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SUMMARY

The purpose of this study, Assessing structural attributes in riparian and upland
habitat on TFL 49 was to quantitatively describe terrestrial riparian zones in TFL 49 by
measuring habitat attributes important to wildlife species.  The specific objectives were
to: i) determine the extent of the stream influence upslope, ii) determine whether
ecosystem type, stream class, slope, or aspect meaningfully influence the extent of the
terrestrial riparian zone, iii) identify which habitat attributes exhibit an upslope gradient,
iv) establish baseline or reference conditions that can be used in habitat supply
modeling (modeling habitat attributes over time), and v) establish baseline or reference
conditions against which future riparian silvicultural trials can be compared.

Habitat attributes were measured and compared among three dominant
ecosystem types (Ecosystems 7, 16, and 23) in TFL 49.  Data collection for this project
began in 2001 with streams in two ecosystems sampled (Ecosystems 7 and 16).  Data
collection continued in 2002 with the intent on increasing the sample size of in these
two ecosystems.  In addition, structural information was collected in one new
ecosystem, Ecosystem 23, which was sampled in it entirety in 2002.  Seventeen, 15 and
16 streams respectively were sampled in Ecosystems 7, 16 and 23, totalling 48 streams.
Habitat attributes were sampled using a transect method with increasing distance from
the stream to determine how far the stream influence extended upslope.  Number of
transects conducted per stream ranged from one to six.  The primary habitat attributes
that were summarized include categories of trees, dead wood and cover layers.
Akaike’s Information Criterion was used to the test the response of the habitat
attributes to distance from stream, ecosystem type, stream size, aspect, and slope.

Distance from stream and ecosystem type accounted for the most variation in
habitat attribute distribution.  Distance from stream proved to be a good explanation
for: all live trees, large trees, large snags, well-decayed snags, all categories of CWD,
and herb and inorganic cover.  Ecosystem type was important in explaining variation for
large pieces of CWD, shrub cover, herb cover, and moss cover.  Generally, habitat
attributes in Ecosystems 7 and 16 had consistent patterns of distribution relative to the
stream.  Attributes exhibited a gradient of response rather than an abrupt change from
riparian to upslope habitat in both these ecosystems.  Two tree species, lodgepole pine
and spruce, may be useful in delineating riparian versus upland habitat in Ecosystems 7
and 16 as there was a transition from riparian-spruce to upland-pine forest that
occurred between 20 and 30 m from the stream in both ecosystems.  In contrast,
habitat attributes in Ecosystem 23 showed little change with increasing distance from
the stream.  These results suggest the influence of streams is much greater in
Ecosystems 7 and 16 compared to 23 and that a blanket riparian management strategy
across TFL 49 may not be appropriate.  Establishing natural ranges of habitat attributes
in each ecosystem is an important part of defining riparian areas in southern interior
forests, and in establishing objectives and riparian guidelines in TFL 49 in conjunction
with aquatic criteria.
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INTRODUCTION

The purpose of this project was to define the riparian management zone based
on ecologically relevant criteria.   The specific objectives were: i) determine the extent
of the stream influence upslope, ii) determine whether ecosystem type, stream class,
slope, or aspect meaningfully influence the extent of the terrestrial riparian zone, iii)
identify which habitat attributes exhibit an upslope gradient, iv) establish baseline or
reference conditions to be used in habitat supply modeling (modeling habitat attributes
over time), and v) establish baseline or reference conditions against which future
riparian silvicultural trials could be compared.  These data are an important part of
defining riparian management areas within TFL 49 and have relevance to riparian areas
in most IDF, MS, and ESSF forests of the southern interior. A copy of the Forest
Investment Initiative proposal is provided in Appendix 4.

This study compared riparian terrestrial habitat characteristics in three ecosystem
types and two stream classes in age class six and seven forests on TFL 49.  The forest
ecosystem types (defined by Herbers and Serrouya, 2001) are Cluster 7 (mesic/sub-
mesic IDF), Cluster 16 (mesic ESSF/MS/ICH) which were partially sampled in 2001, and
Cluster 23 (mesic/subhygric ESSF) which was not sampled.  Combined, these three
ecosystem types compose 80% of the forested landbase on TFL 49 and contain
approximately 75% of the length of mapped streams.  Results from the optimization
analysis suggest that within each ecosystem type, eight polygons should be sampled in
each of two stream classes, S3 and S4 (as designated by the Riparian Management
Guidebook).

The response of habitat attributes to four main parameters were examined.
These parameters include: ecosystem type (cluster), stream class (S3 or S4), aspect,
and slope.  A set of candidate models were developed to explain sources of variation for
each habitat attribute.  A primary goal of this research was to determine if habitat
attributes exhibit an upslope gradient, and how far the stream influence extends, the
distribution of each habitat attribute relative to the stream were measured using the
distance from stream in five categories of distance from the stream.  It was
hypothesized that each habitat attribute was independently affected by ecosystem type,
stream class, aspect, and slope. The interaction of the five distance combinations were
investigated with each of the main independent variables (ecosystem type, stream
class, aspect, slope).  Best-fit models were identified using Akaike’s Information
Criterion (AIC).  “Best” fit models were defined using the principle of parsimony, a
compromise between bias (too few parameters) and variance too many parameters
(Burnham and Anderson 1998).

Riparian areas are interfaces between aquatic and terrestrial ecosystems
(Gregory et al. 1991).  Although encompassing a small percentage of the landbase,
riparian areas are critical to the function of both aquatic and terrestrial ecosystems.
Terrestrial riparian areas provide shade and bank stability to streams, and are also
sources of nutrients, allocthonous input, and woody debris; all serve to protect water
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quality, maintain stream channel morphology and ecological function.  As an ecotone
between aquatic and upland ecosystems, terrestrial riparian areas have a unique
microclimate, higher productivity (e.g., greater vegetation growth), and increased
moisture compared to other terrestrial communities.  These environmental conditions
result in structurally complex and diverse vegetation communities that are often typified
by hardwood trees and high shrub cover thus providing important habitat for forest-
dwelling vertebrates and invertebrates (Bunnell et al. 1999).  However, the extension of
the riparian influence into the terrestrial upland is not well defined, particularly in
coniferous forests where riparian zones are not visually distinct.

