 15 36 3 (0, 5) 38 (30, 63) 29 (16, 52) 223

32 1 10 20 0 44 (33, 64) 19 (12, 26) 255

47 1 15 36 0 39 (30, 59) 12 (10, 19) 287

50 2 3 (0, 5) 110 (76, 143) 0 (0, 0) 35 (30, 51) 16 (10, 27) 573 (510, 637)

55 1 0 71 0 35 (31, 41) 22 (11, 32) 96

63 2 5 (0, 10) 130 (92, 168) 0 (0, 0) 38 (30, 73) 19 (10, 32) 350 (350, 350)
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Structural
class

Polygon Number
of plots

Live tree
density (>
50 cm,
trees/ha)

Dead tree
density
(trees/ha)

Dead
tree
density
(> 50 cm,
trees/ha)

Live tree
diameter
(cm)

Dead tree
diameter
(cm)

Woody debris
density (all
sizes,
pieces/ha)

65 8 6 (0, 15) 17 (0, 41) 0 (0, 0) 38 (30, 66) 21 (12, 45) 247 (64, 573)

74 4 24 (0, 50) 24 (10, 41) 1 (0, 5) 40 (30, 68) 27 (10, 60) 446 (223, 605)

75 1 10 20 5 40 (30, 54) 27 (10, 54) 255

85 1 15 71 5 38 (30, 69) 23 (12, 64) 510

88 1 0 158 0 33 (30, 45) 20 (10, 37) 382

124 1 15 92 0 44 (30, 85) 15 (10, 39) 287

130 1 5 5 0 42 (32, 62) 14 (14, 14) 701

141 1 0 5 5 42 (35, 46) 51 (51, 51) 64

145 1 20 41 0 40 (30, 58) 15 (10, 20) 382

Immature
Forest
Riparian

63 4 0 (0, 0) 31 (10, 46) 0 (0, 0) 34 (30, 42) 27 (10, 48) 334 (159, 541)

65 3 17 (5, 41) 46 (5, 82) 0 (0, 0) 41 (30, 67) 24 (10, 49) 265 (159, 350)

97 1 36 66 10 41 (30, 67) 30 (12, 60) 1114

127 1 10 117 0 39 (30, 57) 23 (10, 43) 446

Mature
Forest

11 4 5 (0, 10) 56 (46, 66) 8 (5, 10) 37 (30, 56) 31 (12, 67) 271 (223, 350)

15 16 42 (5, 127) 18 (0, 56) 3 (0, 15) 44 (30, 99) 33 (10, 97) 428 (159, 701)

21 2 0 (0, 0) 0 (0, 0) 0 (0, 0) No live
trees tallied

No dead
trees tallied

573 (478, 669)

35 2 13 (10, 15) 20 (0, 41) 0 (0, 0) 41 (30, 65) 14 (10, 18) 111 (0, 223)

40 4 5 (0, 15) 75 (25, 163) 4 (0, 10) 37 (30, 70) 20 (10, 62) 709 (223, 1720)

53 1 0 209 0 (0, 0) 34 (30, 43) 21 (10, 28) 1306

71 3 46 189 5 43 (30, 68) 26 (10, 62) 563 (127, 1115)

82 1 15 46 5 40 (30, 56) 25 (10, 66) 510

92 1 31 36 5 42 (30, 74) 31 (11, 51) 318

93 2 36 (15, 56) 46 (25, 66) 0 (0, 0) 47 (30, 69) 25 (11, 49) 541 (127, 955)

94 3 12 (0, 25) 41 (15, 76) 24 (5,

56)

43 (30, 82) 57 (10, 127) 499 (382, 669)

95 1 87 10 0 46 (30, 67) 20 (11, 29) 32

98 1 66 25 5 49 (30, 69) 38 (21, 62) 191

100 2 10 112 (66, 158) 3 (0, 5) 38 (30, 63) 19 (10, 50) 334 (255, 414)

109 3 48 (15, 71) 44 (20, 71) 3 (0, 5) 45 (30, 94) 24 (10, 53) 764 (350, 1210)
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Structural
class

Polygon Number
of plots

Live tree
density (>
50 cm,
trees/ha)

Dead tree
density
(trees/ha)

Dead
tree
density
(> 50 cm,
trees/ha)

Live tree
diameter
(cm)

Dead tree
diameter
(cm)

Woody debris
density (all
sizes,
pieces/ha)

