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Large wood recruitment and redistribution in
headwater streams in the southern Oregon Coast
Range, U.S.A.1

Christine L. May and Robert E. Gresswell

Abstract: Large wood recruitment and redistribution mechanisms were investigated in a 3.9 km? basin with an old-
growth Pseudotsuga menziesii (Mirb.) Franco and Tsuga heterophylla (Raf.) Sarg. forest, located in the southern Coast
Range of Oregon. Stream size and topographic setting strongly influenced processes that delivered wood to the channel
network. In small colluvial channels draining steep hillslopes, processes associated with slope instability dominated
large wood recruitment. In the larger aluvial channel, windthrow was the dominant recruitment process from the local
riparian area. Consequently, colluvial channels received wood from further upslope than the aluvial channel. Input and
redistribution processes influenced piece location relative to the direction of flow and thus, affected the functional role
of wood. Wood recruited directly from local hillslopes and riparian areas was typicaly positioned adjacent to the chan-
nel or spanned its full width, and trapped sediment and wood in transport. In contrast, wood that had been fluvially re-
distributed was commonly located in mid-channel positions and was associated with scouring of the streambed and
banks. Debris flows were a unique mechanism for creating large accumulations of wood in small streams that lacked
the capacity for abundant fluvial transport of wood, and for transporting wood that was longer than the bank-full width
of the channel.

Résumé : Le recrutement et les mécanismes de redistribution des gros débris ligneux ont été étudiés dans un bassin de
3,9 km? supportant une forét ancienne de Pseudotsuga menziesii (Mirb.) Franco et de Tsuga heterophylla (Raf.) Sarg.
située dans la partie sud de la chaine cétiére de I’ Oregon. La dimension du cours d’'eau et la configuration topogra-
phique ont une influence déterminante sur les processus de distribution des débris ligneux dans le réseau hydrogra-
phique. Dans les petits canaux colluviaux qui drainent les versants abrupts, le recrutement de gros débris ligneux est
dominé par les processus associés a I'instabilité des pentes. Dans les canaux alluviaux plus larges, le processus domi-
nant de recrutement est le chablis dans la zone riveraine locale. Par conséquent, les canaux colluviaux regoivent des
débris ligneux provenant de plus haut sur les pentes que les canaux aluviaux. Les processus d’ apport et de redistribu-
tion influencent la position des morceaux de bois par rapport a la direction de I’ écoulement et affectent par conséquent
la fonction des débris ligneux. Les débris ligneux recrutés directement des pentes et des zones riveraines locales sont
typiquement soit dans une position adjacente, soit s étendent sur la pleine largeur du cours d’eau et retiennent les sédi-
ments et les débris ligneux en mouvement. Par contre, les débris ligneux redistribués par les eaux sont normalement si-
tués au milieu des cours d'eau et associés a |’ affouillement du lit et des berges du cours d’eau. Le transport des débris
ligneux constitue un mécanisme unique pour créer d importantes accumulations de bois dans les petits cours d'eau qui
n'ont pas la capacité de transporter beaucoup de débris ligneux ou des morceaux de bois plus longs que la pleine lar-
geur des berges du cours d’ eau.

[Traduit par la Rédaction]

Introduction shown the important role large wood plays in the structure

and function of mountain streams (Keller and Swanson

The transfer of wood from forests to streams is a mgjor ~ 1979; Harmon et al. 1986; Bisson et al. 1987; Ralph et al.
linkage between terrestrial and aquatic ecosystems — 1994; Bilby and Bisson 1998); however, little is known
(Lienkaemper and Swanson 1987). Previous studies have  about the relative contribution of wood delivered by pro-
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cesses occurring in the local riparian area compared to up-
stream and upslope sources of wood. Additionally, thereis a
scarcity of information on how wood recruitment processes
differ in channels of different size and landscape position.
Previous research on wood recruitment processes (Keller
and Swanson 1979; Murphy and Koski 1989) and the source
distance of wood to stream channels (Murphy and Koski
1989; McDade et al. 1990) have primarily focused on wood
recruited directly from the local riparian area in aluvial
streams. In mountainous terrain of the Pacific Northwest,
landslides on hillslopes and debris flows in small colluvial
channels also have the potential to deliver large quantities of
wood to aluvia rivers (Swanson and Lienkaemper 1978;
Keller and Swanson 1979; May 2002). Quantification of
wood recruitment and redistribution mechanisms, and ways
in which they vary spatially in a basin, may be useful for de-
termining how and where to protect the sources of wood to
streams (Martin and Benda 2001).