The Riparian Management Guidebook (Forest Practices Code) has delineated
management and reserve zones around streams depending on stream size, community
watershed value, and presence or absence of fish.  However, the importance of riparian
areas may vary regionally (e.g. Kinley & Newhouse 1997; Nierenberg & Hibbs 2000;
Pearson & Manuwal 2001), and blanket management prescriptions across forest types
may not be appropriate.  The distribution and species composition of riparian
vegetation is affected by many factors such as, flooding patterns, fire frequency and
insect disturbance.  Riparian areas are further modified by size of stream, aspect, slope,
microsite variation, and biotic interactions.  Within the Pacific Northwest, a number of
studies have compared the terrestrial habitat along streams to that of upland habitat
(e.g.  McComb 1993; Gyug 2000; Pearson & Manuwal 2001).  However, these studies
did not treat distance from stream as a gradient, but rather compared vegetation
immediately adjacent to that 100 m or more away from the stream.  It is only recently
that studies have examined changes in vegetation across the transriparian gradient in
order to determine the distance riparian zones extend into upland coniferous forests.
Differences in habitat structure were found up to 32 m away from streams in the
Oregon Coast Range (Pabst & Spies. 1999; Nierenberg & Hibbs 2000).  In dry interior
forests of British Columbia, differences in habitat structure between riparian and upland
forest have been documented in Montane Spruce and Engelmann Spruce-Subalpine Fir
biogeoclimatic zones in the southern interior and south eastern regions of British
Columbia (Gyug 2000; Kinley & Newhouse 1997).  However, the biological delineation
of riparian zones based on habitat attributes has yet to be determined.

Defining riparian areas using structural attributes is important for a number of
reasons. First, describing riparian zones in an unmanaged state will establish baseline or
reference conditions with which to compare managed riparian areas.  Second, there is a
need to define riparian reserves and management areas based on biological gradients
so that management guidelines within these zones are ecologically relevant; a
quantitative description of habitat attributes is a first step.  Finally, it is important to
determine what habitat differences exist between riparian and upland forests to identify
unique riparian habitat characteristics that should be given priority in management
planning.  This is particularly important from the perspective of ecological
representation as it is often assumed that riparian areas contribute disproportionately
more to the maintenance of biodiversity due to high site productivity, moisture, and
structural diversity.  This assumption needs to be tested in southern interior forests of
British Columbia.
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These data will be an important part of defining riparian management areas
within TFL 49 based on an ecological rationale.  Work on the validation of an alternative
riparian management model represents an integral component of the Ecological Forest
Stewardship Project (EFSP) that Riverside started in 1998 on TFL 49.  Under the EFSP,
Riverside will integrate an ecological-based total resource management model into the
day-to-day operations of its TFL.  Company management and professionals are
accountable for achieving specific targets relating to a series of environmental, social
and economic criteria, indicators and measurables.  Riverside has completed much of
the design work on this model and is preparing to field test it in operations during
2002/03.  Many aspects of the EFSP, as outlined below, relate to key service plan
priorities of the province’s resource ministries.

The EFSP covers the 145,000 hectares contained within TFL 49 that is located on
the west side of Okanagan Lake. For this Stewardship Plan the TFL 49 has been sub-
divided into 24 separate watershed management units (MU’s), ranging in size from
approximately 150 to 20,000 hectares. The boundaries of the various management
units were determined using a combination of the following factors:

� distinct watershed or watershed sub-basin,
� established Community Watershed under the Forest Practices Code, and
� administrative boundaries (i.e. TFL boundary, private land, etc.).

The MU’s represent landscape scale areas within the TFL. These MU’s can be
used to track, monitor, conduct analysis and report on various characteristics of the
TFL. The MU’s also represent an area of the TFL for which various Criteria and
Indicators can be assessed and reported on. The MU’s  will be subdivided into strategy
units to facilitate operational implementation of the Ecological Forest Stewardship
Project management strategies.

STUDY DESIGN

Using the results from 2001, an optimization analysis was completed to
determine the study design(s) that would provide the most precise estimates of habitat
variables for the least amount of effort (Maxcy et al. 2002).  As a result, the study
design and methodology were modified to improve the precision of habitat attribute
measurements for the proposed sampling.

This study compared riparian terrestrial habitat characteristics in three ecosystem
types and two stream classes in age class six and seven forests on TFL 49.  The forest
ecosystem types (defined by Herbers and Serrouya, 2001) are Cluster 7 (mesic/sub-
mesic IDF) and Cluster 16 (mesic ESSF/MS/ICH) which were partially sampled in 2001,
and Cluster 23 (mesic/subhygric ESSF) which was not sampled.  Combined, these three
ecosystem types compose 80% of the forested landbase on TFL 49 and contain
approximately 75% of the length of mapped streams.  Results from the optimization
analysis suggested that within each ecosystem type, eight polygons should be sampled
in each of two stream classes, S3 and S4 (as designated by the Riparian Management
Guidebook) (Figure 1).  Therefore, in the mesic/subhygric ESSF (Cluster 23) which was



Assessing structural attributes in riparian and upland habitat on TFL 49 – FINAL REPORT – 2002/2003

File: 544-001 Project: 22049 Date: March 2003 Page 8

not sampled in 2001, a total of 16 polygons with eight replicates per stream class were
sampled (Table 1).  In Cluster 7 and Cluster 16, eight (8) additional sites were sampled
in each ecosystem type, four per stream class, to improve the habitat attribute
estimates from 2001.  Candidate streams were identified using GIS mapping and, from
this set, streams were randomly sampled.

Field measurements
A transect design was used to sample habitat across the transriparian gradient.

Transects were oriented perpendicular to the stream, capturing changes in habitat
structure with increasing distance from the stream (Figure 1).  The perpendicular
transect length was 40 m for all streams; at one site, transects on one side of the
stream were 30 m to minimize the influence of a stream adjacent to the one being
sampled.  Between one and six transects were sampled per stream, with four or six
transects sampled at the majority of sites.  The first two transects were located at a
randomly selected point along the stream.  The second set of transects was located
between 75 and 100 m upstream or downstream of the first transects with the direction
selected ensuring transects still occurred in the same ecosystem type.  Effort was made
to ensure each stream was in a patch large enough to ensure that all transects were at
least 50 m from any forest edge and that past logging activities (either upstream or
downstream) were a minimum of 100 m away.