122 6 0 117 0 (0, 0) 33 (31, 38) 18 (10, 43) 589 (96, 1178)

123 3 14 (5, 25) 14 (0, 31) 10 (0,

20)

39 (30, 71) 54 (42, 68) 743 (605, 955)

125 1 15 20 0 40 (30, 52) 29 (10, 49) 96

139 4 3 (0, 5) 176 (173, 178) 3 (0, 5) 36 (30, 58) 20 (10, 61) 788 (255, 1274)

143 1 76 20 0 43 (30, 70) 33 (29, 37) 318

147 1 0 15 0 38 (35, 41) 21 (15, 31) 223

Mature
Forest
Riparian

53 4 65 (10, 87) 52 (20, 76) 4 (0, 10) 46 (30, 135) 26 (10, 138) 510 (127, 987)

122 4 0 (0, 0) 117 (117, 117) 4 (0, 5) 41 (30, 97) 28 (10, 60) 589 (96, 1178)

Old Forest 41 3 41 (20, 61) 54 (46, 61) 3 (0, 5) 41 (30, 87) 28 (10, 52) 637 (414, 1082)

87 5 19 (0, 51) 54 (0, 112) 5 (0, 10) 42 (30, 98) 26 (10, 84) 382 (64, 637)

96 1 56 15 0 44 (30, 66) 14 (10, 22) 350

114 4 29 (15, 46) 85 (51, 117) 3 (0, 10) 42 (30, 82) 24 (10, 77) 613 (382, 1115)

119 3 5 (0, 10) 54 (20, 87) 3 (0, 5) 39 (30, 89) 22 (10, 75) 594 (255, 1178)

121 1 0 5 0 No live
trees tallied

27 64

136 1 10 127 5 38 (31, 59) 29 (12, 64) 732

138 3 41 (31, 51) 28 (20, 36) 0 (0, 0) 43 (30, 92) 26 (12, 47) 265 (96, 382)

146 1 5 107 15 36 (30, 85) 29 (10, 66) 605

163 1 92 66 0 50 (30, 111) 19 (10, 27) 318

Old Forest
Riparian

163 5 72 (46, 92) 50 (36, 76) 15 (0,
41)

53 (30, 214) 42 (10, 139) 585 (223, 924)

DISCUSSION

We demonstrate that there are many structural differences among the structural classes

we delineated with aerial photo interpretation, and that this method can be used to

objectively compare structural differences among classes.  Comparison of structural

differences among stands will have to be done subjectively unless 6 or more plots are

measured in each stand.  This requirement should not be seen as a negative aspect of

the management strategy.  All habitat management involves subjective evaluation at
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some level; indeed most stand level management in B.C. is done by reconnaissance

visits that involve little or no collection of quantitative data.  This method provides a

minimum amount of data which can always be augmented with further sampling.  Data

from our work could also be used to identify important or rare wildlife habitats such as

old growth or riparian and wetland areas.  Habitat suitability for single species (grizzly

bear spring and summer range, ungulate winter range, etc.) could be derived from

additional analysis of information collected on these studies.  Further, this inventory is

equally useful as a monitoring technique because the measurements can be analyzed

for differences among years.

There are several limitations to our methodology.  We implicitly assume that structure

and general species composition (dominant overstory and understory species) of a

forested stand will serve as good indices of biodiversity (Mowat 1997).  Our method

does not attempt to inventory wildlife species, but only habitat features recognized as

important to structure-dependent species.  We do not attempt to classify or map

ecosystems according to site potential- our mapping is based solely on current

vegetation.  Further, the wildlife habitat inventory methodology does not claim to provide

all the detailed stand-level habitat information necessary for operational planning.

The differences we found in structural complexity across classes were similar to those

reported for the Pacific Northwest (Franklin and Spies 1991, Hansen et al. 1991, Carey

and Johnson 1995, Hansen et al. 1995, Mowat et al. 1997).  Classes that had been

logged had higher amounts of small coarse woody debris (7.5 cm – 20 cm) compared to

immature classes.  Cover of woody debris of all sizes did not differ between young

(immature) and older stands mainly because of high variances.  Similar results were

found in Washington by Carey and Johnson (1995).  However, they found that logging

resulted in stands having less woody debris while our logged stands had more woody

debris than unmanaged immature stands.  In addition to abundance, size is another

important factor when considering the role woody debris plays in the maintenance of

biodiversity.  We found differences only in abundance of small debris in our study.