In recent years it has become increasingly apparent that to
maintain complex aquatic habitat, guidelines for forest prac-
tices require measures to preserve physical and biological
linkages between streams, riparian zones, and uplands (Inde-
pendent Multidisciplinary Science Team 1999). Upland for-
ests and headwater streams can influence water quantity and
quality, invertebrate and detritus inputs, and physical habitat
characteristics throughout the drainage network. Headwater
streams typically do not directly support fish but they can
have a strong influence on the rate of sediment and wood de-
livered to larger rivers that provide habitat for numerous
aquatic organisms.

The majority of the channel network in mountainous ter-
rain is composed of first- and second-order channels (Shreve
1969) that typically have ephemera or intermittent stream-
flow and store large volumes of wood and colluvia sedi-
ment. Several studies have documented a systematic increase
in large wood abundance with decreasing stream size, along
with a corresponding decrease in the mean size of pieces as
stream size decreases (Keller and Swanson 1979; Bilby and
Ward 1989; McDade et a. 1990). The frequency and resi-
dence time of log jams also tends to increase as drainage
area decreases (Martin and Benda 2001).

Past studies in the Oregon Cascade Range (Swanson et al.
1982) and in central ldaho (Megahan and Nowlin 1976)
have indicated that chronic fluvial processes in first- and
second-order streams transport a relatively small quantity of
sediment and wood. Instead, low-order streams can undergo
long periods of storage of sediment and wood that can be
episodically transported by debris flows (Swanson and
Lienkaemper 1978; May and Gresswell 2003). Because de-
bris flows are a stochastic process, the relative contribution
of debris flow transported wood will have a great deal of
spatial and temporal variability. In 11 third- through fifth-
order streams in the Oregon Coast Range, the contribution of
wood from debris flows ranged from 11 to 57% of the total
volume of wood in the channel for basins that had a broad
range of forest age-classes and land-use history (May 2002).
Because debris flows are primarily a mechanism for redis-
tributing in-stream wood (May 2002) and because wood can
influence the runout of debris flows (Lancaster et al. 2001),
it is important to understand the sources of wood in this por-
tion of the network.
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The goal of this study was to gain insight into the relative
contribution of processes that recruit and redistribute wood
and to understand how these processes vary spatially in aba
sin. Specific research questions included the following:
(i) Do processes that deliver and redistribute wood differ in
small colluvial channels compared with larger aluvial chan-
nels? (ii) Do proximal and distal controls on wood delivery
differ for colluvial and alluvial channels? (iii) How do input
and redistribution processes influence the functional role of
wood in the channel?

This study focused on a contrast between small colluvia
channels and larger aluvia channels because they occupy
vastly different process domains. Process domains are spa-
tialy identifiable areas characterized by distinct suites of
geomorphic processes, and systematic differences in the type
and frequency of disturbance and habitat-forming events
(Montgomery 1999). Colluvial channels are high gradient
and directly drain the steep hillslopes. These channels are
tightly constrained by the adjacent hillslopes and have small
drainage areas (<1 km?). Colluvial channels typicaly have
ephemeral or intermittent streamflow, poorly sorted, angular
to subangular substrates, and an absence of aluvial bed-
forms. Alluvial channels have a low to moderate gradient,
and commonly have perennial streamflow and aluvial bed-
forms. Alluvial channelsin the Oregon Coast Range are typ-
icaly third-order or larger channels, with drainage areas
>1 km? (Montgomery and Foufoula-Georgiou 1993).

Study site

The study was conducted in the North Fork of Cherry
Creek Research Natural Area (Franklin 1972), a 3.9-km? ba-
sin in the southern Oregon Coast Range (Fig. 1). Old-growth
Douglas-fir (Pseudotsuga menzesii (Mirb.) Franco), western
hemlock (Tsuga heterophylla (Raf.) Sarg.), and western
redcedar (Thuja plicata Donn ex D. Don) are present in the
portion of the study basin investigated. The mean age of
Douglas-fir trees is in excess of 300 years, and the mean di-
ameter at breast height (DBH) ranges from 125 to 175 cm
(Franklin 1972). Although tree size varies with site condi-
tions and tree age, atypica old-growth Douglas-fir tree is 50
to 70 m in height (Franklin et al. 1981). The largest identi-
fied Douglas-fir tree in Oregon (294 cm DBH, 87 m height)
was located on the low elevation valley floor of the
mainstem, and tree ring analysis indicated the tree originated
in the 1300s. Human influences upon the area are related to
road construction and clearcut logging operations in the up-
per elevations of the basin (Franklin 1972).

