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Factors affecting distribution of wood, detritus,
and sediment in headwater streams draining
managed young-growth red alder - conifer forests
in southeast Alaska

Takashi Gomi, Adelaide C. Johnson, Robert L. Deal, Paul E. Hennon,
Ewa H. Orlikowska, and Mark S. Wipfli

Abstract: Factors (riparian stand condition, management regimes, and channel properties) affecting distributions of
wood, detritus (leaves and branches), and sediment were examined in headwater streams draining young-growth red
alder (Alnus rubra Bong.) - conifer riparian forests (40 years old) in southeast Alaska. More riparian red alder were
found along streams affected by both timber harvesting and mass movement than in streams affected by timber harvest-
ing alone. Young-growth stands produced little large wood material (diameter >10 cm) and had little effect on altering
the size distribution of functional large wood in channels, although more alder wood pieces were found in streams with
greater numbers of riparian alder trees. Legacy wood pieces (>40 years old) remained in channels and provided sites
for sediment and organic matter storage. Despite various alder-conifer mixtures and past harvesting effects, the abun-
dance of large wood, fine wood, and detritus accumulations significantly decreased with increasing channel bank-full
width (0.5-3.5 m) along relatively short channel distances (up to 700 m). Changes in wood, detritus, and sediment ac-
cumulations together with changes in riparian stand characteristics create spatial and temporal variability of in-channel
conditions in headwater systems. A component of alder within young-growth riparian forests may benefit both wood
production and biological recovery in disturbed headwater stream channels.

Resume: Les facteurs (etat du peuplement riverain, regimes damenagement et proprietes du chenal) qui affectent la
distribution du bois, des detritus (feuilles et branches) et des sediments ont ete examines dans les cours d'eau de tete
drainant de jeunes forets riveraines d'aulne rouge (Alnus rubra Bong.) et de coniferes, «40 ans) dans lc sud-est de
I'Alaska. Plus d'aulnes rouges riverains ont ete observes le long des ruisseaux affectes par la recolte du bois et les
mouvements de masse que pres des cours d'eau affectes seulement par la recolte du bois. Les jeunes peuplements
produisaient peu de gros debris ligneux (diametre ~10 em) et avaient peu d'effet sur la modification de la distribution
des dimensions du gros bois fonctionnel dans les chenaux, quoique plus de pieces de bois daulne aient ete trouvees
dans les cours d'eau ayant un plus grand nombre d'aulnes riverains. Les pieces de bois remanentes (>40 ans) sont
demeurees dans Ies chenaux et ont constitue des sites de stockage pour les sediments et la matiere organique. En depit
des melanges varies d'aulne et de coniferes et des effets des recoltes anterieures, I'abondance des accumulations de
gros bois, de petits bois et de debris diminuait significativement avec I'augmentation de la largeur de pleins bords du
chenal (0,5 @ 3,5 m) sur des distances relativement courtes de ce dernier (jusqu'a 700 m). Les variations dans les
accumulations de bois, de detritus et de sediments cornbinees aux variations dans les caracteristiques des peuplements
riverains creent une variabilite spatiale et temporelle des conditions dans les cours d'eau de tete. Une certaine propor-
tion d'aulne dans les jeunes forets riveraines peut etre benefique pour la production de bois et la restauration biolo-
gique dans les chenaux perturbes des cours d'eau de tete.
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Table 1. Characteristics of streams and riparian zones of the study sites.