Stream

Centerline

10 m

 5 m wide transect for all
snags and trees � 7.5 cm DBH

10 m wide transect for trees
� 30 cm DBH and all snags

Parallel and perpendicular
transects for CWD

30 m

Figure 1.  Habitat sampling layout across the transriparian gradient (adapted from Huggard
2000).
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The transect consisted of a centerline, a 5 m wide transect extending 2.5 m to either
side of the centerline, and a 10 m wide transect extending 5 m to either side of the
centerline.  Each transect was further divided into 10 m segments beginning from the
stream edge.  All trees and snags �7.5 cm DBH were recorded within the narrow 5 m
wide transect; all snags �7.5 cm DBH and large trees �30 cm DBH were recorded in the
10 m wide transect (Figure 1).  All coarse woody debris (CWD) that intersected the
centerline was recorded as well as along transects that ran parallel to the stream
located at the center of each 10 m segment.  These parallel transects extended 5 m to
either side of the centerline for all streams sampled in 2001.  To improve CWD volume
estimates in 2002, these parallel transects were extended 30 m to either side of the
centerline if possible.  For some streams, the parallel transects were shorter because of
changes in stream morphology.  All CWD was recorded in the first 15 m of these
transects and only CWD � 30 cm DBH were recorded in the last 15 m.  Trees, snags
and CWD were recorded separately by 10-m transect segment (i.e., 0-10 m, 10-20 m,
20-30 m, and 30-40m from the stream edge).  Within each segment, a 5 m radius
circular plot was used to estimate cover layers, dominant plants, and biogeoclimatic site
series (Lloyd et al. 1990).   Tree cores were also taken at most sites.  The largest
representative trees in the stands were selected within 10 m of the stream and
approximately 40 m away from the stream along most transects.  Cores were counted
to establish stand age. A complete set of the data for the three clusters, including the
data collected in 2001, is provided in Appendix 3.

Measurement of habitat variables followed Huggard (2001).  The following is a
brief description of the information recorded for each of the main variables:

Trees and snags (≥ 7.5 cm DBH): species, DBH, height, height-to-crown, and decay
class were recorded.  Trees ≤ 7.5 cm DBH, but > 1.3 m in height were counted by
species.
Coarse woody debris: species, diameter, decay class (except decay class 5), and
height above ground were recorded for all pieces that intercepted the CWD transect
lines.
Cover layers: within the 5 m circular plots for each segment, cover estimates were
recorded for inorganic ground cover (mineral soil, rock), litter (decaying organic
matter), lichen, moss, herbs, shrubs (< 15 cm high), shrub (15 cm to 2 m tall), shrubs
(> 2 m), and canopy cover.  Dominant species were recorded in each cover layer.

Data analysis
The habitat attributes included in the data analysis were selected because of

their importance for many wildlife species (Bunnell et al. 1999).  For trees and snags
� 7.5 cm DBH, the density and basal area was calculated.  The density of large trees
and snags (� 30 cm DBH) was analyzed separately, as was the density of soft snags
(decay class 6+).  The volume of coarse woody debris was calculated from the
diameters at point of interception using Van Wagner (1968).  Volume of CWD was
summarized for all CWD � 7.5 cm DBH, CWD � 30 cm DBH, and well decayed CWD
(decay class 4).  For each of the seven cover layers, average cover values were
calculated.  The proportion of site series recorded with increasing distance from the
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stream was calculated for each ecosystem type.  Wet site series include anything above
01 i.e. zonal site series within each variant, and dry site series included anything below
01.  The proportion of the total number of the four dominant tree species occurring on
TFL 49 (Douglas-fir, lodgepole pine, sub-alpine fir, and spruce) were analyzed with
increasing distance from the stream.

For each habitat attribute, a mean and standard error (SE) was calculated by
segment (0-10 m, 10-20 m, 20-30 m, 30-40 m).  For each stream, transects on the
same side of the stream were averaged and considered a single transect in the
analyses.  Transects were combined by side so analyses by slope and aspect could be
conducted.

The response of habitat attributes to four main variables were examined.  These
parameters included: ecosystem type, three categories of stream size (<1.5 m, 1.5 to
3 m, and >3 m in wetted width), aspect (warm: 1360-3140 and cool: 3150-1350), and
three slope categories (< 150, 150 to 450, and > 450).  Following Burnham and
Anderson (1998), a set of candidate models was developed to explain sources of
variation for each habitat attribute.  It was hypothesized that each habitat attribute was
independently affected by ecosystem type, stream size, aspect, and slope.  Distance
from stream in four categories was also examined (Table 1).  Finally, the interaction of
the four distance combinations with each of the main independent variables
(ecosystem, stream size, aspect, slope) was examined.  Best fit models were identified
using Akaike’s Information Criterion (AIC).  “Best” fit models are defined using the
principle of parsimony, a compromise between bias (too few parameters) and variance
(too many parameters;- Burnham and Anderson 1998).  Delta (�) AIC was then
calculated by using the absolute difference between each model and the model with the
lowest AIC value.  The � AIC was then used to calculate AIC weights (ωI) for each
model.  AIC weights allow for a relative comparison between models to determine
which models best explain the data.  Weights are interpreted as the probability of each
model “best” explaining the data relative to other candidate models.

The Grand Null Model predicts no effect of ecosystem type, stream size, slope,
aspect or distance from stream.  The Ecosystem Null predicts an effect of ecosystem
type only.  Similarly, Stream Size Null, Slope Null, and Aspect Null respectively predict
an effect of stream size, slope, or aspect.  Models that test for an interaction between
ecosystem type, stream size, slope, or aspect with the distance categories are written
using a combination of the abbreviations in Table 1.  For example, Ecosystem D1/D2-4
predicts that there is an effect of ecosystem type, and that 0 to10 m from the stream is
different from 10 to 40 m.

Graphs generally represent the outcome of likelihood modeling and therefore
show distance from stream interacting with ecosystem type.  Estimates of habitat
attributes from landbase plots in all three ecosystem types are also included in the
graphs for comparative purposes.  These means were obtained from Herbers and
Serrouya (2003).  Other results are highlighted where appropriate.
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Table 1.  The five distance combinations used to examine the distribution of habitat attributes
relative to streams on TFL 49.  Zero meters is at the stream edge.