The Oregon Coast Range has a maritime climate charac-
terized by wet and relatively warm winters and dry sum-
mers. Annual precipitation averages 210 cm, coming mostly
as fal and winter rain. The basin is underlain by Tertiary
marine sedimentary rocks of the Tyee Formation and is bor-
dered on the west by the Umpqua Formation (Baldwin
1964). The dominant substrate throughout the channel net-
work is gravel and sand-sized particles. Soilsin the basin are
characterized by deep to moderately deep, steep, gravelly,
and loamy soils that formed in colluvium and residuum de-
rived from sedimentary rock (Soil Conservation Service
1989). The basin ranges in elevation from 207 to 451 m.
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Fig. 1. North Fork of Cherry Creek basin. Dark solid lines represent the study streams, broken lines represent channels with a history
of timber harvest and not investigated. Numerous first-order channels are poorly represented on low-resolution topographic maps and

are not highlighted. Contour interval = 10 m.

400 0

Materials and methods

All colluvial channels investigated were second-order
(Strahler 1964) ephemeral streams that drained steep
hillslopes and were tributaries that directly connected to the
mainstem, alluvial channel. For this study, first-order
streams were delineated on topographic maps where distinct
valleys were evident, and the extent of the network was veri-
fied in the field by the presence of a definable channel and
evidence of fluvial scour. Therefore, first-order streams ex-
tended higher up in the drainage network than in studies that
based stream order on stream lines from U.S. Geological
Survey topographic maps. Our field-based determination of
stream order typically resulted in an increase of one or two
stream orders compared with map-based determinations.

Three, second-order colluvia tributaries and the entire
third-order mainstem of the North Fork of Cherry Creek
were investigated (Fig. 1). Tributary 1 was not surveyed be-
cause al wood in the channel had been removed by a debris
flow that initiated several decades ago in a timber harvest
unit at the channel head. Two tributaries in the upper basin
were not surveyed because they had been harvested for tim-
ber in previous decades.

In the study streams, all downed wood that exceeded
20 cm in mean diameter and 2 m in length, and was in con-
tact with the bank-full channel, was measured. Wood vol-
ume was calculated as a cylinder, using the mean piece
diameter and total length. Volume calculations were not
based on a frustum because the mgjority of pieces were bro-

ken and did not exhibit the taper that would be expected
from an intact bole.

Large wood was categorized by the mechanism that deliv-
ered it to its current position in the channel network. Catego-
ries included (i) direct delivery from local hillslopes and
riparian areas, (i) fluvial redistribution, (iii) debris flow
transported, or (iv) an unidentified source. Specific recruit-
ment processes for wood derived from loca hillslopes and
riparian areas were identified by following the in-stream
wood up the bole to the rooting location of the tree (Ta-
ble 1).

Fluvially redistributed wood was identified by the absence
of alocal growing point of the tree and by the physical trap-
ping of the piece by obstructions in or along the channel,
which apparently resulted from transport to the site from up-
stream. Wood transported by debris flows in the tributaries
was identified by deposit morphology, which included large,
valley spanning debris dams and debris flow fans. Debris
flow deposits were also close to a tributary that had recently
been scoured to bedrock. The contribution of wood from
debris flows may have been overestimated if fluvialy trans-
ported wood had accumulated above the deposit. Further-
more, the original source and recruitment process of wood
could not be identified if it had been redistributed in the
channel.

Identification of wood recruitment and redistribution
mechanisms were categorized during a retrospective investi-
gation and were therefore subject to several forms of ambi-
guity. The wood recruitment category with the greatest
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Table 1. Criteria used to identify large wood recruited from processes in the local hillslopes and riparian areas.

Recruitment process Criteria for classifying

Slope instability

Deposits associated with landslides in hollows and planar sideslopes, streamside landslides, and

inner gorge areas with evidence of accelerated soil creep and surface erosionat the rooting site

Natural mortality
Independent windthrow
Dependent windthrow

Single, uprooted tree

Broken boles of standing dead trees

Numerous uprooted trees in a larger windthrow patch, often located further upslope and knock-

ing down trees growing closer to the channel

Bank erosion
Unknown process

Undercut trees rooted in the channel bank
Bole extended into the local forest; however, no recruitment process could be identified

Table 2. Channel characteristics and large wood abundance in colluvial tributaries and the

mainstem alluvial channel.