No. of 25 m  Mean channel =~ Mean bank-full ~ Total BA (live and BA of riparian  BA of dead
reaches gradient (%) width (m) dead) (m*ha™") red alder (%) trees (m”-ha™!)
Upland reach
Big Spruce 4 16.3 0.89 111 31.5 7.6
Broken Bridge East 7 10.7 224 534 47.3 39
.Broken Bridge West 7 22.5 1.47 573 38.7 2.6
Brushy 3 15.5 1.11 623 53.3 32
Cotton 5 272 3.40 70.5 432 1.6
Gomi 6 26.1 1.04 525 25.0 : 0.5
Mile 22 5 18.3 1.19 53.8 29.2 1.8
Cedar 1 7 19.3 1.60 56.4 35.6 1.9
Cedar 2 5 18.8 1.97 65.6 3.8 1.5
Creature 7 18.9 1.06 47.9 9.9 0.2
Good Example 6 13.6 0.93 48.5 L5 1.1
Lost Bob 7 19.5 0.68 41.0 0.0 0.1
Morning 6 14.5 1.07 52.5 3.9 1.3
Lowland reach
Broken Bridge East 7 =~4.0 2.45 68.5 49.3 2.4
Cotton 7 79 4.30 61.6 14.1 0.8
Creature 7 =5.0 1.06 42.0 49.8 35
Cedar 1 4 3.6 1.60 60.9 187 3.3
Cedar 2 7 2.7 3.22 52.5 66.8 8.9
Good Example 7 2.3 136 59.3 11.3 2.4

Note: Disturbance owing to logging activities includes yarding and landing. Disturbances owing to mass movement include landslides and debris flows.
(Swanston and Marion 1991; Johnson et al. 2000; Gomi et al. 2004). Channel gradients in the lower reaches of Broken Bridge and Creature were

stand structures and compositions. BA, basal area.

Introduction

Various geomorphic, hydrologic, and biological factors
of channels and riparian zones affect distributions and ac-
cumulations of wood, detritus (leaves and branches), and
sediment in headwater streams. Mass movements alter re-
distributions and accumulations of wood pieces from head-
waters to downstream reaches (Johnson et al. 2000; May
and Gresswell 2003; Gomi et al. 2004). Channel width rel-
ative to the length of wood relates to transport capacity of
wood pieces: thus, channel width controls distributions and
accumulations of wood (Keller and Swanson 1979; Vannote
et al. 1980; Bilby and Ward 1989; Jackson and Sturm
2002). Timber harvesting and riparian management prac-
tices modify recruitment of both large and fine wood pieces
(Andrus et al. 1988; Ralph et al. 1994; Gomi et al. 2001).
Stand density and species composition of riparian stands
modify the types, sizes, and amounts of wood pieces in
channels (Hedman et al. 1996; Rot et al. 2000; Benda et al.
2002).

A wider range of red alder (4/nus rubra Bong.) and coni-
fer mixtures is often observed in headwater riparian zones in
the managed young-growth forest of the Pacific Northwest
(Alaback and Sidle 1986; Harrington et al. 1994). Corridors
of pure red alder or mixed red alder - conifer stands estab-
lish naturally in riparian zones where physical disturbances
(floods and mass movements) have exposed or deposited
mineral soil (Gregory et al. 1991; Johnson and Edwards
2002; Wipfli et al. 2003). Heavy soil disturbance from trac-
tor logging, high-lead cable operations, and construction of
roads and landings also creates favorable conditions for re-

generating red alder in young-growth forests (Harrington et
al. 1994; Deal et al. 2004).

Stand age and tree species composition of riparian forests
potentially affect distributions and accumulations of wood
and organic matter in channels. Red alder has rapid juvenile
growth (Harrington et al. 1994) and higher initial tree den-
sity and mortality than conifer stands (Minore and Weatherly
1994; Hibbs and Giordano 1996). Therefore, riparian red al-
der stands initially provide more wood pieces than riparian
conifer stands because of this rapid juvenile growth and
dead wood production (Grette 1985; Andrus et al. 1988;
Beechie et al. 2000). However, alder wood pieces are small
(Grette 1985) and decompose and fragment quickly (Harmon
et al. 1986; Cederholm et al. 1997; Bilby et al. 1999). As a
result, persistence and in-stream functions of alder wood
pieces may differ from those of conifers. Wood pieces func-
tioning for sediment storage in channels potentially vary de-
pending on the mixture of alder-conifer in the riparian stands
(Gomi et al. 2001; May and Gresswell 2003). Because alder
riparian stands produce more leaves and branches, accumu-
lation of detritus (leaves and branches) may also differ in
streams with different riparian stand composition (Vannote
et al. 1980; Bilby 1981; Sidle 1984; Gregory et al. 1991;
Volk et al. 2003). Riparian stand conditions, in-channel top-
ographic properties, and the history of management and dis-
turbance need to be considered to understand the factors
controlling the distribution and accumulation of wood, detri-
tus, and sediment in headwater streams (Gomi et al. 2002;
Moore and Richardson 2003; Richardson et al. 2005).

