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Wood in Rivers: A Landscape Perspective
FREDERICK J. SWANSON

USDA Forest Service, Pacific Northwest Research Station
3200 SW Jefferson Way, Corvallis, Oregon 97331, USA

Abstract.—A landscape perspective of wood in world rivers accounts for spatial and tempo-
ral patterns of sources of wood from streamside forests, processes of wood delivery to chan-
nels, transport of wood through river networks, and trapping sites of wood. Amounts of
wood in a river system also depend on productivity of forests in source areas and decompo-
sition rates. Collectively, these factors determine the amount and arrangement of individual
pieces and accumulations of wood through a river network, which, in turn, affect ecological,
geomorphic, social, and other features of rivers. Research to date deals with subsets of these
components of wood in rivers, but there has been limited development of a general frame-
work for wood in river networks. This chapter considers a framework for examining the
arrangement of wood in river landscapes and how it may reflect the history of spatial pat-
terns and timing of wood input and redistribution. Field studies provide examples of differ-
ent spatial patterns and architectures of wood accumulations. Wood accumulations are shaped
by input processes, trapping sites, and transport processes. Reaches in river networks may
switch from wood patterns dominated by one set of controls to another because of gradual
or abrupt input and redistribution. A framework for future studies and management in-
cludes interpretation of these different controls through time and over river networks.

Introduction

The physical dynamics and ecological significance
of large pieces of wood (>1 m long and >0.1 m
diameter) in river systems have strong landscape
properties. "Landscapes" are land surface areas
composed of units or patches of differing geo-
physical and biological properties (Risser et al.
1984; Forman and Godron 1986). Landscape stud-
ies commonly encompass an adequate sample of
landscape units, examine spatial units within the
study area explicitly, and consider time scales suf-
ficiently long to reveal representative patterns in
landscape conditions and change. Patterns and
dynamics of wood in rivers include forest-stream
interactions scaled up from local sites to full wa-
tersheds, effects of the network structure of
streams and riparian zones, and interactions
among input, transport, and accumulation of
wood in different types of river systems. Further-
more, studies can focus on pattern-process rela-
tions of wood itself or on the ecological, environ-
mental hazard, or other consequences of those
pa tterns and processes.

Little work to date explicitly considers land-
scape aspects of wood in rivers, especially the ar-

rangement of wood pieces and accumulations over
widely differing stream sizes and types, although
attention to these topics has grown in recent years.
This paper addresses the current state of knowl-
edge about landscape aspects of wood in rivers,
identifies knowledge gaps, and offers a framework
for further work to benefit science and manage-
ment. The emergence of landscape perspectives
in studies of wood in rivers is reflected in many
chapters in this book.

State of Knowledge

Existing published and unpublished works touch
only lightly on landscape perspectives of wood in
rivers. Many chapters in this book provide a con-
ceptual framework for analysis of sediment and
wood delivery and routing through river net-
works. Most published work on standing crops
of wood in streams has focused on relations to
forest age and management history, and ecologi-
cal effects (see reviews of Harmon et al. 1986;
Bisson et al. 1987; Bilby and Bisson 1998). Exist-
ing work is largely at either a local scale, such as
work in small streams, or adopts a generalized,
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broad perspective, such as compilations of
samples of standing crop measurements over lon-
gitudinal profiles of rivers (such as Harmon et al.
1986; Bilby and Ward 1989). New studies, how-
ever, are taking a much more comprehensive view
than existed a few years ago (Benda and Dunne
1997a, 199Th; Martin and Benda 2001).

In working at any particular scale, such as
the landscape, drawing on information relevant
to system behavior must be considered at the full
range of scales. Integration of knowledge about
wood in rivers from the local site to the full river
network is essential (Frissell et al. 1986; Gregory
et al. 1991) and in even broader geologic-tectonic
(Montgomery 1999) and biogeographic (Harmon
et al. 1986; Montgomery 1999) contexts. Tempo-
ral perspectives, including stochastic aspects of
system behavior, are also integral to understand-
ing system behavior (Reeves et al. 1995; Benda and
Dunne 1997a, 1997b). Geologic context influences
the amount and size distribution of sediment in
rivers and the associated landforms, hence the

geophysical dynamics of the system. Biotic con-
text of the landscape determines forest composi-
tion, structure, productivity, and dynamics of a
landscape. Together, the geologic and biotic com-
ponents determine the amount, size distribution,
and persistence of wood in river systems. In this
discussion, wood dynamics in rivers are consid-
ered at the scales of constrained-unconstrained
stream reaches (sensu Grant and Swanson 1995),
longitudinal river profile (sensu Vannote et al.
1980), and the full river-riparian network in a for-
est landscape.

A general framework—wood in a
landscape perspective
The basic elements of wood movement through
landscapes are the river network, the surround-
ing forests, and the processes that link them (Fig-
ure 1). Forests are dynamic in response to distur-
bance and successional processes. Patterns of
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FIGURE 1 . Stores (boxes) and transfer processes (circles) for routing of wood from forest sources to and through
river systems.
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wood movement follow gravitational flow paths
from forest to stream by wood delivery processes
and then potentially down rivers by fluvial wood
transport processes. Wood is deposited at persis-
tent or ephemeral accumulation sites along riv-
ers, forming "standing stock." Wood in storage is
subject to decomposition, resulting in release of
gases to the atmosphere and dissolved organic
carbon and other constituents that move down-
stream. Physical abrasion of wood produces fine
fragments of organic matter that also move down-
stream, but are no longer in the large wood cat-
egory.

A spatially explicit landscape approach con-
siders landscape structure, including the types
and arrangement of landscape units that affect
wood supply (the forest patchwork) and trans-
port and storage (the stream network); processes
that vary in relation to position in the stream and

riparian network; and concepts related to how
these structures and processes change through
time (Figure 2). The basis for these observations
comes from conceptual, empirical, and modeling
approaches (Keller and Swanson 1979; Gurnell et
al. 2002; Abbe and Montgomery 2003; Benda et
al. 2003, this volume).