Mainstem  Tributary 2  Tributary 3  Tributary 4
Stream order (topographically 3 2 2 2
determined)

Stream order (USGS stream lines) 2 0 0 0

Stream length sampled (m) 2140 490 400 190

Mean channel width (m) 4.8 33 3.6 3.6

Mean valley floor width (m) 16 6 5 6

Mean channel slope (%) 3 19 25 9

Large wood (no./100 m) 34 48 42 37

degree of uncertainty was windthrow. It was assumed that
live trees were uprooted by windthrow, and that natural mor-
tality resulted in fragmentation of a standing dead tree.
Windthrow may also cause trees to fall that have been weak-
ened by competition or other mortality agents (e.g., insects
and disease) that predispose the trees to toppling or breaking
(Harmon et al. 1986; Franklin et al. 1987). Furthermore,
trees rooted in the channel bank could have been delivered
by the combined effects of bank erosion and windthrow
(Lienkaemper and Swanson 1987), but all wood from trees
rooted in the bank was categorized as bank erosion.

Source distance of wood delivered from the local hillslopes
and riparian areas was measured as the total slope distance
from the edge of the bank-full channel at a right angle
upslope to the growing point of the tree (McDade et al.
1990). Pieces from broken trees that were in direct align-
ment were followed to the rooting location. If there was un-
certainty in the sequences of pieces, no source distance was
recorded. Our estimate of the source distance of wood may
be an underestimate because trees recruited from closer to
the stream may have a higher likelihood of being identified
as sources for downed wood than trees growing farther away
from the channel.

The identified rooting location was used to quantify the
source distance. If a single tree delivered multiple pieces of
wood to the channel, al pieces were assigned the same
source distance. The distance an individual tree dlid
downslope from the rooting location was not recorded. Be-
cause the exact rooting location could not be identified on
landslides, the source distance for wood in landslide deposits
was taken from the active channel edge to the headscarp of
the landslide. This measurement may overestimate the actual
source distance of individual trees previously growing on the
landslide.

The location of wood, relative to the flow direction, was
recorded for all pieces in contact with the active channel.
Categories of piece location included pieces adjacent to the
channel bank, mid-channel pieces, pieces that spanned the
full width of the channel, or pieces suspended over the chan-
nel. The dominant geomorphic function of wood was classi-
fied by its interaction with streamflow and sediment. Pieces
were classified as being associated with (i) streambed scour,
(it) stream bank scour, (iii) stream bank armor, (iv) sediment
storage, (v) wood storage, (vi) side channel formation, or
(vii) no discernable geomorphic function. Wood storage in-
cluded the physical trapping of branches and twig accumula-
tions (i.e., small wood) and other pieces of large wood. A
single category that represented the dominant function was
assigned to each piece.

Results

A total of 1205 pieces of large wood were measured in
the channel network (Table 2). Distributions of piece diame-
ter and length were similar in tributaries and the mainstem
(p > 0.1, Kolmogorov—Smirnov, two-sided, two-sample test).
Wood derived from local hillslopes and riparian areas ac-
counted for the majority of pieces (63%) in small colluvial
channels (Table 3). The larger aluvial channel received
wood from a greater variety of sources, including recruit-
ment from local hillslopes and riparian areas (36%), fluvial
redistribution (9%), and debris flow transported wood
(33%). In colluvial tributaries, 36% of the pieces had an un-
identified source; however, these pieces were typically small
and only accounted for 10% of the total volume of wood. In
the aluvial channel 22% of pieces had an unidentified
source, but they were also small and accounted for only 6%
of the total volume of wood. The mgjority of pieces with an
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Table 3. Sources of large wood in the North Fork of Cherry Creek basin.

Wood pieces (%)

Wood volume (%)

Colluvial  Alluvia Colluvia Alluvia Median piece
tributaries mainstem  tributaries mainstem  volume (m®)
Local hillslopes and 63 36 89 74 275
riparian areas
Fluvia redistribution 1 9 1 2 0.25
Debris flow transported — 33 — 18 0.77
Unknown source 36 22 10 6 0.63

Fig. 2. Wood delivered to colluvial (second-order) and alluvial
(third-order) channels from different recruitment processes in the
local hillslopes and riparian areas.
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unidentified source appeared to be broken branches or the
tops of trees that experienced substantial breakage. Wood
that was redistributed by fluvial processes had the smallest
median volume per piece (Table 3). Pieces with an unknown
source and those transported by a debris flow were interme-
diate in size, and pieces recruited directly from the local
hillslopes and riparian area had the largest median volume.
The median volume of wood pieces was significantly differ-
ent among these sources (p < 0.05, Kruskal-Wallis multiple
comparisons test). Because larger pieces of wood were re-
cruited from the local hillslopes and riparian areas, these
sources of wood had a disproportionately large contribution
to the volume of wood in the channel. For example, wood
recruited from the local hillslopes and riparian areas ac-
counted for 36% of wood pieces in the aluvial stream,
which accounted for 74% of the total volume of wood.