Larger debris (> 40 cm) plays an important role in long-term biodiversity as larger pieces

decay more slowly and are thus retained on a site for a longer period of time.

There was no difference in stand density of large live trees and snags (over 50 cm dbh)

among the immature, mature and old forest structural classes.  As expected, stand
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density of large live and dead trees was lowest in the logged classes (early seral and

mature forest selectively logged).  Early seral and mature forest selectively logged areas

had an average of 0 and 1 large live trees per hectare while the old forest class had an

average of 27 trees per hectare.  Similarly, Hansen et al. (1991) found that large live

and dead trees were 3 and 5 times more dense in unharvested plots 80-200 years old

than in early seral plots.

There were many differences in structural characteristics between the old forest upland

and riparian classes.  The old forest riparian class had higher A layer closures, larger

live and dead trees, more live trees over 50 cm and a deeper litter and duff layer.  The

only difference between the mature forest class and the mature forest riparian class was

that the riparian area had a deeper litter and duff layer.

Overall, it appears that clearcutting substantially decreases structural complexity.  We

found that mature and old forest structural classes provide a distinctly different and

more structurally complex environment than intensively managed and unmanaged

young stands on the Sheppard Creek Operating Area.  We found no differences in

structure between mature and old forest structural classes on this study.  This is an

important finding for forest managers who are interested in managing mature forest

stands for old forest characteristics to meet biodiversity guidelines.

Overall, structural variables responded consistently among the 3 areas we studied

during 1997.  However, we found that size of live trees was positively correlated with

stand age on this and the Grohman/Baldface Creek study areas but it was negatively

correlated with stand age on the Woodlot 1458 study area.  This unexpected result

appears to be a result of the large live trees left from the last disturbance event on the

woodlot.  Many authors have noted this phenomenon and have coined the term

“biological legacy” to describe the retention of such features from a previous stand

(Hansen et al. 1991, Hansen et al. 1995).  On all study areas stand density of live trees

increased as stand age increased.  Coarse woody debris abundance was highest on

clearcut or selectively logged areas when compared to all other structural classes.

Structural differences among classes are more evident on larger study areas (Appendix

Table 2).  We found differences in 14 out of 16 structural characteristics analyzed

among classes on the Grohman/Baldface Operating Area (11,000 ha) and differences in
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all structural characteristics we measured on this area.  Conversely, we found

differences in only 11 of the 16 structural characteristics we measured on the 600

hectare Woodlot 1458.  Spatial homogeneity may explain why we found fewer

differences on the smaller study area. This leads us to believe that this type of inventory

is best suited to larger study areas.

We made several changes in our methodology as we progressed through this project.

We examined several databases for use in the Module 1 map product.  These

databases included soils, TRIM and Forest Cover.  Following examination of the

datasets, we determined that the TRIM and Forest Cover data sets provided useful

habitat information but the soil data set did not.  The soil data set provided soil type and

classification labels at a scale too small (1:50,000) to be useful for a wildlife habitat map.

Unavailable (but potentially useful) habitat information listed as available in the Forest

Cover database included the location of avalanche and windthrow areas, insect and

disease infestations and location and identification of sensitive wildlife species.  We

explored getting insect and disease information from the Canadian Forest Service once

we discovered that it was not available in the Forest Cover database.  However, the time

and labor involved in assembling these datasets precluded inclusion of this information

in the map product.  Although Module 1 maps provided useful habitat information, we

did not find them to be a critical tool for later modules.

We found that delineation of different structural classes through aerial photo

interpretation (Module 2) worked better on larger study areas simply due to the fact that

structural diversity increases with increasing study area size.  It appears that this

method may be most appropriate on areas that are at least 1000 to 2000 hectares in

size.

Several factors limited the detection of structural differences among classes (Module 4)

in this study.  Some aspects of the initial study design and sampling methodology

proved to be inadequate for determining differences in structural variables.

Documentation of 2 point-to-plant measurements seems to be insufficient for

measurement of horizontal diversity.  It appears that at least 12 point-to-plant

measurements (3 per canopy layer) must be collected to provide adequate sample size

for analysis of horizontal diversity (John Boulanger, pers. commun.).  Canopy complexity

may be more adequately described through measurement of canopy volume than
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through average layer height (MacArthur 1964).  We thus deleted the average layer

height measurement from subsequent studies.  In the future we would like to develop a

canopy diversity index that incorporates canopy cover and number of canopy layers.

