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Relationships of channel characteristics, land
ownership, and land use patterns to large woody
debris in western Oregon streams

Michael G. Wing and Arne Skaugset

Abstract: Regression tree analysis was used to test the relationship of channel and aquatic habitat characteristics from
3793 stream reaches in western Oregon State to the abundance of large woody debris (LWD). Stream reaches were
drawn from diverse ownerships and land uses – land cover types over a broad geographic extent. When all land uses –
land covers were considered, ownership and land use patterns were related to LWD abundance. When nonforested land
uses were excluded, however, these factors became less important. In forested streams, LWD abundance was predicted
primarily by stream gradient and bankfull channel width, with the volume, frequency, and size of LWD pieces decreas-
ing as channel size increased. Within forested lands, stand age and forest distribution were related to LWD size but had
small correlations with LWD volume and abundance. The strong relationship of stream gradient and bankfull channel
width with LWD suggests that in forested areas, the most significant factor related to LWD counts is the geomorphol-
ogy of stream reaches and their surrounding areas. Land managers in western Oregon who want to improve aquatic
habitat quality may want to direct their efforts to increasing LWD in larger streams, which typically include smaller
quantities of LWD.

Résumé : Des arbres de régression nous ont permis de tester la relation entre les caractéristiques du chenal et des
habitats aquatiques et l’abondance des débris ligneux de grande taille (LWD) dans 3793 sections de cours d’eau de
l’ouest de l’Oregon. Les sections de cours d’eau se retrouvent sur diverses sortes de propriétés et représentent une
variété de types d’utilisation des terres et de couvertures végétales sur une large étendue géographique. Lorsque tous
les types d’utilisation des terres et toutes les couvertures végétales sont prises en considération, il existe une relation
entre le type de propriété et l’utilisation des terres, d’une part, et l’abondance des LWD, d’autre part. Cependant, si on
exclut les zones qui n’ont pas de vocation forestière, ces facteurs deviennent moins importants. Dans les cours d’eau
sous couvert forestier, l’abondance des LWD peut être prédite principalement à partir du gradient du cours d’eau et de
la largeur du lit à pleins bords; le volume, la fréquence et la taille des pièces de LWD décroissent à mesure que
s’élargit le chenal. Dans les zones forestières, l’âge et la répartition de la forêt sont en corrélation avec la taille des
LWD, mais leur corrélation avec le volume et l’abondance des LWD est faible. La forte relation entre le gradient du
cours d’eau et la largeur à plein bords du chenal, d’une part, et les LWD, d’autre part, laisse croire qu’en région
forestière, le facteur explicatif le plus significatif de l’importance des LWD est la géomorphologie des sections de
cours d’eau et des zones avoisinantes. Les gestionnaires du territoire désireux d’améliorer la qualité de l’habitat
aquatique dans l’ouest de l’Oregon pourraient envisager d’augmenter la quantité de LWD dans les petits cours d’eau
qui généralement en contiennent peu.

[Traduit par la Rédaction] Wing and Skaugset 807

Introduction

The status of Pacific salmon stocks is uncertain in the Pa-
cific Northwest (Botkin et al. 1995; Nehlsen 1997). Degra-
dation of freshwater habitat is one of the leading causes of
stock declines. Causes of habitat disturbance and reduction
include dams, agriculture, logging, urbanization, grazing,
and mining (Meehan 1991; Botkin et al. 1995). Many policy

efforts suggest maintaining or restoring habitat areas so that
high-quality conditions are present in streams (FEMAT
1993; ODF 1994). The identification of high-quality aquatic
habitat for salmonids is challenging and reflects the complex
life cycles of salmonids (see Groot and Margolis 1991).
Common components in high-quality in-stream habitat in-
clude channel complexity, gravel beds, pools, undercut
banks, riparian vegetation, low water temperature, and large
woody debris (LWD) (Meehan 1991; NRC 1996). Of these
components, LWD may be the most important because it
can influence almost all other components (NRC 1996;
Bilby and Bisson 1998). The contributions of LWD include
reducing the power of streams (Beschta and Platts 1986),
storing sediment in channels (Bilby and Bisson 1998), creat-
ing gravel bars (Abbe and Montgomery 1996), contributing
organic matter (Bisson et al. 1987), and providing improved
winter habitat (Tschaplinski and Hartman 1983).