Distance Models 0-10m (D1) 10-20m (D2) 20-30m
(D3)

30-40m (D4)

1.  D1/D2/D3/D4 0 to 10 m 10 to 20 m 20 to 30 m 30 to 40 m
2.  D1/D2-D4 0 to 10 m 10 to 40 m grouped
3.  D1-2/D3-D4 0 to 20 m grouped 20 to 40 m grouped
4.  D1-3/D4 0 to 30 m grouped 30 to 40 m

grouped

RESULTS

There were 225 transects sampled on 48 streams, in Ecosystems 7, 16 and 23 in
TFL 49 (See Appendix 1 for map of sites in TFL 49).  A full table of the means and
standard errors for all habitat attributes is provided in Appendix 2.  Generally, distance
models were good explanations of variability in the data, as was ecosystem type, with
slope and aspect being important for a few variables.  The Grand Null model was
consistently found to be a good explanation for patterns of dead wood (both snags and
CWD) (Table 2).  This result is likely due to large variability in the estimation of these
specific habitat attributes, and not a lack of ecologically meaningful trends; distance
models performed almost as well as the null model with respect to dead wood.
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Table 2.  Summary of model testing for habitat attributes in riparian areas of streams located
in TFL 49.  Only models that have � 0.10 AIC weights are shown with the null model included
for comparison.  The most parsimonious model(s) are shown in bold for each habitat attribute.

Variable Model Variance K ∆ AIC AIC wts
Live trees D1/D2-D4 346375.40 3.00 0.00 0.19

Grand null 363057.13 2.00 2.23 0.06
Large trees Grand null 9238.85 2.00 0.00 0.28

D1/D2-D4 9112.57 3.00 0.76 0.19
D1-D3/D4 9177.30 3.00 1.40 0.14
D1-D2/D3-D4 9183.27 3.00 1.46 0.13

All snags Slope 69600.67 3.00 0.00 0.53
Grand null 77789.91 2.00 6.01 0.03

Large snags Grand null 1348.69 2.00 0.00 0.25
Stream class 71393.71 3.00 2.29 0.17
D1/D2-D4 1336.14 3.00 1.16 0.14
Ecosystem 1311.39 4.00 1.48 0.12

Soft snags Grand null 1282.14 2.00 0.00 0.28
D1-D2/D3-D4 1280.11 3.00 1.86 0.11
D1/D2-D4 1281.66 3.00 1.97 0.10
D1-D3/D4 1281.80 3.00 1.98 0.10
Aspect 1282.11 3.00 2.00 0.10

CWD volume Grand null 5504.15 2.00 0.00 0.22
D1/D2-D4 5401.07 3.00 0.30 0.19
D1-3/D4 5449.18 3.00 1.10 0.13

Large CWD volume Grand null 2615.09 2.00 0.00 0.19
Ecosystem 2507.79 4.00 0.23 0.17
D1/D2-D4 2565.95 3.00 0.29 0.17

Soft CWD volume Grand null 811.03 2.00 0.00 0.21
Aspect 802.23 3.00 1.02 0.12
D1-3/D4 802.33 3.00 1.03 0.12
D1/D2-D4 804.83 3.00 1.31 0.11
D1-2/D3-4 804.34 3.00 1.25 0.11

Canopy cover Ecosystem 117.95 4.00 0.00 0.51
Grand null 127.33 2.00 2.88 0.12

Shrub cover Ecosystem 159.13 4.00 0.00 0.59
Grand null 175.34 2.00 4.73 0.06

Herb cover Ecosystem 168.20 4.00 0.00 0.68
Grand null 199.20 2.00 11.22 0.00

Moss cover Ecosystem 344.07 4.00 0.00 0.42
Ecosystem - D1/D2-4 162.53 7.00 2.91 0.16
Grand null 380.33 2.00 5.02 0.03

Inorganic cover Stream size 78.61 4.00 0.00 0.44
Slope 347.08 4.00 0.78 0.28
Stream size D1-2/D3-
4

75.47 7.00 2.34 0.14

Stream size D1/D2-4 75.91 7.00 2.86 0.10
Grand null 93.01 2.00 11.14 0.00
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Live trees
Distance from stream was the best explanation for all tree and large tree density

(Table 2).  Although ecosystem was not identified as a significant explanatory model,
there still seem to be some important ecosystem differences.  For all trees, distance
model 2 showed the best fit; tree density was lowest within 10 m of the stream and
progressively increased upslope in all ecosystem types (Figure 2a).  Further, Ecosystem
23 tree densities were consistently higher than Ecosystems 7 and 16, which had similar
tree densities.  Similar to all trees, distance model 2 was the best explanation of large
tree distribution, however, distance models 3 and 4 deserve consideration (Table 2).  In
contrast to the distribution of all live trees, the highest density of large trees were
recorded within 10 m of the stream and generally declined with increasing distance for
Ecosystems 7 and 16 (Figure 2b).  The density of large trees in Ecosystem 23 showed
no pattern with respect to distance from stream.

A.  Live tree density

Distance from stream (m)
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B. Density of trees >/= 30cm DBH
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Figure 2.  Mean (± 2SE) density (#/ha) of A. all live trees ≥ 7.5 cm DBH and B. trees ≥ 30 cm
DBH for Ecosystem 7 (� – mesic/submesic IDF/ICH/MS/ESSF), Ecosystem 16 (● – mesic
MS/ESSF), and Ecosystem 23 (� – mesic/subhygric ESSF) with increasing distance from the
stream.

Snags
Slope was clearly the best explanation of the distribution of overall snag density

(Table 2).  Snag densities were highest on slopes < 150 (374 snags/ha), moderate on
slopes 150 to 450 (305 snags/ha), and lowest on slopes > 450 (128 snags/ha).  Similar
to all trees, overall snag densities in Ecosystem 23 was consistently higher than
Ecosystem 7 and 16 (Figure 3a).  The distribution of large snags and soft snags was
highly variable (Figure 3b, 3c).  Although the best explanation of large snag distribution
is the null model, distance model 1 and the ecosystem model might be considered.
Densities of large snags tended to be highest within 10 m of the stream, with the
exception of Ecosystem 7.  As for ecosystem differences, the highest density of large
snags were observed in Ecosystem 23 with densities ranging from approximately 20 to
30 large snags/ha.  In both Ecosystem 7 and 16, the density of large snags within 40m
of the stream were consistently higher than the landbase.  For soft snags, densities
within 40m of the stream were all higher than densities observed in the Ecosystem 7
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landbase (Figure 3c).  In Ecosystem 16 and 23, no differences were observed for soft
snag densities between the riparian zone compared to the landbase.
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Figure 3.  Mean (± 2SE) density (#/ha) of A. all snags ≥ 7.5 cm DBH, B. snags ≥ 30 cm DBH
and C. soft snags (decay class 6+) for Ecosystem 7 (� – mesic/submesic IDF/ICH/MS/ESSF),
Ecosystem 16 (● – mesic MS/ESSF), and Ecosystem 23 (� – mesic/subhygric ESSF) with
increasing distance from the stream.