The highest diversity rating would be given to stands with high canopy coverage for all

layers.  We changed the minimum size requirement for measurement of live and dead

trees during the field season.  The effort associated with tallying live trees greater than

20 cm was too great for the amount of information gained; we thus increased our

minimum dbh requirement to 30 cm.  We stopped tallying dead trees under 10 cm

based on the fact that birds rarely use snags under this size (Chris Steeger, pers.

commun.).

Number of pieces of large coarse woody debris is biologically important structural

variable but the rarity of this variable made it difficult to analyze for differences between

classes.  The low number of pieces observed on the plot produced a distribution that

was skewed left and thus many parametric test assumptions were violated.  Non-normal

distributions were common for many variables we measured, including coarse woody

debris of all sizes, tree size and numbers of large live and dead trees.  Transformations

designed to rescale data and create normal distributions such as the log, square root,

and arcsine transformations often failed to work with distributions that were strongly

skewed left.  To test for differences among classes, we used to Welch’s ANOVA.  The

Welch’s ANOVA is a robust ANOVA procedure which accounts for heterogenous

variances.  The Sidak unplanned multiple comparison test provided a way to determine

which classes were different from each other when the homogeneity of variance

assumption could not be met.  Unequal sample size among classes also created

problems during data analysis.  We used the F test (Day and Quinn 1989) to determine

whether unequal sample size among classes  would affect the power of our statistical

tests.  In the future, a test designed to account for variables that follow the negative

binomial distribution may be more appropriate for the analysis of these variables.

The methods we used for inventory of structural classes were of limited value for

inventory of wetlands.  Inventory of structural characteristics in wetlands was restricted

by the fact that few of these characteristics were present in the wetlands.  Our data

collection was confined to canopy closure, size of wetland, species composition, coarse

woody debris abundance and standing dead or live trees, if present.  Future habitat

inventory projects should investigate alternative inventories for these habitats.
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Project costs were highest for the inventory pilot projects- the Grohman/Baldface Creek

Wildlife Habitat Inventory and Woodlot 1458 Wildlife Habitat Inventory.  Costs for work

done on this project were lower because development costs were absorbed by the pilot

projects.  Table 9 details project costs by task.  We anticipate that costs will drop

dramatically once the methodology is finalized.
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Table 9.  Wildlife Habitat Inventory project costs by task.
Task Project Number of days Cost to client

Development of Module 1 and 2 maps, GIS Grohman/Baldface Wildlife

Habitat Inventory (pilot project)

Methodology

development= 43

days

GIS= 11 days

$15,000.00,

$5000.00

Meetings with client or Ministry of

Environment staff

5 days $1800.00

Field sampling (includes staff, vehicle and

equipment costs)

65 days $24,000.00

Data entry, office support for field sampling,

misc. office tasks

41 days $14,000.00

Data analysis and report generation, final

map generation

20 days $7,000.00

Total project costs to date $67,000.00
Development of Module 1 and 2 maps, GIS Woodlot 1458 Wildlife Habitat

Inventory (pilot project)

Method

development= 16

days

GIS= 6 days

$5500.00,

$2600.00

Meetings with client or Ministry of

Environment staff

5 days $1700.00

Field sampling 35 person days $13,000.00

Data entry, office support for field sampling,

misc. office tasks

7 days $2500.00

Data analysis and report generation, final

map generation

19 days $7000.00

Total project costs to date $32,000.00
Development of Module 1 and 2 maps, GIS Sheppard Creek Wildlife Habitat

Inventory

Method

development= 20

days

GIS= 9 days

$7500.00,

$3200.00

Meetings with client or Ministry of

Environment staff

7 days $2500.00

Field sampling 86 person days $29,000.00

Data entry, office support for field sampling,

misc. office tasks

27 days $10,000.00

Data analysis and report generation 14 days $5000.00

Total project costs to date $57,000.00
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MANAGEMENT RECOMMENDATIONS

At the landscape level, forest development planning should provide for the maintenance

of a variety of structural types throughout the operating area.  Although old forest types

provide important habitat for many species of plants and animals, old forest is only one

of many structural classes.  Each stage provides important and/or critical habitat to

some species.  Retaining these species in managed forests may require that a full

range of structural stages be provided for across the landscape (Hansen et al. 1991).