The primary landscape structure units in this
analysis are patches of vegetation that serve as
sources of wood and the stream network itself
where material is transported and deposited. Sec-
ondary features of potential significance include
natural landforms, like alluvial fans, and engi-
neered structures, such as roads, channelized
stream reaches, and dams, that may alter the
movement of wood through landscapes. Roads,
for example, can be initiation sites of landslides
that deliver wood to streams, and they may block
passage of wood being transported by debris
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F IGURE 2. Schematic map of (A) forest disturbance history and resulting patchwork showing upland and
riparian forest age-classes and stand-initiating processes; (B) zones influenced by different processes of wood
de livery to channels; (C) zones of wood transport processes in streams; (D) patterns of wood accumulations in
a stream network.
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flows or flotation (Wemple et al. 2001). The source
area of wood for rivers is the adjacent forest land-
scape whose structure reflects the history of ter-
restrial disturbance events, like fire and wind-
storm, and river-based events, such as debris
flows, floods, and lateral channel change (Figure

Processes that control the input and redistri-
bution of wood vary with position in stream net-
works (Keller and Swanson 1979; Montgomery
1999; Martin and Benda 2001; Benda et al. 2003;
Gurnell 2003, this volume). A landscape can be
mapped as zones (or "process domains," in the
language of Montgomery (1999)), in which dif-
ferent wood input and transport processes oper-
ate (Figure 2B and C). Some source areas and de-
livery processes disperse wood through time and
space, such as chronic mortality in streamside for-
ests in response to small-scale gap dynamics and
competitive interactions among trees. Other pro-
cesses deliver batches of wood from discrete
source patches. Source patches and delivery pro-
cesses may persist in locations or be transient,
shifting locations through time. For example,
wood delivery, both dispersed and in batches,
comes from the streamside zone of a tree-height
width where toppling of all or parts of live and
dead trees is an important delivery mechanism
(Figure 2B). Other processes, like landslides and
snow avalanches, have the potential to deliver
wood from areas farther upslope.

Transport processes move wood downstream
through a river system, and different processes
dominate in different parts of the network (Figure

Debris flows, for example, are relegated to small,
steep channels. Flotation, a dominant transport
process in large channels, can move wood in ei-
ther a congested (batches of interacting wood
pieces) or an uncongested (individual pieces) man-
ner (Braudrick and Grant 2000). A potentially large,
but unknown, fraction of wood in rivers leaves the
system via decomposition as CO, or fine particu-
late matter, not as large wood pieces.

Patterns of wood sources and processes of
input and transport also interact with channel and
valley floor features to determine wood accumu-
lation sites, which result from either lack of trans-
port capacity or the presence of trapping struc-
tures (Gurnell et al. 2002; Abbe and Montgomery
2003). Trapping structures may be geomorphic,
biotic, or hydraulic features. Wood can accumu-
late where a channel shallows or narrows, on ob-
structions in channels and along their margins,
or stranded anywhere as flood flows drop.

The standing stock—the amount and ar-
rangement—of wood in a river system is a reflec-
tion of this complex array of both dispersed and
discrete input processes and events that redistrib-
ute wood (Gurnell et al. 2002; Abbe and Mont-
gomery 2003). The standing stock of wood in a
river reach is commonly composed of material that
fell into place from the neighboring forest source
area and other material that was transported into
place by streamflow or other transport processes.
This distinction can be useful in interpreting the
history of processes affecting a site as well as the
architecture of wood assemblages and their asso-
ciated functions, such as pool formation, sediment
trapping, and habitat for terrestrial and aquatic
organisms. Given a certain amount of topographic
and forest landscape control on source-sink rela-
tions, the pattern of standing crop of wood
through a river network may be somewhat pre-
dictable (Figure 2D). An important temporal fac-
tor for interpreting standing crops of wood is the
time since the last input and redistribution events.
Immediately after a flood, for example, deposi-
tion of mobile wood by fluvial processes would
be expected. In the same river reach after a wood
movement event, some wood pieces will fall into
the river and lie where they fell. This material may
be more vulnerable to transport than wood pieces
of the same size and shape that had been trans-
ported and deposited in more persistent deposi-
tional sites, such as lodged against massive boul-
ders, bedrock outcrops, or stable trees.

The following illustrations of some of these
points and conjectures come largely from the rela-
tively well-studied rivers of the Pacific Northwest
of the United States, but the phenomena are dis-
cussed in general terms. These examples reflect
certain biases, such as large quantities of large
pieces of wood and the transport processes char-
acteristic of some montane environments. The
approach of thinking in terms of patterns, pro-
cesses, and controls is integral to landscape per-
spectives, however, and transferable to other geo-
graphic areas.

Landscape aspects of wood sources
The geography of forests as sources of wood to
rivers is defined by the area potentiall y subject to
wood input. Thus the map of wood delive ry 15
the overlap of the forest patchwork map (Figure
2A) and the map of zones influenced by different
modes of potential wood delivery (Figure 213).
Multiple processes, each with characteristic !at'
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FI GURE 3. Schematic distribution of wood input, transport, and output processes in an Oregon Cascade Range

river (adapted from Keller and Swanson 1979). Some processes, such as windthrow, are more significant in
upstream areas, and other processes are more common in downstream areas. "Short" flotation transport refers
to movement of pieces with lengths of 0.5-1.0 bank-full width that can commonly move distances of 10 s to a
few h undred meters, which is the channel length that would include several wood accumulations. "Long"
fl otation transport refers to the potential for such wood pieces to move a kilometer or more as a single, floating
piece.
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eral extent away from the channel, can deliver
wood to any particular stream reach (Figure 2C).
The suite of processes that affect wood distribu-
tion in stream reaches varies down the stream sys-
tem (Keller and Swanson 1979; Figure 3). Of
course, bioregional and physiographic factors also
affect the presence and absence and relative rates
of input, such as snow avalanches and river ice
movement operating in cold regions, and the un-
dercutting of riverbanks, which is more common
along large, low-gradient tropical rivers.

Commonly, riparian vegetation grows in nar-
row, linear patches along streams in response to
the history of floods creating gravel bars on
accreting portions of channel bends or sites of re-
peated disturbance and reestablishment of forests.
Where the width of riparian vegetation patches
is less than the height of adjacent forest, a form of
lateral and vertical stacking of wood sources
sometimes allows two or more types of riparian
and upland forest to serve as wood sources for a
given stream site (Swanson et al. 1990).

Several processes alter the rates of wood de-
livery from streamside forests (Naiman et al. 1993;
Acker et al. 2003). Gradual processes of forest suc-
cession change the species composition,,size dis-
tribution, and amount of wood delivered to
streams. Abrupt disturbance of streamside forest
may result in a pulse of wood input to streams,
such as by wind-toppling of streamside forest,
followed by reduced input while the stand is re-
establishing. Clear-cutting of streamside forest
removes wood sources without delivering a pulse
of wood to the stream. Thus, negative feedback
mechanisms can reduce input of wood to streams
for decades or even centuries until the disturbed
sites reestablish and produce large wood. In ar-
eas where disturbance is more frequent than the
time required for trees to grow to the size-class of
large wood, streamside vegetation may not pro-
duce large wood for long periods.

Landscape aspects of wood transport
and accumulation sites

In many river systems, the significance of differ-
ent processes of wood transport varies substan-
tially through the river network as a result of geo-
graphic variation in size and amount of wood
delivered to the channel and the capacity of the
river system to transport wood. Flotation, for ex-
ample, is constrained by the relations of channel
width to wood-piece length and water depth to

piece diameter—relatively small pieces are more
mobile (Lienkaemper and Swanson 1987; Bilby
and Ward 1989; Braudrick and Grant 2000). There-
fore, based on these perspectives from ecosystems
dominated by conifers, river systems with increas-
ing flow in the downstream direction are expected
to exhibit increased significance of flotation in
lower river reaches. In deciduous forests, how-
ever, tree form is commonly broadly branching,
so fallen deciduous trees with large limbs may be
less susceptible to transport than cylindrical pieces
with the same wood volume, particularly in low-
velocity rivers (for example, Palik et al. 1998).