LWD abundance has also been linked to the status of in-
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stream pools. Pools are relatively deep portions of stream
channels that can provide critical fish rearing habitat during
low-flow conditions (Beschta and Platts 1986). Individual
LWD pieces can dominate the formation of pools (Mont-
gomery et al. 1995, 1996). Pool surface area and volume
generally increase with increasing LWD counts and size
(Bisson et al. 1987; Bilby and Ward 1989), whereas there
are fewer pools and more riffle units in streams with low
LWD abundance (Ralph et al. 1994). When LWD becomes
less abundant, there may be fewer pools and less structural
complexity (House and Boehne 1987). In general, as LWD
decreases in streams, habitat quality and a stream’s capacity
for rearing salmon also decrease (Hicks et al. 1991). Thus,
identifying the processes and landscape patterns that are re-
lated to LWD abundance is critical to understanding high-
quality aquatic habitat.

Many different land uses and disturbances over the past
150 years have affected the amount and types of LWD avail-
able to streams in western Oregon. Activities such as log-
ging, agriculture, grazing, and development have removed
trees from riparian areas and reduced the amount and types
of LWD potentially available to streams (Hicks et al. 1991;
Meehan 1991). As early as the 19th century, large pieces of
wood were removed from streams to maintain navigation
routes and to allow transportation of large wood to down-
stream timber mills. In addition, splash damming was preva-
lent along smaller coastal streams until the early 1900s
(Sedell and Luchessa 1982). Splash damming involved
building dams and storing cut timber upstream of the dams.
After streams filled the dammed area, the dam was broken,
and the resulting rush of water carried the accumulated tim-
ber and other channel-bound wood downstream to be pro-
cessed by mills. Stream cleaning was heavily practiced in
western Oregon between the 1950s and 1970s. During this
period, LWD was perceived as a barrier to anadromous
salmonids on their spawning migration (Bilby and Bisson
1998). Consequently, LWD was actively removed from
streams, thus destabilizing channels and creating large
amounts of sediment that flowed downstream and threatened
fish populations (Bisson et al. 1987).

In the Pacific Northwest, policies have encouraged moni-
toring aquatic habitat to establish baseline conditions for
determining changes in habitat quality. Stream habitat classi-
fication techniques have been developed for estimating habi-
tat quantity and quality (Rosgen 1994), and extensive stream
surveys have been conducted during the past 10 years. De-
spite the extensive number of stream surveys conducted,
there are few published studies examining the influences of
land use and ownership on LWD abundance at broad spatial
scales. Ralph et al. (1994) studied the influence of forest
land management on aquatic habitat characteristics, includ-
ing LWD, for 245 streams in western Washington State but
did not study other land use types. There are, however, no
published results that examine such relationships in Oregon.
To this end, we analyzed an extensive spatial database of
aquatic habitat conditions created for western Oregon using
stream habitat classification techniques and a geographic in-
formation system (GIS) (Wing and Skaugset 1998). We used
this database to identify factors related to LWD abundance
in western Oregon streams. The database provides an un-
precedented opportunity to use stream reach scale data to in-

vestigate LWD abundance over a large geographic area
across multiple ownerships and land uses. Our overall objec-
tives were to identify the database factors most strongly re-
lated to LWD abundance and to determine whether
ownership and land use patterns are related to LWD abun-
dance. We used an exploratory statistical technique called
regression tree analysis to meet our study objectives.