Rare habitats such as wetlands and riparian areas play key roles in the maintenance of

biodiversity on the operating area and should be left in tact whenever possible.

In managed stands, stand-level biodiversity can be maintained through the preservation

of structural features measured in this study.  Large live and dead trees, high density of

dead trees of all sizes and coarse woody debris are structural features that play an

especially large role in stand-level biodiversity.  As a minimum, large live (over 50 cm

dbh) and dead trees of all sizes should be retained at the percentage levels suggested

for wildlife trees by the Biodiversity Guidebook.  Marzluff and Lyon (1983) suggest

managing for 80-90 snags > 30 cm per hectare and providing for snags in patches

rather than dispersed throughout the stand.  Managing for wildlife tree patches versus

dispersed snags provides for good overstory canopy development in some areas and

good B2 and B1 layer development in other areas.  Although this density seems high

given the snag densities shown in Table 8, current densities provide guidelines for

retention.

Coarse woody debris provides critical habitat for small mammals and amphibians.  In

BC, there are currently no requirements for coarse woody debris to be left on a site

beyond timber utilization standards.  Mean levels of debris (especially large sized (> 40

cm) debris) outlined in Table 8 should be maintained or increased.

Deciduous trees species provide important bird habitat.  Forest planners (Rick Biller,

pers. commun.) and researchers (Franklin 1990) have noted the important role that

coniferous species diversity plays in overall biodiversity.  A diversity of both deciduous

and coniferous species should be managed for.

It has been documented that vertical diversity greatly influences avian diversity (Marzluff
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and Lyon 1983).  Marzluff and Lyon  (1983) argue that while clearcuts and intensely

managed plantation plots support viable bird populations, the species they support are

typically grassland or generalist species.  In their study of open nesting birds in western

Montana, they found higher species richness in structurally complex forests.  The more

structurally complex forests supported a distinct avian community which had narrow

habitat requirements.  They suggest that habitats should be managed for development

of the B2 and B1 canopy layers.

Other structural features and processes not measured in this study that contribute to

biodiversity at the stand level include insect and disease infestation patches, presence

of mosses, lichens, forbs, ferns, shrubs and ectomycorrhizal fungi (Carey and Curtis

1996).

Choice of silvicultural system influences biodiversity.  Shelterwood and uneven-aged

management systems mimic natural disturbance regimes more closely than clearcutting

especially when structural features are retained as providers of refugia and sources of

recolonizers such as fungi, lichens and cryptogams (Carey and Johnson 1995).  Forest

development should encourage the maintenance of existing structure in addition to

producing new large trees, snags and woody debris over the course of a rotation.
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Appendix 1

Wildlife Habitat Inventory Field Data Collection Guidelines- Sheppard Creek

These guidelines apply to to the wildlife habitat inventory site forms; methods follow site
form format and order.

Site ID Information

1) Project ID = Use a four digit code found in project book.

2) Date = Use format of two digit numbers in (YMD) Sequence.

3) Cell/Polygon # = polygon which the plot is in

4).  Structural class- write the structural class name at the top of the data sheet.
1) Early Seral
2) Shrub
3) Immature Forest
4) Immature Forest Deciduous Leading
5) Immature Forest Riparian
6) Immature Deciduous Leading Riparian
7) Mature Forest
8) Mature Forest Riparian
9) Mature Forest Selectively Logged
10) Old Forest
11) Old Forest Riparian

4) Site/Plot #- = Plot number taken from map.

5)   UTM zone = UTM zones will be plotted by the GIS department.
� Note: If plots are moved in field due to differing circumstances, the new plot

location must be accurately plotted on the field map, with location updated
on office copy (See plot movement in other sampling scenarios).

5) Elevation = Elevations will be plotted by the GIS department.

6) General Location = Use close topographical landmark or creek

7) Project Coordinator = Initials of project coordinator

8) Surveyors = Initials of persons doing field work.
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Vegetation Site Form Information

Small Circular Plot (all measurements on 10 m radius plot)

Note:  all variables listed on front page of data sheet will be measured on the 10 m plot
only.  For example: an observer would estimate A layer canopy closure from the trees
present on the 10 m plot only, and would not include the trees present on the 25 m
radius plot in his/her estimate.