Debris flows, the rapid, downstream move-
ment of 100 s to 1,000 s of m3 of soil, sediment,
and wood, provide a contrasting example of land-
scape influence on wood dynamics common in
montane river systems. Debris flows flush sedi-
ment and large wood from small, steep, confined
channels (Figure 3b in Swanson et al. 1998) and
deposit it in lower gradient, less confined sites,
such as alluvial fans, floodplains, and fourth-
order and larger channels, or at channel junctions
with abrupt change in flow direction (Benda and
Cundy 1990). The resulting deposits can form
large jams that greatly exceed channel dimensions
or, in the case of delivery to large channels, the
wood may be scattered in smaller accumulations
down the main channel (Johnson et al. 2000).

A 50-year record of debris flows in the Blue
River watershed of the Oregon Cascades provides
examples of several aspects of debris flow influ-
ence on wood distribution across a stream net-
work (Snyder 2000). The documented debris flows
are restricted to first- through third-order chan-
nels and in low elevation parts of the landscape,
which are characterized by steep slopes, slide-
prone soils, and high water input to soils during
rain-on-snow precipitation events (Swanson and
Dyrness 1975; Swanson et al. 1998; Snyder 2000).
The net effect is that a large percentage of the
length of small streams in the debris flow-affected,
lower-elevation half of this study area was flushed
of wood accumulated over the previous 100 years.
The upper-elevation half of the study area, how-
ever, has been much less affected by debris flows
and wood transport.

Debris flows are episodic events in most land-
scapes. For example, most debris flows in the 50-
year record for Blue River were in just two win-
ters. About half of the inventoried events tool(
place in the winter of 1965, and about 30% 01 the
debris flows occurred during one flood in 1996.
Some of the 1996 debris flows rescoured channels
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that had not yet completed reloading with wood
after debris flows in the same channels in the win-
ter of 1965. Presence of forest roads and clear-cut
areas substantially increased the number of de-
bris flows but did not alter the general pattern
(Swanson and Dyrness 1975). Wood abundance
in channels can take more than a century to re-
cover, as indicated by dendrochronologically
documented residence times of large wood in
channels (Swanson et al. 1976; Keller and Tally
1979; Hyatt and Naiman 2001).

Some wood movement from hill slopes to
small streams to large rivers can be viewed as a
sequence of processes, that Nakamura et al. (2000)
term a disturbance cascade. Wood transport be-
gins as debris slides on steep hill slopes, trans-
forming into debris flows down steep, headwa-
ter channels, and potentially traveling to larger
channels where the wood moves by flotation.
Events in the 1996 flood affecting the Blue River
watershed provide examples of this sequence
(Nakamura et al. 2000; Nakamura and Swanson
2003, this volume). In the 1996 flood in Blue River,
only 22 of 39 debris flows delivered wood to
fourth- and fifth-order channels, and the remain-
der stopped in smaller channels (Nakamura et al.
2000). A variety of geomorphic and engineered
features and large, standing trees along the flow
path can interrupt delivery of wood and sediment
to large channels (Wemple et al. 2001). Roads, for
example, were involved in stopping the move-
ment of 28% of the debris flows in the 50-year
record in Blue River (Snyder 2000).

Wood accumulation sites may be distinctive
to the transport process that produced them and
the location in the stream network (Gurnell et al.
2002; Abbe and Montgomery 2003). Development
of effective trapping sites varies among river sys-
tems. For example, simple, straight channel form
may facilitate efficient movement of wood down-
stream, but complex, braided river channels ex-
hibit low wood transport efficiency. Some types
of trapping sites persist for many millennia and
others may be ephemeral, like single large trees.
Wood transported by debris flows tends to accu-
mulate in sites of decreased channel gradient and
increased width—often associated with obstruc-
tions, such as large standing trees or road fills. In
channels wide enough to transport most wood
Pieces present, a variety of channel margin and
secondary channel features retain transported
wood (Nakamura and Swanson 1994; Gurnell et
al. 2002; Abbe and Montgomery 2003; Gurnell
2003) . Along large rivers wood accumulates per-

sistently on the heads of large bars or islands, in
the mouths of secondary channels, along the ri-
parian forest fringe where flow enters the flood-
plain, at the confluence of major rivers where the
flood crest of one river creates a backwater effect
in the mouth of the other, and in other sites of
diminished transport capacity (Gurnell et al. 2000;
Piegay and Gurnell 1997; Abbe and Montgomery
2003). River meandering and channel avulsion
play critical roles in these processes of wood in-
put and redistribution in low-gradient rivers
(Piegay et al. 1999; Piegay 2003, this volume).

Properties of stream networks may influence
the effects of certain processes on wood distribu-
tion. For example, the role of debris flows in de-
livering wood to fourth- and fifth-order channels
and valley floors may be accentuated in networks
that are elongate and have numerous debris flow-
prone tributaries. In such basins, a higher propor-
tion of channel junctions may have the potential
to deliver wood by debris flows than more den-
dritic channel networks. The potential for wood
transport by debris flows through a network de-
pends in part on network properties, such as junc-
tion angles and channel gradient (Benda and
Cundy 1990), and also on valley-floor landforms.
Debris flow deposition of wood jams at the
confluence of second- and fifth-order channels, for
example, may result from landforms, such as al-
luvial fans, rather than the junction angle readily
interpreted from topographic maps (Snyder 2000).

Landscape aspects of standing stock
of wood in rivers

Patterns of the amount and locations of wood in
rivers reflect interactions among input, redistri-
bution, and loss. Spatial patterns of wood in river
systems can be addressed at a series of nested
scales—variation down the longitudinal profile of
a river, variation with respect to position in the
river network, distribution of accumulations in a
river reach, and location of pieces within indi-
vidual accumulations. At the finer scales, wood
characteristics include the degree of aggregation,
the architecture of accumulations, and degree of
burial in sediment.

The River Continuum Concept (Vannote et
al. 1980) provides a useful conceptual framework
for understanding riverine ecosystem structure
and function along a longitudinal gradient from
headwaters to river mouth. Both reduced inputs
and increased transport capacity may be respon-
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sible for observed downstream decreases in stand-
ing crop of wood (Naiman and Sedell 1979;
Harmon et al. 1986; Bilby and Ward 1989). Few
workers, however, have studied both small
streams and large rivers in a single basin with
compatible sampling methods, although Martin
and Benda (2001) offer an interesting step forward
on this issue. The simple, longitudinal depiction
of wood along the river continuum reveals a rela-
tively high standing stock per unit area in head-
water streams in response to high input rates from
the surrounding forest and the limited transport
capacity of the stream.