Methods

Stream survey crews collected most of the data used for
this analysis using protocols developed by the Oregon De-
partment of Fish and Wildlife (ODFW) Aquatic Inventory
Project (AIP). Since 1990, the ODFW has led Oregon efforts
to collect aquatic habitat data and has developed a detailed
method for stream habitat surveys (Moore et al. 1998). The
method divides streams into discrete habitat units based on
visual estimates of channel morphology and hydrology. Hab-
itat units are typically no longer than the active channel
width. Habitat features such as LWD, channel characteris-
tics, and riparian vegetation are quantified for each unit by
using both quantitative and qualitative approaches, with hab-
itat unit data aggregated into reaches. Reaches are delineated
by tributary junctions or major changes in stream channels,
surrounding landforms, or vegetation. Following field collec-
tion, unit data are averaged for each reach. One consider-
ation in working with AIP data is that streams are not
selected for surveying through a random draw but through a
number of criteria including developing baseline data for
restoration activities, land owner interest, and to assess per-
ceived alterations to habitat quality. The AIP has only re-
cently (1999) implemented a systematic, statistically based
sampling plan. We transferred all reach data collected be-
tween 1990 and 1996 into a GIS for data storage and analysis.
This transformation allowed us to include geology, stream or-
der, and ownership information in our GIS database (de-
scribed by Wing and Skaugset 1998). The final spatial
database contained data for 3793 reaches from 1370 streams
and represented more than 5600 km of stream length (Fig. 1).

For analysis, we selected three LWD variables as response
variables: LWD volume, the number of LWD pieces, and
number of key LWD pieces. Following the AIP protocol
(Moore et al. 1998), logs at least 0.15 m in diameter and 3 m
in length were used to tabulate LWD volume and number of
LWD pieces, whereas key LWD pieces were logs at least
0.60 m in diameter and 10 m long. Our response variables
were based on average LWD quantities per 100 m of stream
and were the primary LWD variables collected by field crews.
For explanatory variables, we selected 16 measurements de-
scribing stream channel conditions and the land use – land
cover types and ownership of areas surrounding streams (Ta-
ble 1).

To test the relationships of explanatory variables on LWD
abundance, we used a relatively new exploratory statistical
technique known as regression tree analysis (Breiman et al.
1984), a powerful tool for identifying hierarchical structure
in large databases. This technique is flexible in its ability to
handle multiple explanatory variables; it can accommodate
both categorical and continuous variables simultaneously.
Although regression trees are relatively robust with regard to
explanatory variables, continuous response variable distribu-
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tions should approximate normality, and categorical response
variables should be multinomial.

Regression trees are useful for revealing data structures,
facilitating interpretation, and capturing nonadditive behav-
ior (Clark and Pregibon 1993). Tree models are fit by using
binary recursive partitioning that successively splits data into
increasingly homogenous subsets. This process begins with
the distributions of all predictor variables being considered
as possible splits. For each possible split, the sum of squares
of differences between observation response values and their
means is calculated. The split associated with the smallest
sum is selected as the first partition, which divides the re-
sponse observations into two datasets. Each dataset contin-
ues to be partitioned in this manner until a tolerance defined
by the operator is reached. The initial model term is called
the root node. Partitioning of the dataset begins at the root
node and successive partitions are referred to as splits or
nodes with each split ending at a point known as a terminal
node or leaf.

As with other statistical models, regression tree analysis
may over-predict variation by over-fitting data and creating
excessive subgroups or model terms (Rathert et al. 1999).
Several techniques have been developed to assist in the opti-
mal selection of model terms; the goal of these techniques is
to “prune” or reduce the number of terminal nodes of a re-
gression tree. We used a cross-validation technique that ran-
domly divides a dataset into 10 subgroups and uses them to
test the predictive ability of various-sized trees (Breiman et
al. 1984). This method can be very effective in removing
“noisy” variables from a final model (Therneau and
Atkinson 1997) and suggests an optimum tree size. We took
the median value of 10 separate cross-validation tests to as-
sist in the pruning and final model selection.

After pruning a regression tree through cross-validation, it
is helpful to examine the statistical significance of the final
tree in describing variation in the dependent variable. One
method for examining statistical significance is to compare
the explained variance of the final pruned tree to a distribu-
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Fig. 1. Location of surveyed stream reaches in western Oregon, U.S.A.
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tion of explained variances drawn from trees created from
the same dataset but after randomly ordering the dependent
variable (Rejwan et al. 1999). We followed this method by
creating additional 2000 trees for each LWD variable, ran-
domly ordering the dependent variable of each tree, and cal-
culating the explained variance of the trees to create a
variance distribution. We judged statistical analysis by ex-

amining whether the final pruned tree’s explained variance
was in the top 5% of the distribution of explained variances
generated by the 2000 trees. If the final pruned tree’s ex-
plained variance met this benchmark, the tree was judged to
be statistically significant in describing variation in the LWD
abundance.