Coarse Woody Debris CWD (B.C. Ministry of Forests 1996)

Definition: CWD is dead woody material, in various stages of decomposition, located
above the soil, larger than 7.5 cm in diameter (or equivalent cross section), which is not
self-supporting (such as trees and stumps).  Pieces are recorded as CWD if the piece
lies above the soil. A piece is no longer above the soil when it is entirely buried beneath
a layer of surface organic matter (forest floor) and / or mineral soil.

Coarse woody debris includes:
� downed horizontal or suspended (not self-supporting) dead tree boles, with or

without roots attached. Coarse woody debris includes fallen trees which still have
green foliage if they no longer have roots attached to the ground which keep them
alive.

� only those pieces greater than 7.5 cm in diameter at the point where the 10 m plot
radius line crosses the piece or if piece is entirely inside plot boundary and >7.5 cm
in diameter(even logs recently cut, before removal)

� uprooted (not self-supporting) stumps greater than 7.5cm in diameter and less than
1.3 m in length

� fallen broken tree tops which may be horizontal or leaning.
� large fallen branches.
� all branches, tree tops, logs or woody pieces have a minimum length requirement

of 1.3 m
� if pieces are shattered, count individually if pieces meet length and diameter

requirements

Does not include:
� live or dead trees (still rooted) which are self-supporting
� dead branches still connected to standing trees
� exposed tree roots
� self-supporting stumps or their exposed roots

CWD is tallied in three different size categories 7.5-20 cm, 20-40 cm and > 40 cm.
* If no CWD is found in plot in a certain size class, enter 0 in corresponding space on
form
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Canopy Closure (%)

Definition: The closure of the area of a vertical projection on a horizontal surface of a
polygon (birdseye veiw)  drawn around the plants perimeter which ignores the gaps
between the branches.  Except for distinct holes in the crown, the area within the
perimeter of the crown is assumed to be fully covered. (Describing Ecosystems in the
Field ,1990)

The canopy closure is done for four different levels or heights within the 10m radius plot:
1) A Layer = mature trees, veteran trees or tall shrubs (i.e. Douglas maple) > 10m

in height (Note:  there is no minimum dbh requirement when counting trees as
part of the A layer canopy closure estimate- the only requirement is that the trees
are at least 10 m in height.  For example: you have 4 trees on your plot.  All trees
are 25 cm dbh, live, and over 10 m tall.  Although you would not tally these trees
for the standing tree tally portion of the data sheet because they do not meet the
minimum dbh requirement (live trees 30 cm), you would count these trees as part
of the A layer canopy because they meet the minimum height requirement (10
m).

2) B2 Layer = regenerating trees, mature deciduous trees, tall shrubs or woody
plants 2-10m in height

3) B1 Layer = shrubs, tree regen < 2m in height
4) G Layer = % plot covered by woody debris > 7.5 cm

Dominant Species

The two most dominant species present at plot are recorded for each of the A,
B1and B2 layers. If the stand is represented by a single species, enter the dominant
species code and use ZZ as your second entry code. This ensures that the necessary
information is present for data input and statistical analysis. Use 2 letter ministry codes
for trees and 4 letter codes for shrubs

Litter and Duff Layer Depth

5 measurements will be taken per plot of the depths of the litter and duff layer.
The litter layer may consist of organic material (recognizable undecomposed vegetative
parts to humified organic material) . This should include mosses or lichens;
therefore, measurement should be from mineral soil up to the base of the top of moss
layer. Mineral soil. consists of unconsolidated mineral material of variable texture, rocks
/cobbles and bedrock.

The litter measurements should be taken at the plot center and at four points on
10m-plot boundary, separated by 90�.  This is dependent on direction of entry to plot.
These measurements must be taken on or as near to the plot radius boundary as
possible. The litter sample site may be moved if sample point falls on large log or pile of
debris. The new sample site must be moved to a representative area of the plot as close
to original point and as near the plot radius line as is possible.
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Point to Plant Distance

Measure the horizontal distance from the plot centre to the nearest tree or shrub.

Standing tree tally of large plot (25 m radius)

All live trees of > or equal to 20 cm diameter at breast height (dbh) and dead
trees of  any dbh will be tallied on the 25 m radius plot.  A tree must be > 1.3 m in
height, have >50% of bole present and meet the DBH requirements to be tallied as a
tree. On a fixed radius plot the central point of the tree stem at DBH will be used to
determine if the tree is “in or out” of the sample. This central point is generally equated
with the tree pith (B.C. Ministry of Forests 1996). A two letter Ministry of Forests tree
species code will be used in recording data. The dbh will be taken at 1.3 m on the high
side.
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Appendix Table  1.  Mean, standard deviation and sample size for 15 forest structural variables measured in 11 structural classes in
the Sheppard Creek Wildlife Habitat Inventory, 1997.