Arrangement of wood in river networks has
been hypothesized to exhibit increased aggrega-
tion in the downstream direction, based on as-
sumptions about the controls of source area, trans-
port capacity, and distribution of trapping sites
(Swanson et al. 1982; Benda et al. 2003). In head-
water streams, wood tends to lie where it fell from
the adjacent forest because of the limited trans-
port capacity of small streams, except when and
where debris flows can mobilize ldrge volumes
of wood. A clumped pattern is produced by local-
ized sources in sites of limited transport capacity,
such as outside of meander bends undercutting
forested riverbanks, resulting in wood accumu-
lations on the heads of point bars. In large chan-
nels, transport by flotation can accumulate wood
at trapping sites, such as the prows of islands and
mouths of secondary channels (Gurnell et al. 2002;
Abbe and Montgomery 2003).

Various features of wood pieces and their ar-
rangement can be used to distinguish pieces that
have fallen into place from those transported into
place by stream flow (for example, Swanson et al.
1984). The distinction between pieces emplaced by
fluvial transport and those located where they fell
can be useful in interpreting recent processes and
long-term dynamics of wood in stream channels.

The architecture of wood accumulations may
be characterized by the degree of contact among
pieces and their relative orientation (Abbe and
Montgomery 1996, 2003). Trees that have toppled
into a channel typically form open structures with
abundant void space that can serve as habitat for
terrestrial and aquatic species. Wood accumula-
tions formed by fluvial deposition and debris
flows are commonly assemblages of parallel,
tightly packed wood pieces. In some situations,
scour around wood pieces precludes burial in
sediment, but at other times, such as with debris-
flow deposits, wood structures facilitate their own

burial. All these aspects of accumulation form af-
fect function.

A typology of controls on wood
amount and arrangement

Basic questions in the landscape analysis of wood
in rivers are: What is the amount and arrange-
ment of wood in a river system? What controls
these features? How do they vary in time and
space? A general framework, or typology, for ex-
amination of controls on arrangement of wood in
rivers can be used in field and modeling studies
and for planning stream habitat restoration
projects. Such a typology of wood conditions can
be based on distinguishing the relative influence
of critical factors affecting the arrangement of
wood in river reaches. Dominant critical factors
are (1) input may be dispersed or patchy in time,
space, or both; (2) discrete trapping sites may be
strongly or weakly expressed; (3) locations of
source and accumulation sites may be persistent
or transient; and (4) transport distances may be
long or short relative to the spacing of source or
accumulation sites. Examination of forest and
river systems with different wood dynamics pro-
vides examples of cases with different relative
strengths of source areas, transport processes, and
accumulation sites in determining the arrange-
ment of wood in a particular river. Once we have
defined a hypothetical typology of wood dynam-
ics in rivers, it can be tested through field and
modeling studies.

Four major types of controls on wood ar-
rangement are identified:

Discrete-source-area control of pattern.—A r
-rangement of discrete source areas along a

river dominates patterns of wood in the
river where transport distances are much
shorter than the spacing of source areas
(Figure 4a).

Trapping-site control of pattern.—In systems
with effective trapping sites, their arrang e

-ment dominates wood accumulation pat-
terns where transport distances are long
relative to spacing of source areas (Figure
4b, in the case where deposition sites are
determined by presence of trapping sites).

Transport control of pattern.—In river reaches
lacking discrete wood-trapping sites and
where transport distances are long relative
to source-area spacing, wood is randomly
distributed, regardless of the patter n of
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FIGURE 4. Hypothetical patterns of standing crop of wood in a river network when trapping sites are discrete:
(a) transport distance is short relative to spacing of source areas, and (b) h'ansport distance and spacing of
deposition sites are long relative to spacing of source areas.

wood source areas and input processes (Fig-
ure 4b, in the case where deposition sites
are determined by limits on transport un-
related to presence of a trapping site).

Dispersed-source control of pattern.—In areas of
dispersed input and very limited transport
capacity, wood is randomly distributed and
amounts reflect forest stand and decompo-
sition histories.

The history of wood input and redistribution
is an important, additional dimension of controls
on wood amounts and arrangements. Wood con-
ditions in a site strongly reflect the relative and
absolute timing of wood input, redistribution, and
loss. The historical dimension of the arrangement
of wood implies that individual sites may display
different types of controls on wood conditions at
d i fferent times. For example, a protracted period
with dispersed wood input and no redistribution
events may exhibit dispersed-input control. Im-
mediately after a major flood, however, the site
may appear to be an example of either transport
or trapping-site control, depending on the
strength of trapping-site influence. After an ad-

ditional period of dispersed wood input, the site
may exhibit a mixture of patterns produced by
both input and transport. This history of wood
dynamics may be reflected not only in the amount
and arrangement of wood, but also in the distri-
bution of wood-decay classes (Harmon et al. 1986)
with the older, transported pieces in more ad-
vanced stages of decay than many of the recently
input pieces. Clearly, placing the status of wood
in a study reach or network in its historical con-
text is critical.

Examples of types of wood dynamics

Only a handful of field studies have the temporal
and spatial scope to explicitly shed light on the
different types of wood-dynamic systems. A few
field examples give a sense of how patterns of
wood may reveal the hypothesized dynamics in
particular types of systems.

The H. J. Andrews Experimental Forest in the
Cascade Range of Oregon provides examples of
wood dynamics in steep, mountain streams
(Swanson et al. 1998; Snyder 2000; Swanson and
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Jones 2002). Throughout much of the basin, wood
input to small first- through third-order streams,
in the past several centuries, has been dominated
by dispersed tree fall, resulting in large accumu-
lations of wood (Harmon et al. 1986). In parts of
the basin where debris flows move wood, three
types of wood accumulations are observed; (1)
dispersed-source control pattern in channels with-
out debris flows for a century or more containing
wood where it fell; (2) transport control pattern
in barren channels recently flushed by debris
flows; and (3) trapping-site control pattern in
wood jams in low gradient, wide stream reaches
at the ends of debris-flow tracks where wood has
piled up (Swanson et al. 1976; Snyder 2000). Small
channels in parts of the basin without debris flow
influence primarily exhibit the dispersed-source
control pattern.

An apparently cyclical pattern of shifting con-
trols on wood conditions is represented in a se-
ries of maps spanning nearly 20 years showing
wood arrangement in a fifth-order reach of lower
Lookout Creek in the Andrews Experimental For-
est (Nakamura and Swanson 1993; Faustini 2000;
Swanson and Jones 2002). The channel at this site
is about 25 m (82 ft) wide; it has a drainage area
of 62 km 2 (24 mil) and old-growth conifer forests
bordering the channel. A 1978 map (Figure 24 of
Swanson and Jones 2002) shows a channel with
little wood, except in small patches apparently
floated into place during floods in 1964, 1965, and
1972. In the 1980s and early 1990s, several large
trees toppled from the streamside area and addi-
tional wood floated in from upstream, strewing
the channel with a mixture of flood-deposited and
toppled wood. A major flood in 1996 flushed much
of the wood out of this stream reach and formed
small accumulations along the channel margins,
much like those observed in 1978. Thus, this
stream reach may undergo cycles of increased
complexity from input of dispersed wood (dis-
persed-source control of pattern), punctuated by
flushing events and accumulations in trapping
sites (trapping-site control) during floods with
recurrence intervals of about 50 years and more.
Land management activities, including road-
building, wood removal from streams, and forest
cutting, have altered the amount, transport, and
arrangement of wood in parts of this basin
(Swanson et al. 1976; Snyder 2000; Swanson and
Jones 2002).