Large wood recruitment from the local hillslopes and
riparian areas

Slope instability and windthrow were the dominant mech-
anisms for wood recruitment to small colluvial channels
(Fig. 2). Windthrow was also the dominant recruitment pro-
cess for wood derived from the local hillslopes and riparian
areas along the larger aluvial stream. Field evidence of a
broad range in the state of decay for wood recruited by

Fig. 3. The source distance of large wood (a) pieces and (b) vol-
ume for second-order colluvia tributaries and the third-order
mainstem channel in the North Fork of Cherry Creek basin.
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windthrow suggests that input did not occur in a single cata-
strophic event, but was spread over multiple decades.
Distributions of the source distance of wood pieces were
significantly different between colluvial and alluvial chan-
nels (p < 0.05, Kolmogorov—Smirnov, one-sided, two-sample
test) (Fig. 3a). The source distance of wood was also signifi-
cantly different when comparing wood volume between col-
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Fig. 4. Box-and-whisker plots of the source distance of large wood with different recruitment mechanisms. Lower boundary of box
represents the 25th percentile, mid-line represents the median, and upper boundary of box represents the 75th percentile. Lower whis-
ker represents the 10th percentile, upper whisker represents the 90th percentile, and circles represent outlying points. For windthrow,
median source distance was significantly different in second- and third-order channels (p < 0.05, Kruskal—-Wallis multiple comparisons
test). For bank erosion and slope instability, median source distance was significantly different from all other recruitment processes

(p < 0.05, Kruskal-Wallis multiple comparisons test).
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luvial and alluvial channels owing to the extended tail of the
distribution (p < 0.05, Kolmogorov—Smirnov, one-sided,
two-sample test) (Fig. 3b). In colluvial streams, 80% of
wood pieces and 80% of the total volume of wood origi-
nated from trees rooted within 50 m of the channel. In the
alluvial channel, 80% of the pieces of wood originated from
within 30 m of the channel; however, this accounted for
only 50% of the total volume of wood. Source distance was
poorly correlated with piece length (rg = 0.20, Spearman’s
rank correlation), diameter (rg = 0.23), and piece volume
(rs = 0.26).

Processes associated with slope instability tended to de-
liver wood from further upslope than other processes
(Fig. 4). In both colluvial and alluvial channels, sources of
wood delivered by slope instability extended furthest from
the channel (pooled median source distance = 40 m), fol-
lowed by independent and dependent windthrow (pooled
median source distance = 20 m), and natural mortality
(pooled median source distance = 18 m), and for obvious
reasons bank erosion occurred closest to the channel bank
(pooled median source distance = 2 m). Slope instability and
bank erosion had significantly different median source dis-
tances compared to all other recruitment processes (p < 0.05,
Kruskal—-Wallis multiple comparisons test). Source distances
of wood recruited by natural mortality and independent and
dependent windthrow were similar (p > 0.05, Kruskal—
Wallis multiple comparisons test). There were no significant
differences in the source distance of wood recruitment pro-
cesses among stream orders, excluding windthrow (p > 0.05,
Kruskal-Wallis multiple comparisons test). The median
source distance of wood recruited by independent windthrow
was significantly longer in colluvial channels than in the al-

luvial channel
comparisons test).

(p < 0.05 Kruskal-Wallis multiple

Large wood redistribution

Fluvia redistribution of wood was infrequent in the chan-
nels we investigated (Table 3). In the mainstem aluvia
channel, 38% of al pieces were shorter than the mean bank-
full channel width, and 68% of pieces that were fluvially re-
distributed were shorter than the mean bank-full channel
width. In the colluvial tributaries, 16% of pieces were
shorter than the mean bank-full channel width; however,
only 1% of pieces were moved by fluvial transport. In con-
trast, 55% of debris flow transported wood was longer than
the mean bank-full width of the tributaries.