Structural
class

Early Seral Immature
Deciduous
Leading

Immature
Deciduous
Leading
Riparian

Immature
Forest

Immature
Forest
Riparian

Mature
Forest

Mature
Forest
Riparian

Old
Forest

Old
Forest
Riparian

Shrub Mature
Forest
Selectively
Logged

Live tree
density
(trees/ha)

0 (0) 11 60 (55) 20 122 (117) 10 96 (61) 30 110 (56) 9 122 (59) 41 202 (38) 10 144 (69) 22 181 (29) 5 0 (0) 5 40 (26) 16

Dead tree
density
(trees/ha)

2 (8) 11 57 (61) 20 39 (33) 10 58 (55) 30 54 (35) 9 63 (68) 41 61 (39) 10 79 (80) 22 68 (31) 5 89 (19) 14 39 (39) 16

Live tree
diameter (cm)

NA 37 (8) 236 45 (16) 240 39 (9) 562 38 (8) 193 42 (11) 979 43 (13) 397 42 (12) 622 53 (26) 178 NA 36 (6) 124

Dead tree
diameter (cm)

19 (7) 5 17 (11) 92 21 (14) 65 20 (9) 272 25 (11) 87 25 (16) 411 28 (18) 94 26 (14) 320 42 (37) 49 NA 19 (7) 105

Small woody
debris
(pieces/ha)

590 (265)
11

207 (182) 20 252 (249) 10 271 (166) 30 207 (98) 8 344 (279) 62 290 (156) 10 325 (269) 24 465 (278) 5 210 (107) 5 563 (365) 16

Medium
woody debris
density
(pieces/ha)

101 (51) 11 56 (94) 20 76 (72) 10 72 (64) 30 96 (59) 8 117 (95) 62 159 (121) 10 121 (75) 24 83 (62) 5 0 (0) 5 94 (78) 16

Large woody
debris density
(pieces/ha)

9 (15) 11 13 (22) 20 29 (28) 10 16 (27) 30 20 (45) 8 44 (51) 62 51 (55) 10 35 (39) 24 38 (52) 5 0 (0) 5 18 (23) 16

Woody debris
All sizes
(pieces/ha)

1 (264) 11 276 (210) 20 357 (248) 10 360 (192) 30 323 (135) 8 504 (350) 62 500 (246) 10 480 (299) 24 586 (308) 5 210 (107) 5 675 (338) 16

A layer
Closure

73 (1) 11 40 (26) 16 42 (25) 10 52 (23) 25 45 (9) 8 55 (18) 61 68 (14) 10 53 (23) 21 83 (9) 5 0 (0) 5 22 (22) 14

B2 layer
Closure

7 (10) 11 34 (19) 19 21 (11) 10 38 (24) 28 55 (14) 8 28 (20) 59 26 (12) 10 30 (21) 22 23 (27) 5 0 (0) 5 35 (18) 14

B1 layer
Closure

40 (28) 11 68 (21) 20 48 (38) 10 46 (29) 30 73 (20) 8 32 (32) 62 8 (6) 10 33 (28) 24 9 (8) 5 77 (16) 5 72 (19) 16

G Layer
Cover

6 (6) 11 4 (3) 20 5 (4) 10 5 (4) 30 6 (4) 8 7 (7) 62 9 (8) 10 9 (7) 24 8 (3) 5 4 (4) 5 7 (5) 16

Litter and duff
layer
depth (cm)

3 (3) 55 4 (3) 100 7 (4) 50 5 (4) 150 5 (3) 45 5 (3) 310 7 (3) 45 5 (3) 120 10 (6) 25 1 (1) 25 4 (3) 80
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Appendix Table  2.  Observations (mean, minimum and maximum) for 6 WHI variables for
proposed cutblocks, Sheppard Creek Wildlife Habitat Inventory, 1997.
Proposed
Cutblock

Structural
Class

Number
of plots
(tree
plots/
coarse
woody
debris
plots)

Live tree
density (> 50
cm, trees/ha)