An example of discrete-source-patch control
on wood dynamics can be found in low-gradient,
alluvial rivers. In a low-gradient coastal plain

river, Palik et al. (1998) and Michener et al. (1998)
found that a major flood toppled 22 trees/km into
Ichawaynochaway Creek, Georgia, but the wood
did not move significantly downstream from the
source area during this or subsequent floods.
Wood input was highest in the more constrained
stream reaches where current velocity was inter-
preted to be the greatest and as having high po-
tential to topple trees. No trees greater than 20 cm
dbh moved more than a few meters. Therefore,
the pattern of wood deposits was controlled by
the pattern of wood source areas because, despite
flooding, transport was so limited.

Gurnell et al. (2000, 2002) presented an ex-
ample of wood distribution dominated by trap-
ping-site control. The Fiume Tagliamento, Italy,
is an unconstrained river bordered by woodlands
serving as the source of wood for the river. Wood
along the river tended to be concentrated in areas
of complex channel pattern, on exposed gravel
bars, and at the heads of islands. Newl y devel-
oped islands had greater amounts of trapped
wood than older, established islands. Exposed
gravel in multiple-thread channels had six times
the wood amount as exposed gravel areas in
single-thread channels. Thus, trapping sites
showed variation in both the stage of island de-
velopment and the context of channel form.

In each of these examples, it is appropriate to
ask if the patterns observed represent long-term
system behavior or are a narrow reflection of the
most recent events. Some systems have stable
properties of wood inputs, and others may be
quite variable, which affects the strength of infer-
ences drawn from a single sampling. Modeling
and long-term field studies are needed to test and
develop a more extensive and rigorous typology
of wood system dynamics at multiple scales and
to explore its usefulness in research and restora-
tion. A greatly expanded set of field examples in
diverse settings with longer records would be in-
structive.

Knowledge Gaps
A landscape perspective of wood in rivers is itself
a major knowledge gap. Most rigorous research
on wood in rivers is accumulating at finer scales
of spatial analysis, but understanding of full
reach- and basin-scales and, especiall y, longer
time scales is quite limited. These limitations form
critical gaps in our knowledge of physical patterns
and dynamics of wood in rivers and responses of
ecological, geomorphic, and h ydrologic processes
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to wood. In particular, current knowledge would
benefit from a framework for developing more
general conceptual models of wood dynamics and
their effects.

Dealing with long-term dynamics of forest
sources of wood and transport capacity of rivers is
particularly challenging. Some changes in wood
sources are progressive (for example, the loss of
wood sources from streamside areas resulting from
some types of land use) and others are abrupt (for
example, loss of forest cover by major floods).
Broad time and space perspectives are needed to
sort out the trajectories of change in these systems
and to reconstruct probable scenarios of past
change. Natural and human-imposed disturbances
in watersheds can affect sources, transport pro-
cesses, and accumulation sites of wood. A whole-
system view is required because interactions
among components of the system and between
natural processes and management practices are
complex. For example, watershed disturbance can
alter peak streamflow and potentially change the
size distribution of wood pieces, thereby affecting
wood transport. Channel modifications, including
simplification by engineering practices, such as
channelization, or, by simply removing large, jam-
forming pieces, alter the wood retention and trans-
port capacities of channels. Urbanization and ag-
riculture over entire watersheds can impose
whole-system change on wood dynamics by com-
pletely eliminating forests or severely limiting the
extent and role of streamside forests. Intensive
plantation forestry may reduce the height of
streamside forests, possibly shifting upstream
zones of wood influence on streams that are deter-
mined by the scale of tree height to stream width.

Understanding of effects of changes in wood
in rivers is beginning to emerge for several com-
ponents of river systems. Some observations sug-
gest that greater pool complexity can permit more
species and age classes of fish to occupy habitats,
which could affect distributions more broadly in
a watershed (Dolloff and Warren 2003, this vol-
ume). The amount of mobile wood in a river net-
work may influence the distribution of riparian
vegetation that colonizes after a flood, such as red
a lder Abuts rubra in Cascade Range streams in
Oregon. Movement of wood in the 1964-1965
floods helped open riparian habitat for alder es-
tablishment, leading to expansion of this impor-
tant nitrogen-fixing species. Geographic patterns
and types of wood movement in third- to fifth-
order channels during the 1996 flood in this area
strongly influenced disturbance patterns of

aquatic and riparian areas in the river network
(Swanson et al. 1998; Johnson et al. 2000; Acker et
al. 2003). The extent and arrangement of wood in
a river system may also affect the cumulative in-
fluence of hyporheic zone processes, which can
affect water temperature and chemistry (Grimm
et al. 1991; Valett et al. 1996; Edwards 1998;
Wondzell and Swanson 1999). Removal of wood
from some river systems has been speculated to
cause channel downcutting and reduction of wa-
ter storage in channel bed and floodplain aqui-
fers, thus potentially reducing flow during dry
summer months and limiting rearing habitat for
certain fish species (Montgomery et al. 2003, this
volume).

A practical gap in knowledge of wood dy-
namics in rivers is how wood structures resulting
from restoration projects or other management
actions differ in form and function from natural
wood structures. Profound differences between
the managed and wild functions of wood in riv-
ers may have long-term ecological and geomor-
phic consequences.

Framework for Further Work
A landscape perspective is fundamental to exam-
ining linkages over broad time and space scales
in both natural and managed systems. Such a
broad perspective is an essential context for study
of the contemporary state of natural and managed
systems. This perspective also provides a basis for
determining how various management actions
individually and collectively may alter the wood
regime of the river system and whether this
change is stepped or gradual. Restoration prac-
tices may be most effective when predicated on
understanding of natural system dynamics.

Developing a framework for future research
and management begins with existing relevant
frameworks. One very useful framework is pre-
sented in this volume (Benda et al. 2003), which
sets forth a mathematical approach to analysis of
wood routing and budgets, including sources,
transport processes, and accumulation sites, and
the temporal dynamics of source forest stands and
wood in river networks. A second relevant frame-
work is the channel-morphology classification
scheme of Montgomery and Buffington (1997,
1998), which emphasizes the interactions of bed
steepness, lateral constraint, sediment supply, and
transport capacity as they affect channel morphol-
ogy at a series of spatial scales within watersheds.