This method of determining significance is more robust

Name (abbreviation) Description and category abbreviations

Channel constraint (Constraint) Morphology of active channel
Hillslope–bedrock (Hill–Bed)
Terrace (Terr)
Terrace–hillslope (Terr–Hill)
Unconstrained (Uncon)

Geology Lithology of stream channel
Alluvium (Alluv)
Basalt (Basalt)
Cascades (Casc)
Marine sedimentary (MarSed)
Mesozoic sedimentary (MesSed)
Metamorphic (Met)

Land use – land cover Primary land use or land cover beyond the stream’s riparian zone
Forested—split into cover types

Young timber, 15 cm dbh (YngTim)
Second growth, 15–30 cm dbh (SecGrth)
Large timber, 30–50 cm dbh (LgTim)
Mature timber, 50–90 cm dbh (MatTim)
Old growth, 90+ cm dbh (OldGr)
Recent harvest (Harv)

Rural residential (Rural)
Agricultural (Agric)
Grazing (Graz)

Ownership Ownership of land surrounding the stream
Private industrial (PI)
Private nonindustrial (PNI)
Bureau of Land Management (BLM)
State
United States Forest Service (USFS)

Riparian Primary riparian vegetation within one active channel width
Young conifer (YngCon)
Mature conifer (MatCon)
Young deciduous (YngDec)
Mature deciduous (MatDec)
Young mixed (YngMx)
Mature mixed (MatMx)
Grass–shrub (Gr–Shrub)

Bankfull channel width (Width) Width of stream channel
Beaver dams (Beaver) Presence or absence of beaver dams
Culverts (Culvert) Presence or absence of culverts
Debris jams (Debris) Presence or absence of debris jams
Gravel Percent of gravel covering streambed
Large boulders (Boulders) Number of large boulders ≥0.5 m diameter per 100 m channel length
Large conifers Number of riparian conifers ≥90 cm dbh per 300 m of stream length
Mass failures (Failure) Presence or absence of mass failures
Medium conifers Number of riparian conifers ≥50 and <90 cm dbh per 300 m of stream length
Sand, silt, organics (Sand–organics) Percent of sand, silt, organics covering streambed
Stream gradient (Gradient) Percent slope for stream channel

Note: dbh, diameter at breast height.

Table 1. Explanatory variables and abbreviations for the regression tree analysis.
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than that used by standard regression analysis in which only
the mix of variables in the final model are considered. By
not considering all possible variables and their combina-
tions, the standard regression approach can bias P values to-
ward overestimating significance. In contrast, the tree-based
significance test considers all possible combinations and cor-
relations among independent variables in creating the final
pruned tree and for the trees used for benchmark purposes.

We tested the correlations of several different sets of ex-
planatory variables on the three LWD variables. Using the
techniques described above, we created and pruned three
separate regression trees for each of the LWD variables; they
are referred to as Tree 1, Tree 2, and Tree 3. Tree 1 con-
tained all 16 explanatory variables (Table 1), Tree 2 included
all variables except land use – land cover and ownership,
and Tree 3 included all 16 variables but excluded non-
forested land use categories. Because reaches with missing
variables were excluded from analysis, the final tree models
included varying numbers of stream reaches. In addition, by
eliminating nonforested land uses from analysis, the number
of stream reaches analyzed was smaller for Tree 3 than it
was for Tree 1 and Tree 2.

Stream reaches in the database were split among five
ownerships and featured nine land use – land cover types
(Table 2). About 38% of reaches were on land owned by pri-
vate industrial (PI) owners and approximately 21% on land
owned by private nonindustrial (PNI) owners (individual,
family, or noncorporate); the remaining 41% of the reaches
were split among public ownership (Bureau of Land Man-
agement (BLM), state of Oregon, and United States Forest
Service (USFS)). Forested lands were segregated into land
cover types defined by the average size of trees in stands as
follows: second-growth timber (39%), mature timber (13%),
large timber (12%), young timber (10%), recent harvests
(7%), and old-growth timber (2%). Other stream reaches
were in lands dominated by nonforested land uses, including
rural residential (6%), agricultural (5%), and grazing (4%).