Dead tree
density
(trees/ha)

Dead tree
density (> 50
cm, trees/ha)

Live tree
diameter
(cm)

Dead tree
diameter
(cm)

Woody debris
density (all
sizes, pieces/ha)

103-1 MF 2/3 51 (51, 51) 15 (15, 15) 0 (0, 0) 45 (33, 73) 40 (33, 49) 605 (478, 669)

103-2 MF 1/3 0 46 5 37 (30, 46) 31 (12, 67) 340 (159, 573)

103-3 MF 1/3 10 66 10 37 (30, 56) 31 (12, 55) 265 (223, 350)

103-4 MF 2/4 66 (5, 127) 18 (15, 20) 5 (0, 10) 46 (30, 99) 35 (12, 85) 406 (159, 510)

103-5 MF 1/3 5 56 0 37 (30, 50) 20 (10, 29) 297 (159, 382)

103-6 MF 1/3 36 20 15 43 (30, 80) 64 (37, 97) 520 (255, 701)

103-7 MF 2/2 31 (25, 36) 0 (0, 0) 0 (0, 0) 43 (30, 65) No dead
trees tallied

557 (510, 605)

117-2 MF 1/3 5 173 5 38 (31, 58) 22 (12, 61) 626 (255, 828)

117-1 MF/OF 2/3 25 (0, 51) 97 (15, 178) 0 (0, 0) 39 (30, 62) 18 (10, 32) 541 (96, 1274)

83-7 MF 1/3 5 10 10 37 (30, 71) 61 (54, 68) 510 (96, 764)

83-5 MF 2/3 18 (10, 25) 15 (0, 31) 10 (0, 20) 40 (30, 67) 52 (42, 57) 754 (605, 955)

83-4 OF 2/3 5 (0, 10) 54 (20, 87) 3 (0, 5) 39 (30, 89) 22 (10, 75) 594 (255, 1178)

83-6 MF 1/3 0 117 0 33 (31, 38) 18 (10, 43) 658 (382, 1178)

83-3 MF 1/3 46 189 5 43 (30, 68) 26 (10, 62) 563 (127, 1115)
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 Appendix Table  3.  Comparison of differences found in structural variables among the Sheppard
Creek, Grohman/Baldface Creek and Woodlot 1458 Wildlife Habitat Inventory Projects, 1997.

Structural Variable Study Area
Sheppard Creek Grohman/Baldface

Creek
Woodlot 1458

P value and test
Small woody debris density
(pieces/ha)

0.0001
ANOVA

0.0001
Welch’s ANOVA

0.3200
Welch’s ANOVA

Medium woody debris density
(pieces/ha)

0.0446
ANOVA

0.1717
Welch’s ANOVA

0.3435
Welch’s ANOVA

Large woody debris density
(pieces/ha)

0.0140
Welch’s ANOVA

0.0266
Welch’s ANOVA

0.4566
Welch’s ANOVA

Small and medium woody
debris density (pieces/ha)

0.0001
ANOVA

0.0001
Welch’s ANOVA

0.0476
Welch’s ANOVA

Woody debris density (all sizes,
pieces/ha)

0.0001
ANOVA

0.0001
ANOVA

0.0235
Welch’s ANOVA

A layer closure 0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

B2 layer closure 0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

0.7908
Welch’s ANOVA

B1 layer closure 0.0001
Welch’s ANOVA

0.4281
Welch’s ANOVA

0.0018
Welch’s ANOVA

G layer closure 0.0106
ANOVA

0.0095
ANOVA

0.0429
Welch’s ANOVA

Live tree diameter (cm) 0.0001
ANOVA

0.0001
ANOVA

0.0001
ANOVA

Dead tree diameter (cm) 0.0001
ANOVA

0.0001
ANOVA

0.0001
ANOVA

Live tree density (> 30 cm,
trees/ha)

0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

Live tree density (> 50 cm,
trees/ha)

0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

Dead tree density (> 10 cm,
trees/ha)

0.0001
ANOVA

0.0001
Welch’s ANOVA

0.0001
Welch’s ANOVA

Dead tree density (> 50 cm,
trees/ha)

0.0001
ANOVA

0.0001
Welch’s ANOVA

0.9046
Welch’s ANOVA

Litter and duff layer depth 0.0001
ANOVA

0.0001
ANOVA

0.0001
ANOVA