The sediment routing system and channel
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morphology classification considered in the
scheme of Montgomery and Buffington (1997,
1998) and others differs from the wood routing
system in several respects important to develop-
ing a conceptual model of wood dynamics in riv-
ers and resulting patterns of wood. I hypothesize
that wood pieces have much shorter mean trans-
port distances in rivers than inorganic sediment
because of the large size and irregular shapes of
wood pieces and various factors favoring reten-
tion of wood in river systems (for example, burial
and deposition in stable trapping sites). Also, de-
composition of wood is more rapid than the rates
of physical and chemical breakdown of most
forms of inorganic sediment, so most wood leaves
a river system as gas to the atmosphere or in so-
lution, and as fine fragments transported down-
stream, rather than as large wood. Many rivers
are floored with sediment and remain so through
major flow events, which involve extensive turn-
over of the bed. Bedforms may change little
through major transport events. Wood, on the
other hand, generally covers a small fraction of a
channel, and wood-affected channel forms are
much more likely to be profoundly modified by
input and transport events; thus wood configu-
ration is likely to more strongly reflect recent
events than do sediment bedforms. These factors
of limited transport distances and residence time
contribute to the patchy patterns of wood in riv-
ers. Consequently, distributions of source areas,
transport distances, and deposition sites are ex-
pected to have different implications for the ar-
rangement of wood than for inorganic sediment.
The wood routing system is more conducive to a
patch dynamics and a landscape analysis ap-
proach than the physics/continuum thinking ap-
plied to sediment routing and bedforms.

A typology of wood dynamics that affect the
arrangement of wood pieces in channels supple-
ments the wood budget and sediment routing/
bedform conceptual frameworks for rivers. This
typology would consider the dominant controls
on wood patterns by source area, transport, and
deposition sites. Individual types of systems may
cycle between expression of different types of
control. Individual types of wood dynamics
would be characterized in terms of the absolute
and relative amounts of different types of wood
accumulations, perhaps expressed as probability
density functions for amounts of wood, as pro-
posed by Benda and Dunne (1997a, 1997b). This
information could then be used to examine long-
term functions of wood in ecological and other

respects of river reaches and networks of differ-
ent type. This perspective of characterizing the
range and change of conditions maintained un-
der different systems could form a basis for ex-
amining effects of management practices and for
designing restoration projects and other manage-
ment actions.

How can we advance a comprehensive theo-
retical framework for wood dynamics in rivers?
Current trends in research funding and the broad
time and space scales required for this work may
preclude establishing a single, widely accepted,
integrated research effort to analyze wood dy-
namics across a diverse range of river and forest
types. Therefore, a common conceptual frame-
work of wood dynamics within which different
research groups and agencies can accumulate
relevant information would be useful in refin-
ing and testing the framework and advancing
understanding. An important step in under-
standing wood in rivers is integration of the
views of forest and river ecologists, hydrologists,
geomorphologists, and others in a common ana-
lytical framework. Future research and manage-
ment require combinations of retrospective, long-
term monitoring, and modeling approaches to
address a linked set of hypotheses about controls
on wood patterns and dynamics.

Acknowledgments
I thank many colleagues for discussions of wood
in rivers over the years, especially when these dis-
cussions took place in and along streams, includ-
ing, but not limited to, Lee Benda, Gordon Grant,
Stan Gregory, George Lienkaemper, Christine
May, Futoshi Nakamura, and Jim Sedell. Reviews
by Lee Benda, Christine May, Stan Gregory, and
Mark Meleason substantially improved the manu-
script. Julia Jones helped with concept develop-
ment and prepared the schematic figures This
work has been supported in part by National Sci-
ence Foundation grants to the H.J. Andrews Ex-
perimental Forest Long-Term Ecological Research
program.

References
Abbe, T. B., and D. R. Montgomer y. 1996. Large

woody debris jams, channel h ydrauli cs and
habitat formation in large rivers. Regula ted Riv-
ers: Research and Management 12:201-221.

Abbe, T. B., and D. R. Montgomery. 2003. Pattern
and processes of wood debris accumulation In



.r-
Ze

n-
x-
or

3d
ay
!cl,

est

le-

:nt
ite
in-
ng
er-
he
;ts,
Za-
;e-
Zg-

to
ols

WOOD IN RIVERS: A LANDSCAPE PERSPECTIVE
	 311

lis-

ud

ine
ws
ind
nu-
op-
his
Sci-
Ex-
,rch

the Queets River basin, Washington. Geomor-
phology 51:81-107.

Acker, S. A., S. V. Gregory, G. Lienkaemper, W. A.
McKee, F. J. Swanson, and S. D. Miller. 2003.
Composition, complexity, and tree mortality in
riparian forests in the central western Cascades
of Oregon. Forest Ecology and Management
173:293-308.

Benda, L., and T. W. Cundy. 1990. Predicting deposi-
tion of debris flows in mountain channels. Ca-
nadian Geotechnical Journal 27:409-417.

Benda, L., and T. Dunne. 1997a. Stochastic forcing of
sediment supply to channel networks from
landslides and debris flows. Water Resources
Research 33:2849-2863.

Benda, L., and T. Dunne. 19976. Stochastic forcing of
sediment routing and storage in channel net-
works. Water Resources Research 33:2865-2880.

Benda, L., D. Miller, J. Sias, D. Martin, R. Bilby, C.
Veldhuisen, and T. Dunne. 2003. Wood recruit-
ment processes and wood budgeting. Pages 49-
73 in S. V. Gregory, K. L. Boyer, A. M. Gurnell,
editors. The ecology and management of wood
in world rivers. American Fisheries Society,
Symposium 37, Bethesda, Maryland.

Bilby, R. E., and P. A. Bisson. 1998. Function and dis-
tribution of large woody debris. Pages 324-346
in R. J. Naiman and R. E. Bilby, editors. River
ecology and management. Springer-Verlag,
New York.

Bilby, R. E., and J. W. Ward. 1989. Changes in charac-
teristics and function of woody debris with in-
creasing size of streams in western Washington.
Transactions of the American Fisheries Society
118:368-378.

Bisson, P. A., R. E. Bilby, M. D. Bryant, C. A. Dolloff,
G. B. Grette, R. A. House, M. L. Murphy, K. V.
Koski, and J. R. Sedell. 1987. Large woody de-
bris in forested streams of the Pacific Northwest:
past, present, future. Pages 143-190 in E. 0. Salo
and T. W. Cundy, editors. Streamside manage-
ment: forestry and fisheries interactions. Insti-
tute of Forest Resources Contribution 57, Uni-
versity of Washington, Seattle.

Braudrick, C. A., and G. E. Grant. 2000. When do
logs move in rivers? Water Resources Research
36:571-583.

Dolloff, C. A., and M. L. Warren, Jr. 2003. Fish rela-
tionships with large wood in small streams.
Pages 179-193 in S. V. Gregory, K. L. Boyer, and
A. M. Gurnell, editors. The ecology and man-
agement of wood in world rivers. American
Fisheries Society, Symposium 37, Bethesda,
Maryland.

Edwards, R. T. 1998. The hyporheic zone. Pages 399-
429 in R. J. Naiman and R. E. Bilby, editors. River
ecology and management. Springer- Verlag,
New York.

Faustini, J. M. 2000. Stream channel response to peak
flows in a fifth-order mountain watershed. Doc-

toral dissertation. Oregon State University,
Corvallis.