CWD
Despite large variability, distance models provided generally good explanations of

all CWD, large CWD, and well-decayed CWD (Table 2).  For all three classes of CWD
analyzed, volume was highest within 10 m of the stream (Figure 4a, 4b, 4c).
Ecosystem should also be considered a candidate model for large CWD (Figure 4b).
Overall, large CWD volume in Ecosystem 7 was two times greater than Ecosystem 16,
and three times greater than Ecosystem 23.  Aspect is also a good explanation of well-
decayed CWD; cool aspects had slightly higher volumes of soft CWD than did warm
aspects with means of 33 and 27 m3/ha respectively.

For general landbase comparisons, the volume of CWD in the riparian zone was
approximately two times greater than the volume recorded for the overall landbase in
Ecosystem 7 (Figure 4a).  No appreciable differences were noted between areas < 40
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m from streams compared to areas > 100 m for both Ecosystem 16 and 23.  The
volume of large CWD and well-decayed CWD within 40 m of streams was greater than
landbase volumes for each ecosystem type, particularly Ecosystem 7 (Figure 4b, 4c).
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Figure 4.  Mean (± 2SE) volume of CWD (m3/ha) for A. all CWD ≥ 7.5 cm DBH, B. CWD ≥ 30
cm DBH, and C. soft CWD (decay class 4) for Ecosystem 7 (� – mesic/submesic
IDF/ICH/MS/ESSF), Ecosystem 16 (● – mesic MS/ESSF), and Ecosystem 23 (� –
mesic/subhygric ESSF) with increasing distance from the stream.

Vegetation cover
Ecosystem was the best explanation of shrub cover, herb cover, and moss cover

(Table 2).  Shrub cover showed different patterns of distribution relative to the stream
in each ecosystem (Figure 5a).  In Ecosystem 7, shrub cover showed no pattern relative
to the stream, with mean estimates of 14%.  The highest shrub cover estimate (27%)
was recorded within 10 m of the stream in Ecosystem 16 with cover progressively
declining upslope.  Shrub cover in ecosystem 23 was consistently between 20% and
25% and changed little with increasing distance from the stream.  Generally, herb cover
showed variable responses with respect to stream presence depending on ecosystem
type (Figure 5b).  Herb cover was consistently low in Ecosystem 7, and high in
Ecosystem 16, ranging from 25% to 30%.  The highest herb cover was recorded within
10 m of the stream in Ecosystem 23, which then declined upslope.  For moss cover,
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Ecosystems 7 and 23 showed no pattern with respect to the stream with mean cover
values of 18% and 33% respectively (Figure 3c).  However, moss cover in ecosystem
16 showed an increase from 10 m to 40 m upslope.  In contrast to the other cover
classes, the best model of inorganic cover was stream size; inorganic cover was lowest
on streams < 1.5 m (mean = 0.87), followed by streams between 1.5 m and 3.0 m
(mean = 2.43), and greatest on streams >3.0 (mean = 10.02).  Distance was also a
competing model to explain inorganic cover as inorganic cover was greatest within 20
m of streams and declined thereafter in ecosystem 7 and 16.  Inorganic cover was
consistently low in ecosystem 23 regardless of distance from stream (Figure 5d).

Site Series Distribution
In all ecosystems the greatest proportion of wet site series groups was observed

within 10 m of the stream (Figure 6a, 6b, 6c).  In Ecosystem 7, 60% of plots near
streams were classified as wet site series; at distances greater than 10 m, 50% of the
sites recorded mesic site series with drier site series increasing slightly and wetter site
series decreasing with distance from the stream (Figure 6a).  Similar to Ecosystem 7,
wet series dominated within 10 m of the stream in Ecosystem 16 making up over 80%
of the plots (Figure 6b).  Site series got progressively drier with increasing distance
from the stream.  The distribution of site series in Ecosystem 23 showed the least
obvious stream influence (Figure 6c).  Mesic and wet site series accounted for
approximately 85% of sites within 10 m of the stream.  At distances > 10 m, mesic site
series accounted for approximately 50% of the samples with drier site series increasing
and wetter site series decreasing upslope.

Tree Size/Age Distribution
There was little difference in mean tree age between trees growing close to the

stream compared to those further upland in all three ecosystems (Figure 7a, 7b,
and 7c).  However, there were differences in tree sizes relative to the stream.  In both
Ecosystem 7 and 16, dominant trees tended to be larger within 10 m from the stream;
mean tree DBH in Ecosystem 7 was 42.8 cm near the stream and 32.6 cm upslope, and
in Ecosystem 16, means were 42.8 cm and 31.5 cm, near and far from the stream
respectively.  The mean size of cored trees in Ecosystem 23 was similar within 10 m
and 40 m away from the stream.
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Figure 5.  Mean (± 2SE) cover (%) estimates of A. shrubs (>15 cm and ≤2 m in height), B.
herbs, C.  moss and, D.  inorganic cover for Ecosystem 7 (� – mesic/submesic
IDF/ICH/MS/ESSF), Ecosystem 16 (● – mesic MS/ESSF), and Ecosystem 23 (� –
mesic/subhygric ESSF) with increasing distance from the stream.
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Figure 6.  Proportion of dry, mesic, and wet site series with increasing distance from the
stream in A. Ecosystem 7, B. Ecosystem 16, and C. Ecosystem 23.
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Figure 7.  Relationship of DBH (cm) to age for dominant tree cored within 10 m (grey
diamonds) and 40 m (open circles) from the stream in A. Ecosystem 7, B. Ecosystem 16, and C.

Ecosystem 23.  Mean DBH and age for all cored trees within 10 m (black diamond) and 40 m
(black circle) is included for each ecosystem.