Previous studies have found relationships between stream
size and LWD quantities (Frissel 1992; Ralph et al. 1994).
We included two channel characteristics in the set of explan-
atory variables that others (Beschta and Platts 1986; Bilby
and Ward 1989) have associated with stream size: bankfull
channel width and stream gradient. Although we derived
stream order for each stream using a network analysis tech-
nique within a GIS, the derived stream order results tended
to underestimate actual stream order. Consequently, stream
order was not included in the analysis, but stream order was
correlated with bankfull channel width (Table 3).

Geologic age and lithology of stream channels were derived
from broad-scale maps of Oregon geology (Walker and King
1967; Walker and MacLeod 1991). We split our study areas
into six broad geologic types to represent the general lithology
of streambeds and surrounding area. Approximately 47% of the
stream reaches were in a marine sedimentary lithology, 18% in
cascades, 17% in metamorphic, 12% in basalt, 6% in Mesozoic
sedimentary, and less than 1% in alluvium.

Results

The final pruned tree models described 18 to 47% of the
variation in the LWD variables (Table 4). Trends in the

amount of variance explained by each tree model were simi-
lar for all three LWD variables: Tree 1 explained the most
variance and Tree 3 the least. This implies that nonforested
land uses were strongly related to variation in the LWD vari-
ables. In addition, the tree models explained the most vari-
ance for LWD volume and the least for key LWD pieces.
All trees were found to explain a statistically significant
amount of variance (P < 0.001).

The graphical output of regression trees can be substantial
when there are large numbers of splits. For presenting re-
sults, only the seven splits that explained the most variation
will be discussed. Although all trees contained more than
seven splits, the first seven accounted for the majority of ex-
plained variance in all of the final tree models (Table 4). In
Figs. 2, 3, and 4, first split begins under the root node. The
amount of variance explained by each split is contained in
parentheses. In addition, the length of the line or “stem” that
extends between splits is used to represent the proportion of
total variance explained by each split; longer stem lengths
indicate greater importance (Figs. 2, 3, and 4 include an in-
set figure so that variances are more clearly displayed).

LWD volume
The most important predictor for LWD volume in Tree 1

was ownership, with PNI ownerships being split from BLM,
PI, state, and USFS ownerships (Fig. 2a). Stream reaches in
PNI ownerships contained on average 3.1 m3 of LWD vol-
ume, whereas other ownerships averaged 17.4 m3. This re-
sult was not surprising because stream reaches in PNI
ownerships held a disproportionately large percentage of
nonforested lands compared with lands held by the other
ownership categories (Table 2). In Tree 2 (Fig. 2b), with
land use – land cover and ownership information removed
from the analysis, stream gradient was the most important
split: reaches with gradients less than 2.3% averaged 5.8 m3

LWD volume, and higher-gradient stream reaches aver-
aged 17.9 m3. Tree 3 (Fig. 2c) included land use – land
cover and ownership information but excluded nonforested
ownerships (rural residential, agricultural, and grazing) from
analysis. As in Tree 2, stream gradient was the most impor-
tant split for LWD volume; streams with gradients less than
4.7% averaged less than half (11.5 m3) the LWD volume
found in high-gradient reaches.

LWD pieces
Land use – land cover was the most important split for

number of LWD pieces in Tree 1 (Fig. 3a). Nonforested land
uses averaged 2.8 LWD pieces and forested land uses aver-
aged 10 pieces. The primary split for Tree 2 (Fig. 3b) was
gradient, with streams below 2.3% averaging fewer pieces
(4.9) than higher gradient streams (10.7). Bankfull channel
width was the main split for Tree 3 (Fig. 3c), with stream
channels less than 12.2 m wide containing more LWD
pieces (11.1) than larger channels (4.9).

Key LWD pieces
The primary split for key LWD pieces in Tree 1 was land

use – land cover (Fig. 4a), with agricultural, grazing, and rural
residential land uses predictably averaging fewer key LWD
pieces (0.2) than forested land uses (0.7). Stream gradient
was the most important split for Tree 2 (Fig. 4b), with
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reaches less than 4.8% averaging fewer key LWD pieces
(0.4) than high-gradient reaches (0.9). The main split for
Tree 3 (Fig. 4c) was also stream gradient, with reaches less
than 4.9% slope averaging fewer key LWD pieces (0.5) than
high-gradient reaches (0.9).