Forman, R. T. T., and M. Godron. 1986. Landscape
ecology. Wiley, New York.

Frissell, C. A., W. J. Liss, C. E. Warren, and M. D.
Hurley. 1986. A hierarchical framework for
stream habitat classification: viewing streams in
a watershed context. Environmental Manage-
ment 10:199-214.

Gregory, S. V., F. J. Swanson, W. A. McKee, and K. W.
Cummins. 1991. An ecosystem perspective of
riparian zones. Bioscience 41:540-551.

Grant, G. E., and F. J. Swanson. 1995. Morphology
and processes of valley floors in mountain
streams, western Cascades, Oregon. Pages 83-
101 in J. E. Costa, A. J. Miller, K. W. Potter, and
P. Wilcock, editors. Natural and anthropogenic
influences in fluvial geomorphology: the
Wolman volume. Geophysical Monograph 89.
American Geophysical Union, Washington, D.C.

Grimm, N. B., H. M. Valett, E. H. Stanley, and S. G.
Fisher. 1991. Contribution of the hyporheic zone
to stability of an arid land stream. Verhandlun-
gen der Internationalen Vereinigung fur Theroe-
stische and Angewandte Limnologie 20:1595-
1599.

Currie'', A. M., G. E. Petts, N. Harris, J. V. Ward, K.
Tockner, P. J. Edwards, and J. Kollmann. 2000.
Large wood retention in river channels: the case
of the Fiume Tagliamento, Italy. Earth Surface
Processes and Landforms 25:255-275.

Gurnell, A. M., H. Piegay, F. J. Swanson, and S. V.
Gregory. 2002. Large wood and fluvial pro-
cesses. Freshwater Biology 47:601-619.

Gurnell, A. M. 2003. Wood storage and mobility. Page
75-91 in S. V. Gregory, K. L. Boyer, and A. M.
Gurnell, editors. The ecology and management
of wood in world rivers. American Fisheries
Society, Symposium 37, Bethesda, Maryland.

Harmon, M. E., J. F. Franklin, F. J. Swanson, P. Sollins,
S. V. Gregory, J. D. Lattin, N. H. Anderson, S. P.
Cline, N. G. Aumen, J. R. Sedell, G. W. Lien-
kaemper, K. Cromack, Jr., and K. W. Cummins.
1986. Ecology of coarse woody debris in temper-
ate ecosystems. Pages 133-302 in A. MacFadyen
and E. D. Ford, editors. Advances in ecological
research. Academic Press, Orlando, Florida.

Hyatt, T. L., and R. J. Naiman. 2001. The residence
time of large woody debris in the Queets River,
Washington, USA. Ecological Applications
11:191-202.

Johnson, S. L., F. J. Swanson, G. E. Grant, and S. M.
Wondzell. 2000. Riparian forest disturbances by
a mountain flood - the influence of floated
wood. Hydrological Processes 14:3031-3050.

Keller, E. A., and F. J. Swanson. 1979. Effects of large
organic material on channel form and fluvial
processes. Earth Surface Processes and Land-
forms 4:361-380.

Keller, E. A., and T. Tally. 1979. Effects of large or-

irge
and
RiV -

erns

n in



312 SWANSON

ganic debris on channel form and fluvial pro-
cesses in the coastal redwood environment.
Pages 169-197 in D. D. Rhodes and G. P. Will-
iams, editors. Adjustments in the fluvial system.
1979 Proceedings of the Tenth Annual Geomor-
phology Symposium. State University of New
York, Binghamton.

Lienkaemper, G. W., and F. J. Swanson. 1987. Dynam-
ics of large woody debris in streams in old-
growth Douglas-fir forests. Canadian Journal of
Forest Research 17:150-156.

Martin, D. J., and L. E. Benda. 2001. Patterns of in-
stream wood recruitment and transport at the
watershed scale. Transactions of the American
Fisheries Society 130:940-958.

Michener, W. K., E. R. Blood, J. B. Box, C. A. Couch,
S. W. Golladay, D. J. Hippe, R. J. Mitchell, and
B. J. Palik. 1998. Tropical storm flooding of a
coastal plain landscape. BioScience 48:696-705.

Montgomery, D. R. 1999. Process domains and the
river continuum. Journal of the American Wa-
ter Resources Association 35:397-410.

Montgomery, D. R., and J. M. Buffington. 1997. Chan-
nel-reach morphology in mountain drainage
basins. Geological Society of America Bulletin
109:596-611.

Montgomery, D. R., and J. M. Buffington. 1998. Chan-
nel processes, classification, and response. Pages
13-42 in R. J. Naiman and R. E. Bilby, editors.
River ecology and management. Springer->Verlag, New York.

Montgomery, D. R., B. D. Collins, J. M. Buffington,
and T. B. Abbe. 2003. Geomorphic effects of
wood in rivers. Pages 21-47 in S. V. Gregory, K.
L. Boyer, and A. M. Gurnell, editors. The ecol-
ogy and management of wood in world rivers.
American Fisheries Society, Symposium 37,
Bethesda, Maryland.

Naiman, R. J., H. Decamps, M. Pollock. 1993. The
role of riparian corridors in maintaining re-
gional biodiversity. Ecological Applications
3:209-212.

Naiman, R. J., and J. R. Sedell. 1979. Benthic organic
matter as a function of stream order in Oregon.
Archives of Hydrobiology 87:404-422.

Nakamura, F., and F. J. Swanson. 1993. Effects of
coarse woody debris on morphology and sedi-
ment storage of a mountain stream systems in
western Oregon. Earth Surface Processes and
Landforms 18:43-61.

Nakamura, F., and F. J. Swanson. 1994. Distribution
of coarse woody debris in a mountain stream,
western Cascade Range, Oregon. Canadian
Journal of Forest Research 24:2395-2403.

Nakamura, F., F. J. Swanson, and S. M. Wondzell.
2000. Disturbance regimes of stream and ripar-
ian systems-a disturbance-cascade perspective.
Hydrological Processes 14:2849-2860.

Nakamura, F., and F. J. Swanson. 2003. Dynamics of
wood in rivers in the context of ecological dis-

turbance. Pages 279-297 in S. V. Gregory, K. L.
Boyer, and A. M. Gurnell, editors. The ecology
and management of wood in world rivers.
American Fisheries Society, Symposium 37,
Bethesda, Maryland.

Palik, B., S. W. Golladay, P. C. Goebel, and B. W. Tay-
lor. 1998. Geomorphic variation in riparian tree
mortality and stream coarse woody debris re-
cruitment from record flooding in a coastal plain
stream. Ecoscience 5:551-560.

Piegay, H., and A. M. Gurnell. 1997. Large woody
debris and river geomorphological pattern: ex-
amples from S. E. France and S. England. Geo-
morphology 19:99-116.

Piegay, H., A. Thevenet, and A. Citterio. 1999. Input,
storage and distribution of large woody debris
along a mountain river continuum, the Drome
River, France. Catena 35:19-39.