In the aluvial channel, wood that had been redistributed
by fluvial processes or by debris flows had a patchy spatial
distribution (Fig. 5). A debris flow in Tributary 1 (Fig. 1)
initiated in a timber harvest unit in the 1960s. This debris
flow deposit formed a large valley-spanning accumulation in
the mainstem, and appeared to trap wood transported from
upstream. In contrast, large wood derived from windthrow
was more abundant and more evenly distributed spatially
throughout the stream.

Large wood function

The primary function of wood in small colluvial channels
was sediment storage (40%) and small wood storage (20%);
however, 37% of pieces had no interaction with streamflow
or sediment (Table 4). A broader range of functions was ob-
served in the alluvial channel, and the majority of pieces
were associated with local scour of the streambed (26%) and
stream banks (26%). The size of pieces associated with each

© 2003 NRC Canada
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Fig. 5. Spatial distribution of large wood along the third-order mainstem of the North Fork of Cherry Creek. Arrow indicates the con-

fluence with Tributary 1.
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Table 4. Geomorphic function of large wood in the North Fork Cherry Creek basin.
Colluvial tributaries Alluvial mainstem
Percentage of Mean length Percentage of Mean length
wood pieces of pieces (m)  wood pieces of pieces (m)
Sediment storage 40 9.8 (9.5) 14 8.8 (9.8)
Wood storage 20 11.2 (10.2) 4 14.5 (12.0)
Streambed scour 0 — 26 8.9 (8.7)
Bank scour 3 14.8 (13.4) 26 10.8 (9.9)
Bank armor 0 — 6 7.2 (7.6)
Side channel 0 — 1 134 (5.1)
No discernable function 37 12.7 (9.9) 23 9.5 (9.0

Note: Numbers in parentheses represent 1 standard deviation.

functional category was highly variable, and no consist pat-
tern was observed.

Because of the diversity of recruitment and redistribution
processes in the aluvia channel, it was possible to assess
the influence of different sources of wood on the position of
the wood in the channel. In the aluvia channel, 73% of
pieces that had been redistributed were located in mid-
channel positions (Table 5). Large wood derived from local
hillslopes and riparian areas had a greater variety of posi-
tions, but over 56% of pieces were located adjacent to the
channel bank. Because the source of wood influenced piece
location and size, there was an interaction between wood
source and functional category. Redistributed wood was typ-
ically smaller in size and was associated with local scour of
the stream bed (38%) and stream banks (33%), and amost
all (93%) pieces interacted with streamflow and sediment
(Fig. 6). Wood recruited directly from local hillslopes and ri-
parian areas had a large proportion of pieces with no
discernable interaction with streamflow and sediment (37%),
apparently because pieces were located along the edge of the

Table 5. The position of wood in the mainstem channel for
pieces that were recruited directly from local hillslopes and ri-
parian areas compared with pieces that were redistributed by flu-
vial and debris flow processes.

Loca Redistributed
recruitment wood
Position of pieces (% of pieces) (% of pieces)
Adjacent to channel banks 56 24
Mid-channel 11 73
Spanned full width of channel 20 3
Suspended over channel 13 0

channel. A small number of pieces recruited directly from
the local riparian area were important for storing other
pieces of large wood that had been redistributed fluvialy
(8%) and for side channel formation (3%), processes that
were not associated with redistributed wood.
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Fig. 6. Geomorphic function of large wood in the third-order
mainstem for pieces that were recruited from the local riparian
area in contrast to pieces that were redistributed by fluvial and
debris flow transport.
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Discussion

Large wood recruitment from the local hillslopes and
riparian areas

Stream size and topographic setting strongly influenced
processes that recruited and redistributed wood in the chan-
nel network. Processes of slope instability, which included
landslides on planar hillslopes and in convergent hollows,
streamside landslides, and small inner gorges that had evi-
dence of accelerated toe slope creep were important convey-
ors of wood from upland forests to small colluvial channels.
Windthrow was also an important process for delivering
wood to the channel in tributaries and the mainstem. Input
of wood from bank erosion was minimal in the study
streams, presumably because lateral migration of the channel
was limited by the small size of the streams and their small
contributing drainage areas. Martin and Benda (2001) re-
ported that wood recruitment from windthrow and chronic
mortality was dominant in small drainage basins, however,
wood recruitment from bank erosion increased systemati-
cally with increasing drainage area.