All LWD variables
In terms of variable importance, both ownership and land

use – land cover were either primary or secondary splits for
Tree 1 for all three LWD variables; gradient was prominent
as a second- and third-level split. For Trees 2 and 3, gradient
was the primary predictor for LWD volume and key LWD

pieces, with bankfull width the primary predictor for number
of LWD pieces. Trees 2 and 3 were similar in that geology,
gradient, and debris jams were second-level splits for both
LWD volume and LWD pieces. For key LWD pieces, stream
gradient and the number of large conifers were second-level
splits in Trees 2 and 3.

The Tree 3 models included geology as a second-, third-,
or fourth-level split four times, with either stream gradient
or bankfull width as the primary split. In three of these
splits, Mesozoic sedimentary and metamorphic geologies,
located in southern Oregon stream reaches, were grouped
and split from basalt, cascade, and marine sedimentary geol-

© 2002 NRC Canada
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Ownership

Land use – land cover PI PNI BLM State USFS Missing Row total (%)

Young timber (15 cm dbh)
N 242 35 54 36 15 8 390
% of row 62 9 14 9 4 2 10
% of column 17 4 7 9 5 7
Second growth (15–30 cm dbh)
N 740 136 332 167 59 49 1483
% of row 50 9 22 11 4 3 39
% of column 51 17 44 44 20 45
Large timber (30–50 cm dbh)
N 139 44 126 68 53 10 440
% of row 32 10 29 16 12 2 12
% of column 10 6 17 18 18 9
Mature timber (50–90 cm dbh)
N 107 49 126 76 105 12 475
% of row 23 10 27 16 22 3 13
% of column 7 6 17 20 35 11
Old growth (90+ cm dbh)
N 8 1 34 4 36 2 85
% of row 9 1 40 5 42 2 2
% of column 1 0 5 1 12 2
Harvest (active harvest or clear cut)
N 141 28 44 18 12 10 253
% of row 56 11 17 7 4 4 7
% of column 10 4 6 5 4 9
Rural residential
N 19 198 14 1 1 9 242
% of row 8 82 6 0 0 4 6
% of column 1 25 2 0 0 8
Agricultural (includes dairy lands)
N 31 150 5 2 3 3 194
% of row 17 78 3 1 2 2 5
% of column 2 19 1 1 1 3
Grazing
N 21 121 4 7 3 1 157
% of row 13 77 3 5 2 0 4
% of column 1 15 1 2 1 1
Missing
N 12 33 10 1 14 4 74
% of row 16 45 14 1 19 5 2
% of column 1 4 1 0 5 4

Column total (%) 1460 795 l749 380 301 108 3793
38 21 20 10 8 3

Note: Abbreviations for ownership categories defined in Table 1. dbh, diameter at breast height.

Table 2. Number and percent of all stream reaches in each of the ownership and land use – land cover categories.
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ogies. In stream reaches in Mesozoic sedimentary and meta-
morphic geologies, the quantity of LWD was roughly half
the amount found in other geologies. The only exception to
this grouping was for LWD volume in larger stream reaches,
where basalt and marine sedimentary geologies were grouped
separately from all other geologies in a fourth-level split and
contained more LWD volume.

Discussion

We found that the geomorphic qualities of stream channels
play a more significant role than ownership or land use – land
cover patterns in describing variation in LWD quantities in
forested areas at the stream reach level of analysis. Within
forested ownerships, stream gradient and bankfull channel
width had the strongest correlation with LWD amounts. Al-
though the amount of explained variance was greater in the
tree models that incorporated all land use – land cover types,
these increases were due to the wide disparity in LWD quan-
tities between forested and nonforested lands. When non-
forested land uses were removed from the analysis, the
primary emphasis was related to the geomorphic characteris-
tics of stream channels and surrounding landforms rather
than to ownership and land use – land cover. This finding
suggests that associating ownership or forested land cover
categories with aquatic habitat quality may ignore other more
dominant effects on LWD presence at the stream reach scale.