The objectives of this study were to (i) contrast the amount
and spatial distribution of wood pieces in channels over a
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Mean DBH (cm) of stand (=10 cm)

Mean DBH (cm) of stand (3—-10 c¢m)

Live Live red  Dead Dead red Live Live red  Dead Dead red

conifer  alder conifer alder conifer  alder conifer  alder Types and year of soil disturbance
20.6 24.3 15.9 13.2 6.8 83 5.8 5.2 Logging and mass movement (1961)
233 20.0 — 13.5 5.6 7.1 3.7 5.8 Logging and mass movement (1961)
21.2 19.7 e 10.2 5.7 8.3 4.6 5.4 Logging and mass movement (1961)
27.5 222 o 10.7 6.3 — 4.3 6.5 Logging and mass movement (1961)
20.7 25.6 — 14.5 6.0 7.0 5.0 5.5 Logging and mass movement (1961, 1979)
20.7 21.1 — - 5.7 8.7 4.0 5.2 Logging and mass movement (1961)
221 253 21.2 11.7 6.6 — 4.0 5.9 Logging and mass movement (1961)
17.8 18.6 10.3 10.9 6.1 8.9 4.9 6.0 Logging

19.6 22.5 — — 6.0 6.3 5.5 — Logging

21.1 16.5 — — 5.7 6.6 5.7 4.2 Logging

16.1 22.5 127 — 5.8 7.5 4.1 — Logging

17.4 — — — 5.8 — 4.1 — Logging

194 13.1 e - — 6.5 6.5 4.6 34 Logging

27.8 22.3 — 12.3 S e 6.7 - 72 Logging and mass movement (1961)
23.9 25.6 12.3 17.1 5.5 34 4.4 7.3 Logging and mass movement (1961, 1979)
23.6 15.4 19.8 12.8 5.9 6.7 6.4 5.1 Logging and mass movement (1961)
17.0 18.9 — — 6.2 6.0 4.6 4.6 Logging

18.7 16.4 12.0 — 5.4 7.0 3.5 5.2 Logging

19.9 14.4 16.2 — 6.4 72 5.1 6.8 Logging

Types and year (in parentheses) of soil disturbances were estimated using aerial photographs, landslide inventory (Helmers 1961--1985), and field observations
estimated using GIS topography maps. Numerical variables are expressed as means. Also see Orlikowska et al. (2004) for detailed descriptions of riparian

wide range of riparian alder-conifer mixtures in headwater
streams with young-growth riparian forest, (i) evaluate the
distribution and accumulation of sediment and detritus that
may relate to composition of alder and conifer mixture, and
(iii) identify factors affecting distribution of wood, detritus,
and sediment along headwater channels. Finally, we con-
struct a conceptual model for factors associated with riparian
stand dynamics and physical condition of streams along head-
water systems of managed young-growth forests.

Study sites

This study was conducted in the Maybeso Experimental
Forest and adjacent Harris River watershed in the Tongass
National Forest on Prince of Wales Island in southeast
Alaska (Fig. 1). Climate in this area is maritime, cool and
moist, with a mean temperature of 10 DC(minimum -10 DC,
maximum 25 DC). Mean annual precipitation ranges from
2500 to 3000 mm of which approximately 70% falls be-
tween October and April as a result of Pacific frontal systems
(Meehan et al. 1969). These basins are U-shaped deglaciated
valleys composed primarily of greywacke with interbedded
basalt flows and pyroclastic rocks and include conglomerate,
sedimentary breccia, chert, shale, and sandstone (Eberlein et
al. 1983). Bedrock is covered by a varying thickness.of gla-
cial till formed during the late Wisconsinan glacial advance.
Soil depth plus the thin veneer of glacial till ranges from
0.30 to 1.0 m. Forest vegetation is dominated by western
hemlock (Tsuga heterophylla (Raf.) Sarg.), Sitka spruce
(Picea sitchensis (Bong.) Carr.), and western redcedar
(Thuja plicata Donn ex D. Don). Red alder is common