Causes of tree mortality in upland forest stands influenced
the relative contribution of various wood recruitment pro-
cesses in the channel network. Windthrow has been identi-
fied as one of the dominant causes of tree mortality in
forests of the Coast Range and Cascade Mountains of Ore-
gon and Washington (Franklin et a. 1987; Franklin and
DeBell 1988). This is reflected in the high proportion of
wood recruitment by windthrow in both colluvial and allu-
vial channels. However, other sources of mortality that play
aminor role in tree mortality across the landscape were very
important sources of in-stream wood. Landslides typically
impact a relatively small, discrete patch of the forest but
they are efficient conveyors of material downslope to the
channel. Similarly, bank erosion is concentrated along the
channel and can result in an abundance of wood being re-
cruited to the channel but it may account for only a small
portion of tree mortality across the landscape. In larger, lat-
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erally migrating rivers, wood recruitment from bank erosion
may become the dominant source of wood (Lienkaemper
and Swanson 1987; Murphy and Koski 1989). Martin and
Benda (2001) estimated that channel processes (i.e., bank
erosion) exceeded the maximum mortality of the surround-
ing forest stands (including windthrow and natural mortal-
ity) in drainage areas larger than 20 km?.

Model predictions by Van Sickle and Gregory (1990) sug-
gest that wood entering a stream from trees growing close to
the channel should contribute longer and larger pieces than
wood delivered from a greater distance. Our empirical re-
sults suggest the opposite. This discrepancy is likely to have
occurred because Van Sickle and Gregory (1990) did not
consider that smaller trees might be growing closer to the
stream. Past studies have found that forest community com-
position typically varies with distance from the stream
(Pabst and Spies 1999; Nierenberg and Hibbs 2000); there-
fore, the source distance of wood needs to be placed in con-
text with the ways in which tree species and size change
with increasing distance from the channel. A low elevation
floodplain along the aluvia channel was easily accessible
by high flow events, and young aders (<40 years) domi-
nated the near-stream environment. The majority of wood
pieces with source distances <10 m in the aluvia channel
were young hardwoods. Beyond the floodplain and terrace
surfaces, large conifers could be recruited from the upland
forest stands, and this relationship may explain the higher
volume of wood associated with increased source distances.
In contrast, floodplains were absent along colluvial chan-
nels, and riparian areas were more representative of upland
forest stands, and larger conifers were dominant in the near-
stream area.

McDade et al. (1990) is the only other study that empiri-
caly determined the source distance of wood to small
streams in unlogged watersheds. The source distance of
wood for the third-order aluvial channel in our study was
similar (p > 0.1, Kolmogorov—Smirnov, one-sided, two-
sampl e test) to the results of McDade et a. (1990). However,
McDade et a. (1990) found no significant association be-
tween source distance and stream order. Results of our study
indicated that wood recruitment occurred over longer dis-
tances in small colluvial channels (second-order) than in
larger alluvial channels (third-order). This is likely to have
occurred because McDade's study excluded landslide inputs
and therefore much of the wood could have been eliminated
from their sample. If landslide-derived wood were excluded
from our study we would have excluded 52% of the wood in
second-order streams and 10% in third-order streams.

Large wood redistribution

The channels we investigated were small (<5 m wide) rel-
ative to the size of in-stream wood. Thus, fluvial redistribu-
tion of wood was relatively minor in our study streams, and
the spatial distribution was patchy. The spatial distribution of
wood in the channel was mainly determined by the pattern
of local wood recruitment because the transport capacity of
the channel was low. Fluvial transport of wood typically be-
comes greater in larger rivers because mobile pieces are usu-
aly shorter than the bank-full width (Lienkaemper and
Swanson 1987). Small streams commonly lack the capacity
to transport large wood by chronic fluvial processes; there-
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fore, recruitment from the adjacent hillslopes and riparian
areas has a greater influence on the spatial distribution of
wood in the channel (Bilby and Ward 1989; Bilby and
Bisson 1998). In higher-order streams, the distribution of
large wood depends on both local recruitment and upstream
sources (McGarry 1994).

Debris flows in colluvial tributaries can be another impor-
tant source of wood to larger alluvia channels. Colluvial
channels lack the capacity to transport wood by fluvia redis-
tribution, and therefore, small streams often store large vol-
umes of wood that can be episodically transported by debris
flows. Many first- and second-order colluvial channelsin the
Oregon Coast Range are susceptible to episodic scouring by
debris flows because they drain steep, landslide-prone hill-
slopes, and the channels are narrow and high gradient. De-
bris flows deliver sediment, boulders, and wood that can
structure the morphology of the receiving channel and are
often an important influence on the long-term potential for
aquatic habitat development (Everest and Meehan 1981,
Reeves et al. 1995; Benda and Dunne 1997; Hogan €t al.
1998). Wood delivered by landslides and debris flows may
increase in steep V-shaped valleys with high connectivity be-
tween hillsopes and channels and between headwater
streams and larger rivers, and decrease in broad U-shaped
glacial valleys (Martin and Benda 2000).