A.  Ecosystem 7

10 20 30 40 50 60 70 80

Ag
e

50

100

150

200

250

300

C.  Ecosystem 23

DBH (cm)

0 10 20 30 40 50 60 70

Ag
e

0
20
40
60
80

100
120
140
160
180

B.  Ecosystem 16

10 20 30 40 50 60 70 80

Ag
e

0

50

100

150

200

250

300

350



Assessing structural attributes in riparian and upland habitat on TFL 49 – FINAL REPORT – 2002/2003

File: 544-001 Project: 22049 Date: March 2003 Page 20

Tree Species Patterns
The four most abundant tree species on TFL 49 showed different patterns of

distribution relative to the stream.  Subalpine fir did not appear to be influenced by
stream proximity in any ecosystem (Figure 8a).  The proportion of Douglas fir observed
in Ecosystem 7 and 16 increased with increasing distance from the stream (Figure 8b).
Similarly, lodgepole pine were more common away from the stream in all three
ecosystems, increasing in density to 30 m (Figure 8c).  Spruce were proportionally most
abundant near streams and declined in density to 30 m in Ecosystem 7 and 16; no
relationship was observed in Ecosystem 23 for this species (Figure 8d).

Figure 8.  Proportion of A. Subalpine fir  B. Douglas-fir  C. Lodgepole pine, and D. Spruce in
Ecosystem 7 (� – mesic/submesic IDF/ICH/MS/ESSF), Ecosystem 16 (● – mesic MS/ESSF), and
Ecosystem 23 (� – mesic/subhygric ESSF) with increasing distance from the stream.
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DISCUSSION

The main objectives of this project were to: 1) determine the extent of the
stream influence upslope in three ecosystems in TFL 49, 2) determine whether
ecosystem type, stream class, slope, or aspect meaningfully influence the extent of the
terrestrial riparian zone, and 3) identify which habitat attributes exhibit an upslope
gradient characterize the riparian zone using structural attributes important to wildlife.
Models that included distance from stream consistently performed well at explaining the
distribution of habitat attributes; ecosystem type was also important for many variables.
Generally, distance from the stream appeared to be important in Ecosystems 7 and 16,
and not as strong in Ecosystem 23.  Further, levels of habitat attributes found within
40 m of the stream in Ecosystem 7 and 16 tended to be higher than those observed in
the rest of the landbase but not so for Ecosystem 23.  These results suggest the
influence of streams is much greater in Ecosystems 7 and 16 compared to 23 and that a
blanket riparian management strategy across TFL 49 may not be appropriate.
Establishing natural ranges of habitat attributes in each ecosystem is an important part
of defining riparian areas in southern interior forests, and in establishing objectives and
riparian guidelines in TFL 49 in conjunction with aquatic criteria.

Distance from stream
Distance from stream was useful in explaining the distribution of 10 of the 13

attributes analyzed including: all trees and large trees, large snags and soft snags, all
categories of CWD, as well as shrub, herb and inorganic cover.  Similar patterns with
respect to the transriparian gradient have been observed by other researchers.  They
include: greater density of live trees and snags upslope ( McComb 1993; Pabst & Spies.
1999; Gyug 2000; Nierenberg & Hibbs 2000), higher density of large trees near streams
(Gyug 2000; Andison and McCleary 2002) and greater volume of CWD near streams
(Gyug 2000).  In the vegetation cover categories, higher shrub cover is often observed
(Kinley & Newhouse 1997; Gyug 2000; Pearson & Manuwal 2001) but not always
(Minore & Weatherly 1994).  Greater herb cover has also been recorded near streams
(Gyug 2000).  For most of these habitat attributes, estimates of abundance within 10 m
of the stream was different from estimates further upslope but stream influence
extended further in some cases.  The influence of the stream was not the same for
each attribute with some decreasing in abundance from the stream to upslope, and
others increasing.  Further, patterns of distribution were often changed among
ecosystem types.

There are a variety of factors that likely resulted in the distribution patterns of
habitat attributes observed in this study.  Forest layers respond differently to
environmental gradients, or to similar gradients at different scales (Sagers 1997).  The
complex structure of riparian zones is a result of environmental tolerances, variable
light, moisture, and nutrient regimes, and past disturbance events (Sagers 1997).  In
many forests, shade tolerance is a critical factor determining competitive abilities (Pabst
and Spies 1998); moisture is also one of the primary abiotic factors limiting plant
establishment and growth.  A downslope gradient of increasing soil moisture, relative
humidity, and possibly increasing light levels would enhance growing conditions for
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many tree, shrub, and herb species (Pabst and Spies 1998).  For example, the density
of large trees was greatest within 10 m of the stream in both Ecosystem 7 and 16.
Large trees had similar ages to smaller trees upslope.  This suggests better growing
conditions along streams compared to upland habitat.  Gyug (2000) also found larger
trees in streamside stands compared to upland habitats; this was also a result of better
growing conditions for trees near streams.  These better growing conditions may, in
part, be due to greater moisture availability near streams as indicated by the greater
proportion of wet site series near streams in ecosystem 7 and 16.

Individual tree species showed some interesting patterns with respect to stream
presence, particularly lodgepole pine and spruce.  Lodgepole pine density was lowest
within 10 m of the stream and increased thereafter, to level off at 30 m while spruce
showed the opposite pattern relative to the stream.  Gyug (2000) also observed a
similar spruce-riparian and pine-upland transition.  Spruce tend to dominate on wetter
sites, while lodgepole pine are characteristic of drier sites (Lloyd et al. 1990).  This
transition from spruce to pine may be a good delineator of the riparian zone in
Ecosystem 7 and 16, and possible Ecosystem 23 when lodgepole pine are considered.

As indicated by tree size distribution and site series distribution, environmental
gradients do exist that understory vegetation may also respond to.  Certainly, some
categories of vegetation cover did respond to stream presence, however, the patterns
were variable and often ecosystem dependent.  Pabst and Spies (1998) suggested there
are five major factors shaping vegetation patterns in riparian areas including: moisture
gradients, hydrological disturbance, tolerance of soil saturation, shade tolerance, and
mineral soil disturbance.  These five factors, in addition to biotic (e.g. inter/intra-specific
competition) interactions, are likely influencing vegetation patterns in different ways in
each ecosystem.