where soils have been disturbed by mass movements and
timber harvesting. Commercial timber harvesting occurred
from 1953 until 1957 in the Maybeso Valley and from 1959
to 1961 in the Harris River basin (Meehan et al. 1969). No
resident fish were found in the upper reaches (channel gradi-
ent generally >10%) of the headwater streams, whereas both
resident trout and juvenile salmonids were found in the lower
reaches (channel gradient typically <10%) (Bryant et al. 2004).
Thirteen perennial study streams within young-growth ri-
parian forests were selected to provide a range of alder-
conifer mixtures based on total basal area (Table 1). All
streams were affected by timber harvesting in the 1950s and
1960s. Ten of these streams originated from midslope posi-
tions, whereas three streams (Cotton, East Broken Bridge,
and Mile 22) originated in alpine areas. Mass movements af-
fected eight of our study streams in 1961 and 1979 (Table 1)
(Swanston and Marion 1991; Johnson and Edwards 2002).
In these channels, sediment and wood, transported as
channelized debris flows, deposited in lower reaches and did
not reach the main channel of Maybeso Creek, which is typ-
ical of deglaciated, U-shaped valleys (Fig. 2) (Swanston and
Marion 1991; Johnson et al. 2000; Gomi et al. 2001). Domi-
nant reach types of upstream channels were step-pool, cas-
cade, and bedrock, whereas pool-riffle and step-pool reaches
were dominant in downstream channels (Gomi et al. 2003).
Incision of the headwater valley varied from 1 to 10 m.

Methods

Channel reaches 125-325 m long in 13 headwater streams
were chosen to assess relationships among the amount of red
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Fig. 1. Study site locations. Twelve study streams were located in the Maybeso Experimental Forest, while one study stream (Mile 22)
was in the Harris River basin. Broken lines on the map indicate boundaries between upland and lowland reaches of the stream survey.
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alder in riparian zones, stream gradient, bank-full width, and
wetted width. The wetted and bank-full widths of streams
were estimated every 5 m. Bank-full width was defined by
the presence of moss and rooted vegetation along the chan-
nel margins and the top of banks. Channel gradient was
measured using a clinometer. Evidence of mass movement
and timber harvesting activities (including location of land-
ings associated with cable yarding operations) around stream
channels was documented using aerial photographs taken in
1958, 1962, 1980, 1991, and 1994 and with a mass-
movement inventory (A.E. Helmers, USDA Forest Service,
Pacific Northwest Research Station, Forestry Sciences Labo-
ratory, Juneau, Alaska, unpublished).

The influence of mass movement on the distribution and
accumulation of wood pieces was investigated in two reach
types, upland (slopes >10%) and lowland (slopes <10%), in
five streams (Fig. 2) (Johnson and Edwards 2002; Orlikowska
et al. 2004). Upland reaches were located in steep side slopes
of U-shaped valleys, whereas lowland reaches included tran-
sitions from side slopes to alluvial fans and floodplains
within U-shaped valleys (Gomi et al. 2004). Upland reaches
were typically scour and runout zones of mass movement,
while lowland reaches were deposition zones (Fig. 2). Wood,
detritus, and sediment accumulation were quantified in both
upper and lowland reaches.

Tree species composition, stand basal area, stand density,
tree size distribution, and number of dead trees were mea-
sured in the riparian plots along the 13 study streams (in-
cluding upper and lower reaches). Live and dead trees in the
riparian plots were classified into two categories: 0.1 m di-
ameter at breast height (DBH (1.3 m) and 0.03-0.1 m DBH.
Alongside each stream, seven pairs of S m x 15 m plots (one

Cotton Broken Bridge 0 1km
West :
Gomi Broken Bridge e
ast
Creature
Lost Bob

Good
Example

Good
Morning

Big Spruce

Brushy

pair on both left and right banks) spaced evenly at 50 m in-
tervals along a headwater channel were established within a
300 m stream reach (Fig. 2). Detailed description of riparian
vegetation sampling is given in Orlikowska et al. (2004).