Previous research has shown that the quantity of LWD is
strongly related to channel size (Swanson et al. 1982).
Typically, larger channels are more likely than smaller chan-
nels to facilitate downstream movement of larger woody de-
bris and to wash smaller pieces of woody debris out of
channels (Bilby and Bisson 1998). Hence, although LWD
numbers decrease in larger stream channels, LWD volume
and size have generally been found to increase. Our results
from forested lands were consistent with previous research
in terms of LWD frequency (Bilby and Ward 1989).

An unexpected result was that the variables describing
forest age (land use – land cover, riparian vegetation, and
conifer counts) were significant predictors only for key
LWD pieces. Stream gradient or bankfull channel width was
a primary split in Tree 3 for all LWD measures. The primary
split for key LWD pieces was stream gradient, but after gra-
dient, ownership, geology, and land use – land cover were
taken into account, all streams had more key LWD pieces
where large conifers or mature forests were present. These
findings differed somewhat from those of Ralph et al.
(1994), who found that forest age-classes influenced LWD
volume but not frequency, and that bankfull width was not
related to LWD frequency. Our findings were more consis-
tent with those of Bilby and Ward (1991) and Rot (1995).
The differences between our results and those of Ralph et al.
(1994) and previous research relating stream size and LWD
size may involve several factors: the geographic distribution
of stream reaches in this study, the different methods of
gathering LWD data, the contrasting metrics used to quan-
tify stream segment sizes, and the legacy of past manage-
ment practices.

Past timber management practices in the U.S. Pacific
Northwest included the active harvesting of riparian areas,
stream channels being widened as they served as transporta-
tion corridors for timber, and removing fallen LWD from
streams. Others (Bilby and Ward 1991) have noted that tim-
ber harvesting impacts are generally more pronounced in the
years immediately following harvest but can have impacts
that extend over many years, including reduced LWD abun-
dance. Although information regarding historical manage-
ment activities is not available in the AIP database,
influences from past logging activities that affect LWD vari-
able frequencies are without doubt present in stream data
used in this study.

Confined channels with bedrock substrate typically con-
tain about half the number of LWD pieces found in uncon-
fined channels with finer channel composition (Bilby and
Wasserman 1989). In the results for the Tree 3 models, geol-
ogy appeared as a second-, third-, or fourth-level split four
times, with stream gradient or bankfull width as a primary
split. In three of these splits, the quantity of LWD in stream
reaches associated with Mesozoic sedimentary and meta-
morphic geologies was about half the amount measured in
other reaches. One explanation for this finding is that these
geologies were in the southern portion of the study area. The
southern portion of the study area is part of the Klamath
Mountain physiographic province, western Oregon’s oldest
geology, which contains a mix of sedimentary, granitic, and
volcanic rocks (Orr and Orr 1999). These materials may
strengthen channel stability and reduce the input of LWD
that could result from by stream bank cutting and erosion
(Murphy and Koski 1989).

Salmonid populations are typically larger in LWD-rich
streams than in LWD-depleted streams (Reeves et al. 1993;
Bilby and Bisson 1998). Given that LWD presence tends to
be greater in stream reaches in the upper portions of water-
sheds, land managers wishing to increase LWD and foster
high-quality aquatic habitat may want to target efforts to-
ward low-gradient, smaller streams in their jurisdictions.
These efforts might include planning harvest operations in
riparian and upland forest to ensure that larger conifers are
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Stream
order

Mean bankfull
channel width (m)

Number of stream
reaches

1 5.3 1968
2 7.9 1194
3 13.9 511
4 22.9 120

Table 3. Mean bankfull channel widths by stream order.

Tree 1 Tree 2 Tree 3

Pruned regression trees
LWD volume 0.47 0.41 0.33
LWD pieces 0.45 0.41 0.33
Key LWD pieces 0.38 0.30 0.25
First seven splits of pruned regression trees
LWD volume 0.40 0.29 0.24
LWD pieces 0.31 0.26 0.21
Key LWD pieces 0.30 0.25 0.18

Note: LWD, large woody debris.