Predictably, dead wood categories match the patterns observed for live trees. In
both Ecosystems 7 and 16, low densities of trees were observed near streams
compared to denser stands upslope; not surprisingly, a similar pattern was observed for
all snags and large snags.  CWD volume decreased with increasing distance from the
stream.  Because CWD volume is disproportionately affected by large pieces; the
pattern of more CWD near streams is a reflection of the greater number of large pieces
that are found near streams compared to upslope.  The higher volume of soft CWD
found close to streams may be related to changes in the moisture and humidity
gradient.  Except in extreme conditions (e.g. bogs), decay processes may increase with
higher moisture availability (Bull 1997).  Hastened decay rates may result in higher
volumes of soft CWD near streams.

Management implications
The primary purpose of this study was to determine the extent of the stream

influence on terrestrial habitat attributes.  Based on this study and others (e.g. Gyug
2000), some important patterns seem to be emerging in the three dominant
ecosystems on TFL 49.  Riparian areas in Ecosystem 7 and 16 exhibited consistent and
strong patterns relative to stream presence.  In Ecosystem 7 and 16, riparian areas had
fewer trees but larger trees compared to denser stands upslope.  As shown by tree
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coring, this pattern of larger trees was not due to differences in age but rather
differences in growing conditions near the stream compared to upland habitat.  The
patterns of tree distribution were tracked, not surprisingly, by density of snags, and less
obviously by CWD.  Vegetation patterns were more complex and difficult to interpret,
however, stream proximity appeared to be a factor affecting the distribution of at least
some understory attributes.  Regardless, patterns of distribution of understory and
overstory attributes (trees, snags vs. vegetation layer) suggest the riparian zone is a
continuum rather than an abrupt change.  Therefore, past, present, and future efforts
that maintain structure along streams in these two ecosystems are justified.  Further,
these attributes were often more abundant than in the landbase generally indicating
riparian areas have rare, if not unique ecological properties within the landbase as a
whole.  From an ecological representation perspective, riparian areas may be an
important source of attributes that are difficult to maintain in managed systems such as
large, well-decayed snags and CWD.

In contrast to Ecosystem 7 and 16, few attributes in Ecosystem 23 exhibited
transriparian gradients, and similar levels of attributes were recorded in riparian zones
compared to the overall Ecosystem 23 landbase.  In addition, many estimates of the
habitat attributes were among the highest recorded of any of the ecosystem types.
This suggests Ecosystem 23 may be an important source of habitat heterogeneity at the
landscape-scale, and is generally of high value to wildlife.  So what do these results
mean for riparian management on TFL 49?

This study provides general descriptions of riparian areas in three ecosystem
types on TFL 49.  Establishing baseline conditions for riparian areas is an important first
step in establishing riparian management guidelines on TFL 49.  Ecosystem
management requires that goals be set, tactics established to meet those goals, and
monitoring to determine whether the original objectives have been met (Bunnell 1999);
this is the cornerstone of adaptive management.  Reference conditions are critical to
this process in order to identify the key habitat elements, and their natural ranges of
variability that need to be maintained and managed for in riparian areas of the
Southern Interior.  However, there are a number of ways these attributes can be
maintained.  Consideration must be given to historic natural disturbance regimes in
each ecosystem to provide the template for harvesting practices.

The similarities in Ecosystems 7 and 16 might suggest similar riparian
management guidelines could be applied in both ecosystems.  However, the historic
natural disturbance regimes of these ecosystems suggest otherwise.  Fire is the
dominant natural disturbance regime in both ecosystems but the consequences of fires
in these two ecosystems are different.  Fires in Ecosystem 7 were typically stand-
maintaining fires, consuming CWD, rejuvenating herbs and shrubs, naturally thinning
the understory, while maintaining canopy trees.  In contrast, Ecosystem 16 typically
experienced stand replacing fires of various size resulting in high density, lodgepole
pine stands.  Some riparian areas in both of these ecosystems likely had areas that
acted as refuges from fires and thus did not burn as frequently.  Therefore, based on
these natural disturbance regimes, some basic guidelines can be established for riparian
management zones in each of the ecosystems.  For example, selective harvesting
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strategies appear most amenable to maintaining patterns formerly produced by natural
disturbance regimes in the riparian zones of Ecosystem 7.  Whereas some level of
clearcutting may be warranted along streams in Ecosystem 16.

Riparian areas in Ecosystem 23 also cannot be ignored because no strong
transriparian gradient was recorded.  This study investigated structural patterns of
terrestrial riparian areas at only one spatial scale, that is the site level.  Larger spatial
scales, such as networks of streams and entire watersheds are important to consider in
riparian management.  Ecosystem 23 does not occur in isolation of Ecosystem 7 and 16,
but rather forms the headwaters that supply these ecosystems at lower elevations.
Certainly, any activities that effect stream channel or hydrology characteristics upstream
may have cumulative effects further downstream. Therefore, management guidelines
should be established with this landscape level perspective of riparian networks in mind.

As one caveat of this study, it is unknown whether the current patterns of
structure are representative of patterns that would have existed historically given the
extensive range use on TFL 49, and active fire suppression.  Ecosystem 7 seems likely
to be most effected by these policies.  However, these results are a starting point upon
which riparian management practices can be applied and improved.

KM/dd
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APPENDIX 1
Map of TFL 49
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APPENDIX 1.  MAP OF TFL 49
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Figure A-1.  Map of TFL 49 distribution of riparian sites sampled in 2001 and 2002 in
three ecosystems.
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APPENDIX 2
Summary of Habitat Attributes
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APPENDIX 2.  SUMMARY OF HABITAT ATTRIBUTES

Mean (± 2SE) of structural attributes with increasing distance from the stream in Ecosystems 7, 16, and 23.  Densities
are number/ha, CWD as volume (m3/ha), cover values are averages of percentages.