Size and number of wood pieces, accumulation of detritus
(leaves and branches), and volume of sediment stored behind
wood pieces and other channel obstructions were measured
in 25 m stream subreaches within successive 50 m channel
reaches along headwater channels (Fig. 2). Woody debris
was classified into one of two categories: (i large wood
(LW), pieces >0.5 m in length and >0.1 m in diameter, or
(i) fine wood (FW), pieces >0.5 m in length and 0.03-0.1 m
in diameter. In-channel, bank-full, and total lengths, diame-
ter, and position were measured for LW. In-channel length
was measured for the entire length of LW pieces located
within the wetted channel width. Bank-full length of LW
was defined as either a portion or the entire length of LW
pieces within bank-full width. Total length of LW included
the terrestrial portions (Ralph et al. 1994; Beechie and
Sibley 1997). Diameter at the middle of each wood piece
was also recorded. Volume (m?) of a LW piece (V) was esti-
mated for the in-channel, bank-full, and total volume com-
ponents by

[1] V = (D/2)’L

where D and L are the mid-log diameters and appropriate
lengths, respectively (Gomi et al. 2001). All LW pieces were
classified as functional (interacting directly with streams as
base now), transitional (not directly interacting with streams
but suspended just above streams and decomposed enough to
interact with streams in the near future), and nonfunctional
(no interaction with streams and (or) suspended above bank-
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Fig. 2. The left side is a schematic view of headwater streams (modified from Gomi et al. 2001). The right side is a schematic illus-
tration of the location of in-channel and riparian zone inventories along streams.

Scour and runout of
landslide and (or) debris flow

U

Lowland reach

Sediment deposition due to
landslide and (or) debris flow and log- jams

full channels). LW pieces were divided into three types based
on species and the period of recruitment: (i) young-growth
red alder, (i) legacy, and (i) young-growth conifer. These
groups were based on field inspection of texture, bark, cut
edges, and decay in woody debris. Legacy wood entered
from old-growth stands before and during logging in the
1950s. Thus, LW pieces that grew before the logging and
were left during logging were also considered legacy pieces.
Legacy LW was determined from decay conditions (Harmon
et al. 1986; Wallace et al. 2001) and cut edge of pieces. If
pieces of conifer wood were recruited after timber harvest-
ing, they were classified as young-growth conifer LW. We
could only detect recently recruited alder wood (<10 years
old) because alder wood quickly decomposes and fragments
(Harmon et al. 1986; Cederholm et al. 1997). FW pieces
were surveyed for channel position and number of pieces.
Volume of fine organic matter accumulation (detritus), such
as accumulations of leaves, small branches, and fine logging
slash, was estimated as small (<0.01 m?3), medium (0.01-
0.1 m%), and large (<0. m3). We considered accumulations
of leaves and small branches as detritus accumulations be-
cause leaves and small branches are the major portion of ac-
cumulated detritus within channels (Casas 1997).

Sediment storage volumes (Vgq) behind wood and the
other in-channel obstructions (e.g., boulders and bedrock)
were estimated by taking measurements of width (W), length
(Len)> and average depth (Dgy) of the sediment wedge (Gomi
et al. 2001):

300 m upland

300 m lowland

Wood, detritus,
and sediment
survey

reach

Riparian

vegetation
rea'lch plot (5 m x
v Streamflow = °™

[2] Vsec = 1/3(Wsec L’sed Dsed)

The approximation of a pyramid-shaped wedge appeared
to be appropriate, since the upstream end of stored sediment
typically converges to a point in these small channels. Aver-
age depth of the sediment wedge was measured using a sedi-
ment probe (metal pin) at three points. We pounded the
sediment probe into the streambed until hitting bedrock (hard
and solid layer) and assumed that measured depth of the sed-
iment wedge was suitable for estimating volume. Cause of sed-
iment deposition was categorized by the formation elements
of the debris dam: LW, FW, detritus accumulation, boulders,
or bedrock (pocket or bench of bedrock).