If past management practices have depleted local sources
of wood to larger aluvial rivers, then the relative contribu-
tion of wood delivered by debris flows in the colluvial tribu-
taries would be expected to increase. For example, if timber
harvest has reduced the recruitment potential of wood from
the local riparian area along alluvial rivers, or if wood was
purposefully removed from the alluvia river channel, the
relative contribution of wood from debris flows would be ex-
pected to increase. Wood delivery by landslides and debris
flows would also be expected to increase if the removal of
forest cover has increased the frequency of mass wasting.
This increase in wood delivery would only be expected if
legacy wood, such as wood from the previous forest stand
that is stored in colluvia channels, was available for trans-
port.

Large wood function

Results of our study indicated that large wood played an
important role in storing sediment and small wood in collu-
vial channels. Similarly, large wood was responsible for the
storage of 49% of the sediment in seven small Idaho water-
sheds (Megahan 1982) and 87% of the sediment in a small
stream reach in New Hampshire (Bilby 1981). Large wood
may be the cornerstone for storing sediment in steep head-
water streams because it provides a physical obstruction to
transport in high-energy environments. In the absence of
wood, small headwater streams may become a chronic
source of sediment to downstream areas. By increasing the
sediment storage capacity of the channel, large wood buffers
the sedimentation impacts on downstream reaches when
pulses of sediment enter headwater streams (Swanson and
Lienkamper 1978). In larger aluvia streams, large wood
had a broader array of geomorphic functions and was partic-
ularly important in pool formation. In both channel types, a
large proportion of wood pieces had no discernable interac-
tion with streamflow and sediment at the time of this study;
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however, these pieces still functioned to increase roughness,
create cover and substrate for aquatic organisms, and were a
source of organic matter.

Landslides and debris flows were capable of forming
large accumulations of wood at locations in the network
where fluvial processes may not be competent to transport
large quantities of wood. In channels that are narrow or have
a small drainage areas, it may not be possible to transport
large wood by flotation during high flows (Swanson and
Lienkaemper 1978; Martin and Benda 2001). Therefore,
landslide and debris flow deposits can provide a unique
structure to the channel by forming extremely large accumu-
lations of wood in small streams.

Management implications

There is a critical need to restore ecological processes in
riparian and unpland forests that produce and deliver large
wood to streams in the Pacific Northwest (Independent
Multidisciplinary Science Team 1999). Upland forests and
headwater streams can influence water quantity and quality,
invertebrate and detritus inputs, sediment retention, and
physical habitat characteristics throughout the drainage net-
work. Because these small streams are so abundant and
tightly coupled with the steep hillslopes, they can form an
important link between hillslope and fluvial processes and
between terrestrial and aguatic ecosystems. A distinct suite
of geomorphic processes characterizes these small colluvial
channels, and patterns of wood recruitment and redistribu-
tion are understandably different than in larger alluvia
streams.

Various mechanisms can deliver wood from areas that are
both proximal and distal to the channel. Source distances of
wood recruited directly from local hillslopes and riparian ar-
eas varied by position in the network because of differences
in recruitment processes, degree of hillslope constriction,
and slope stegpness. Colluvial channels that drain steep
hillslopes are more susceptible to mass wasting and recruited
wood from further upslope than larger aluvial channels. As
wood is scoured from these small streams, replenishment of
similar size wood may not be possible in intensively har-
vested basins that lack streamside buffers. If timber harvest
reduces future recruitment of wood in the interval between
debris flows, subsequent failures could be lacking large
wood. Forest management that relies primarily on recruit-
ment of wood from riparian buffers along the larger fish-
bearing streams may result in much lower levels of wood re-
cruitment than the historic range of conditions (Independent
Multidisciplinary Science Team 1999). A restoration ap-
proach focused on restoring and managing watershed pro-
cesses rather than individual habitat characteristics (Beechie
and Bolton 1999; Ebersole et a. 1997; Kauffman et al.
1997) may be more effective in producing complex stream
channel structure because it provides for a broader array of
processes and linkages between processes.
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