Ecosystem 7 0 – 10 m 10 – 20 m 20 – 30 m 30 – 40 m
N Mean 2SE Mean 2SE Mean 2SE Mean 2SE

All tree 17 624.71 166.90 857.25 305.24 975.98 295.92 962.94 285.80
Trees ≥ 30 cm DBH 17 130.98 38.11 113.73 44.84 107.75 51.47 92.16 58.16
All snags 17 155.49 70.75 206.96 113.11 256.86 111.59 264.22 113.54
Snags ≥ 30 cm DBH 17 28.82 19.46 11.37 9.32 30.49 24.86 15.49 8.80
Snags 6+ 17 20.10 16.49 13.73 11.61 23.73 19.38 26.96 24.06
all CWD 17 117.44 46.69 104.40 27.04 94.85 29.10 83.70 25.78
CWD ≥ 30 cm DBH 17 55.68 46.22 34.42 23.71 21.83 17.97 24.90 21.13
CWD 6+ 17 36.05 18.17 36.63 15.48 24.51 9.67 26.57 11.59
Canopy cover 17 22.54 7.74 23.66 7.58 25.25 9.00 22.40 9.18
Shrubs > 2 m 17 5.27 3.29 6.31 4.49 5.08 3.45 5.45 3.08
Shrubs 15 cm - 2 m 17 15.94 6.17 16.59 5.60 15.17 8.72 17.04 6.54
Shrubs < 15 cm 17 4.25 2.25 5.98 3.48 8.45 4.53 10.32 4.41
Herbs 17 15.00 7.19 13.11 6.51 13.85 6.70 16.25 6.18
Moss 17 18.64 7.54 18.62 8.29 15.58 7.56 17.25 7.25
Inorganic cover 17 9.80 8.10 7.09 5.14 5.61 3.78 6.22 4.06
Sub-alpine fir density 17 164.41 60.50 169.80 65.99 156.18 62.33 161.57 61.10
Douglas-fir density 17 51.96 14.21 153.63 46.17 209.41 64.71 254.41 77.87
Lodgepole pine density 17 201.27 82.17 516.18 212.12 701.86 262.15 751.96 249.47
Spruce density 17 237.94 62.74 184.80 42.87 123.92 44.50 113.14 42.84
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Ecosystem 16 0 – 10 m 10 – 20 m 20 – 30 m 30 – 40 m
N Mean 2SE Mean 2SE Mean 2SE Mean 2SE

All trees 15 576.67 141.57 914.67 216.83 1010.11 229.68 984.00 197.41
Trees ≥ 30 cm DBH 15 158.22 29.39 104.00 34.70 95.22 42.26 77.78 40.16
All snags 15 203.22 72.85 241.11 69.00 260.44 85.47 274.44 100.94
Snags ≥ 30 cm DBH 15 14.33 12.15 11.67 9.59 6.67 9.09 11.44 11.78
Snags 6+ 15 11.11 10.75 23.33 15.87 13.89 14.33 7.22 7.43
all CWD 15 111.66 39.60 93.94 25.66 91.55 30.98 70.99 24.16
CWD ≥ 30 cm DBH 15 19.75 17.01 12.37 9.76 13.12 11.12 5.71 5.47
CWD 6+ 15 34.88 11.20 30.66 9.50 26.41 8.63 23.13 13.50
Canopy cover 15 14.78 3.97 16.38 3.48 16.14 2.70 16.16 2.53
Shrubs > 2 m 15 8.24 4.05 8.93 5.06 11.24 5.69 13.00 7.01
Shrubs 15 cm - 2 m 15 26.17 5.86 20.23 5.98 17.78 4.49 17.70 4.68
Shrubs < 15 cm 15 3.18 2.30 8.85 4.59 9.86 4.45 11.26 4.83
Herbs 15 30.36 5.12 24.54 5.33 26.67 6.51 29.15 7.26
Moss 15 21.88 6.97 26.14 9.90 27.43 10.01 29.94 9.44
Inorganic cover 15 5.05 3.83 3.31 2.37 1.38 1.13 2.33 1.96
Sub-alpine fir density 15 184.33 61.51 210.00 67.12 281.22 89.00 242.89 81.65
Douglas-fir density 15 11.67 8.75 41.11 29.85 41.67 31.95 50.00 32.01
Lodgepole pine density 15 487.89 98.12 894.22 167.43 1075.00 202.86 1058.67 196.58
Spruce density 15 273.78 93.82 215.44 73.88 124.22 45.12 158.78 55.48
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Ecosystem 23 0 – 10 m 10 – 20 m 20 – 30 m 30 – 40 m
N Mean 2SE Mean 2SE Mean 2SE Mean 2SE

All trees 16 995.31 205.47 1190.10 262.39 1166.15 333.77 1261.46 319.27
Trees ≥ 30 cm DBH 16 107.81 28.11 128.65 36.51 108.85 26.77 131.25 31.31
All snags 16 339.58 182.62 377.60 150.82 379.17 143.61 354.69 158.10
Snags ≥ 30 cm DBH 16 31.77 16.68 19.79 14.66 25.00 13.26 25.00 15.52
Snags 6+ 16 11.98 15.81 7.29 7.43 9.90 15.61 14.06 21.72
all CWD 16 98.00 41.22 88.61 30.87 84.16 20.89 88.21 23.59
CWD ≥ 30 cm DBH 16 25.09 12.86 19.73 11.49 17.93 8.08 22.05 10.78
CWD 6+ 16 27.85 12.37 27.12 9.62 27.14 7.58 23.64 7.01
Canopy cover 16 18.79 2.05 21.06 2.92 21.20 3.29 21.49 3.12
Shrubs > 2 m 16 0.24 0.29 0.07 0.10 0.17 0.25 0.23 0.27
Shrubs 15 cm - 2 m 16 25.34 5.24 22.96 5.56 24.01 6.39 23.34 6.26
Shrubs < 15 cm 16 8.29 2.66 10.70 4.29 11.49 4.46 11.70 4.72
Herbs 16 26.70 5.20 20.08 3.46 18.04 3.25 17.39 4.08
Moss 16 36.24 6.26 31.67 7.00 31.79 7.83 33.17 6.98
Inorganic cover 16 0.73 0.45 0.50 0.41 0.54 0.52 0.45 0.32
Sub-alpine fir density 16 1007.29 207.62 1013.02 201.72 942.71 181.55 964.58 178.93
Douglas-fir density 16 2.08 2.08 0.00 0.00 5.21 2.93 4.69 2.63
Lodgepole pine density 16 264.06 58.01 482.29 170.78 532.29 178.28 545.83 161.60
Spruce density 16 357.81 65.61 423.96 81.56 422.40 80.95 424.48 79.53
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APPENDIX 3
Field Data
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APPENDIX 4
Forest Investment Initiative (FII) Proposal