Correlations among variables such as physical characteris-
tics of streams (channel gradient and bank-full width), num-
ber and volume of LW pieces, number of FW pieces, and
volume of stored sediment were calculated in each stream.
Correlation analysis was performed separately for data from
upper and lower stream reaches. All variables for performing
correlation analysis were log,(x+ 1) transformed. Because
the distributions of diameter and length classes were highly
skewed, the Kruskal-Wallis rank sum test was used to com-
pare the size of woody debris among alder, legacy, and coni-
fer pieces. Throughout this study, statistical significance was
considered at an alpha of 0.05. All statistical analyses were
performed using S-Plus (Venables and Ripley 1997).

Selected study channel sites, consisting of perennial streams
having a range of alder-conifer mixtures, were not random
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Table 2. Characteristics of wood, detritus, and sediment accumulations.

Volume of large wood (m*m™ x107%)

No. of wood pieces (m™)

BA of riparian Large No. of detritus
red alder (%) In-channel  Bank-full Outside wood Fine wood  accumulations (m2)
Upland reach
Big Spruce 31.5 3.0 9.8 19.0 0.52 1.27 0.71
Broken Bridge East 473 0.2 1.3 2.4 0.13 0.16 0.06
Broken Bridge West  38.7 0.4 1.9 1.7 0.16 0.21 0.27
Shrubby - 53.3 4.1 14.5 5.1 0.48 133 0.57
Cotton 432 4.4 9.5 2.3 0.40 0.34 0.02
Gomi 25.0 42 L3 1.8 0.69 1.25 0.22
22 Mile 29.2 44 3.7 12.8 0.61 2.62 0.60
Cedar 1 35.6 1.2 12.6 6.1 0.80 1.02 - 0.15
Cedar 2 38 0.7 15.8 0.0 0.57 1.37 0.18
Creature 9.9 22 2.8 10.8 0.25 0.42 0.08
Good Example 1.5 2.7 3.0 8.0 0.66 1.99 0.42
Lost Bob 0.0 3.0 74 9.8 0.99 2.05 0.50
Good Morning 3.9 1.0 9.2 8.7 0.67 1.13 0.67
Lowland reach
Broken Bridge East 493 1.8 1.0 1.2 0.19 0.17 0.09
Cotton 14.1 1.1 3.1 1.8 0.34 0.35 0.02
Creature 49.8 43 1.5 1.9 0.48 0.74 0.08
Cedar 1 15.7 4.4 6.7 9.9 0.41 1.31 0.20
Cedar 2 66.8 0.6 1.9 1.6 0.12 0.47 0.04
Good Example 11.3 24 1.6 2.3 0.45 1.13 0.18

Note: Wood pieces classified as large wood, which were pieces >0.5 m in length and 0.1 m in diameter, and fine wood, which were pieces >0.5 m in
branches) were estimated as small (<0.01 m®), medium (0.01-0.1 m®), and large (>0.1 m®). Volumes of large wood pieces were estimated for the following
channel width; bank-full, volume of large wood located within the bank-full width (absence of vegetation); outside, volume of the terrestrial portion of
wood pieces and the other in-channel obstructions were classified in the following way: large wood, large wood formed sediment storage; fine wood, fine by
boulders and bedrock formed sediment storage. Legacy wood were wood pieces of old-growth forest that were recruited during and at the time of logging

owing to the limited number of streams in the experimental
watershed. We assume that ranges of alder-conifer mixtures
of riparian stands in our study represented most of the streams
in managed young-growth forests of southeast Alaska. To
further support our approach and inferences, we note that the
landscape from which the streams were selected has basi-
cally the same lithology, soils, climate, hydrological pro-
cesses, natural vegetation, and geomorphic processes (i.e.,
glaciation and deposition of till). This should minimize any
confounding effect of the selection bias.