Piegay, H. 2003. Dynamics of wood in large rivers.
Pages 109-133 in S. V. Gregory, K. L. Boyer, and
A. M. Gumell, editors. The ecology and manage-
ment of wood in world rivers. American Fisher-
ies Society, Symposium 37, Bethesda, Maryland.

Reeves, G. H., L. E. Benda, K. M. Burnett, P. A. Bisson,
and J. R. Sedell. 1995. A disturbance-based eco-
system approach to maintaining and restoring
freshwater habitats of evolutionarily significant
units of anadromous salmonids in the Pacific
Northwest. Pages 334-349 in J. L. Nielsen, edi-
tor. Evolution and the aquatic ecosystem: de-
fining unique units in population conservation.
American Fisheries Society, Symposium 17,
Bethesda, Maryland.

Risser, P. G., J. R. Karr, and R. T. T. Forman. 1984.
Landscape ecology: directions and approaches.
Illinois Natural History Survey, Special Publi-
cation 2, Champaign.

Snyder, K. U. 2000. Debris flows and flood distur-
bance in small, mountain watersheds. Master's
thesis. Oregon State University, Corvallis.

Swanson, F. J., and C. T. Dyrness. 1975. Impact of
clear-cutting and road construction on soil ero-
sion by landslides in the western Cascade
Range, Oregon. Geology 3:393-396.

Swanson, F. J., M. D. Bryant, G. W. Lienkaemper, and
J. R. Sedell. 1984. Organic debris in small
streams, Prince of Wales Island, southeast
Alaska. U.S. Department of Agriculture, Forest
Service, Pacific Northwest Forest and Range
Experiment Station, General Technical Report
PNW-166, Portland, Oregon.

Swanson, F. J., J. F. Franklin, and J. R. Sedell. 1990.
Landscape patterns, disturbance, and manage-
ment in the Pacific Northwest. Pages 191-213
in I. S. Zonneveld and R. T. T. Forman, editors.
Trends in landscape ecology. Springer-Verlag,
New York.

Swanson, F. J., S. V. Gregory, J. R. Sedell, and A. G.
Campbell. 1982. Land-water interactions: the n-
parian zone. Pages 267-291 in R. L. Edmonds,



313WOOD IN RIVERS: A LANDSCAPE PERSPECTIVE

editor. Analysis of coniferous forest ecosystems
in the western United States. US/International
Biological Programme Synthesis Series 14.
Hutchinson Ross Publishing Co., Stroudsburg,
Pennsylvania.

Swanson, F. J., S. L. Johnson, G. E. Grant, and S. M.
Wondzell. 1998. Flood disturbance in a forested
mountain landscape. BioScience 48:681-689.

Swanson, F. J., and J. A. Jones. 2002. Geomorphol-
ogy and hydrology of the H. J. Andrews Experi-
mental Forest, Blue River, Oregon. Pages 289-
314 in G. W. Moore, editor. Field guide to
geologic processes in Cascadia. Oregon Depart-
ment of Geology and Mineral Industries, Spe-
cial Paper 36, Portland, Oregon.

Swanson, F. J., G. W. Lienkaemper, and J. R. Sedell.
1976. History, physical effects, and management
implications of large organic debris in western
Oregon streams. U.S. Department of Agricul-

ture, Forest Service, Pacific Northwest Forest
and Range Experiment Station, General Tech-
nical Report PNW-56, Portland, Oregon.

Valett, H. M., J. A. Morrice, C. N. Dahm, and M. E.
Campana. 1996. Parent lithology, surface-
groundwater exchange, and nitrate retention in
head water steams. Limnology and Oceanog-
raphy 41:333-345.

Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R.
Sedell, and C. E. Cushing. 1980. The river con-
tinuum concept. Canadian Journal of Fisheries
and Aquatic Sciences 37:130-137.

Wemple, B. C., F. J. Swanson, and J. A. Jones. 2001.
Forest roads and geomorphic process interac-
tions, Cascade Range, Oregon. Earth Surface
Processes and Landforms 26:191-204.

Wondzell, S. M., and F. J. Swanson. 1999. Floods,
channel change, and the hyporheic zone. Water
Resources Research 35:555-567.

L.
;y
-5.
.7,

y-
•ee
re-
sin

dy
ex-

ifis
me

ers.
Ind
tge-
Zer-
[rid.
;on,
?CO-

ring
:ant
cific
edi-
de-

Lion.
t 17,

.984.
:hes.
ubli-

stur-
,ter's

iCt of
1 ero-
.cade

r, and
;mall
heast
--orest
Zange
report

1990.
knage"
11-213
iitors.
Terlag,

, A. G.
the ri-

aonds,



The Ecology and Management of
Wood in World Rivers

Edited by

Stan V. Gregory

Department of Fisheries and Wildlife, Oregon State University
Corvallis, Oregon 97337, USA

Kathryn L. Boyer

USDA Natural Resources Codservation Service
Wildlife Habitat Management Institute, Department of Fisheries and Wildlife

Oregon State University, Corvallis, Oregon 97331, USA

Angela M. Gurnell

Department of Geography, King's College London
Strand, London WC2R 2LS, UK

American Fisheries Society Symposium 37

International Conterence on Wood in World Rivers
held at Oregon State University, Corvallis, Oregon

23-27 October 2000

American Fi s heries Society
Bethesda, Maryland

2003



The American Fisheries Society Symposium series is a registered serial. Suggested citation
formats follow.

Entire book
Gregory, S. V., K. L. Boyer, and A. NI. Gurnell, editors. 2003. The ecology and management of

wood in world rivers. American Fisheries Society, Symposium 37, Bethesda, Maryland.

Chapter within the book
Abbe, T. B., A. P. Brooks, and D. R. Montgomery. 2003. Wood in river rehabilitation and man-

agement. Pages 367-389 in S. V. Gregory, K. L. Boyer, and A. M. Gurnell, editors. The
ecology and management of wood in world rivers. American Fisheries Society, Sympo-
sium 37, Bethesda, Maryland.

© Copyright 2003 by the American Fisheries Society

All rights reserved. Photocopying for internal or personal use, or for the internal or personal
use of specific clients, is permitted by AFS provided that the appropriate fee is paid directly
to Copyright Clearance Center (CCC), 222 Rosewood Drive, Danvers, Massachusetts 01923,
USA; phone 978-750-8400. Request authorization to make multiple copies for classroom use
from CCC. These permissions do not extend to electronic distribution or long-term storage of
articles or to cop ying for resale, promotion, advertising, general distribution, or creation of
new collective works. For such uses, permission or license must be obtained from AFS.

Printed in the United States of America on acid-free paper.

Library of Congress Control Number 2003112769
ISBN 1-888569-56-5

ISSN 0892-2284

American Fisheries Society website address: www.fisheries.org

American Fisheries SocietN.,
5410 Grosvenor Lane. Suite 110
Bethesda, Mary land 20814-219°

1,5c;,A.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