Table 4. Explained variance for pruned regression trees and first
seven splits of pruned regression trees.
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Fig. 2. Large woody debris (LWD) volume: best seven variable splits for (a) Tree 1, (b) Tree 2, and (c) Tree 3. Tree 1 contained all 16
explanatory variables, Tree 2 included all variables except land use – land cover and ownership, and Tree 3 included all 16 variables but
excluded nonforested land use categories. Variance explained by each split is in parentheses. Root, solid rectangles; split, open circles;
leaf, solid circles.
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available as in-stream LWD recruits. They may also include
more direct methods such as cabling or dragging fallen trees
into the stream during harvest operations. Depending on the
strategies and tree species used to introduce LWD into

streams, active placement of trees into streams can lead to
increased LWD abundance over time (Keim et al. 2000).

Ownership and land use patterns were related to LWD
counts in some of our final pruned models. The relationships
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Fig. 3. Large woody debris (LWD) pieces: best seven variable splits for (a) Tree 1, (b) Tree 2, and (c) Tree 3. Tree 1 contained all 16
explanatory variables, Tree 2 included all variables except land use – land cover and ownership, and Tree 3 included all 16 variables
but excluded nonforested land use categories. Variance explained by each split is in parentheses. Root, solid rectangles; split, open
circles; leaf, solid circles.
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Fig. 4. Key large woody debris (LWD) pieces: best seven variable splits for (a) Tree 1, (b) Tree 2, and (c) Tree 3. Tree 1 contained all 16
explanatory variables, Tree 2 included all variables except land use – land cover and ownership, and Tree 3 included all 16 variables but
excluded nonforested land use categories. Variance explained by each split is in parentheses. Root, solid rectangles; split, open circles;
leaf, solid circles.
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were strongest, however, when nonforested land uses and as-
sociated ownerships were accounted for in the tree models,
representing the disparity between LWD inputs to forested
and nonforested streams. In all ownership splits, BLM, PI,
state, and USFS ownerships did not differ significantly from
one another as predictors of LWD quantities. These results
suggest that ownership patterns in forested land cover types
were not significantly related to LWD quantities at the stream
reach scale. The differences between PNI and all other own-
erships in terms of LWD quantities probably reflect the di-
versity of activities and land management strategies that
occur on PNI lands compared with those on other owner-
ships in this study, which focus primarily on timber produc-
tion or resource conservation.

The results from Tree 3 showed strong patterns of geo-
morphic correlations with LWD abundance. Either stream
gradient or bankfull width was the most important predictor
for LWD abundance. These variables can be considered sur-
rogates for stream size and describe the geomorphic quali-
ties of steam reaches. Geology and debris jams each
appeared at least twice as second- or third-level predictors;
these variables were more strongly related to LWD abun-
dance than any others.

The strong presence of stream gradient, geology, bankfull
width, and debris jams therefore suggests that in forested ar-
eas, the most significant factor related to LWD abundance is
the geomorphology of stream reaches and their surrounding
areas. Geomorphology appears to be more strongly related
than the age-class of surrounding forests. The findings may
be due in part to a reliance on reach-scale averages; LWD
counts were measured at a habitat-unit scale and averaged to
give a broader, reach-scale representation of stream condi-
tions, which may have limited the potential for detecting
LWD differences resulting from ownership and land use –
land cover patterns and other factors (Hicks et al. 1991).
Performing the analysis on finer-scale stream segment data
or on data that has been collected longitudinally may be a
better method for determining factors that are significantly
related to LWD abundance.

In general, we found that ownership and land use – land
cover tended to correlate with LWD counts, but these effects
were greatest when nonforested land uses were incorporated
into the analyses. These results were not surprising; how-
ever, when we focused on LWD presence in forested stream
reaches, we found that the impacts of forest age-classes and
ownership patterns were overshadowed by the geomorphic
characteristics of stream reaches—in particular, by stream
gradient and bankfull width. The strong relationship of these
factors to LWD presence emphasizes the need for research-
ers involved in broad-scale aquatic habitat research to strat-
ify their stream data by channel size (Frissell 1992; Ralph et
al. 1994). Otherwise, insight into other processes related to
LWD presence and other habitat characteristics may be
masked.
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