Results

Characteristics of streams and riparian stands

Upland reaches (125-325 m long) had bank-full widths
ranging from 0.7 to 4.3 m and mean stream gradients of
10.7%-27.2% (Table 1). Lowland channel reaches (175-
325 m long) had mean bank-full widths of 1.1-4.3 m and
mean stream gradients of 2.3%-7.9%.

Among our upland sites, mean percentage of red alder
stand basal area was relatively greater in streams impacted
by mass movement compared with those without mass move-
ment (Table 1). More red alder was generally found in low-
land reaches (mean = 34.5%) compared with upland reaches
(mean = 24.8%) (Table 1). Total riparian stand basal area of
both red alder and conifers ranged from 41 to 78 m*ha’
and composition ranged from 0% to 67% alder (Table 2).

The amount of red alder was positively correlated with bank-
full width (r = 0.46, p = 0.05).

Mean tree DBH of live riparian conifers (>10 cm DBH)
ranged from 16.0 to 27.8 cm, while mean tree DBH of live
alders (>0 cm DBH) varied from 14.0 to 25.0 cm (Table 1).
Relatively large DBH of live conifer trees were found in
streams having greater percentages of alder composition. The
basal area of dead snags ranged from 0.1 to 8.9 m’-ha'l.
Mean diameters of dead alders (>10 cm DBH) ranged from
10.2 to 17.8 cm; those of dead conifer trees varied from 10.3
to 21.2 cm (Table 1). DBH of small live and dead conifer
stands (3-10 cm DBH) ranged from 3.5 to 6.8 cm, whereas
DBH of small live and dead alder trees ranged from 3.4 to
8.7 cm,

Wood and detritus

Approximately 6% (ranging from 0% to 42%) of total LW
pieces (including in-channel and terrestrial portions) were
young-growth red alder trees (Table 2). An average of 42%
(ranging from 30% to 54%) of the LW was legacy wood
pieces. Forty-five percent of the LW pieces were young-
growth conifer and 7% were unknown pieces recruited dur-
ing or after timber harvesting.

Diameter and length distributions of red alder, conifer,
and legacy LW were significantly different based on the
Kruskal-Wallis rank sum test (Fig. 3). Median diameter of
legacy LW pieces (42 cm) was greater than that of the alder
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Types of large Volume of sediment storage

wood (%) (m*m2? x107%)

Red Large Fine

alder Legacy wood wood Others Total

17.4 283 0.20 0.56 0.10 0.85

12 28 0.32 0.51 0.88 1.71

14.3 31 0.24 0.36 1.88 2.48

17.5 30 047 0.17 1.09 1.73
0 26.6 7.11 0.00 0.55 7.66
NA 6.5 4.29 0.33 0.93 5.55
6.9 37.5 0.71 0.54 0.40 1.65
0 16.7 1.75 0.16 0.47 2.38
2.4 22.7 0.67 0.20 0.54 1.40
1 374 0.27 0.07 0.11 0.45
0 21.7 0.76 0.60 0.23 1.59
0 26.7 0.01 0.05 0.06 0.12
0 27.1 0.20 0.07 6.39 6.65

14.8 21 0.71 0.24 0.97 1.93

41.8 7.5 1.90 0.04 5.16 7.10
34 22.7 0.63 0.39 3.17 4.19
0 15.4 1.15 0.37 0.08 1.60
0 23.1 0.36 0.27 0.01 0.65
0 24.5 0.70 0.29 0.69 1.68

length and 0.03-0.1 m in diameter. Accumulations of detritus (leaves and
three portions: in-channel, volume of large wood located within the wetted
large wood located outside the bank-full width. Volumes of sediment stored
wood and (or) detritus accumulations formed sediment storage; others,
in the 1950s.

LW (12 cm) and conifer LW (18 cm) (Fig. 3). The diameter
of legacy wood pieces appeared to be larger than the DBH
of existing riparian trees, whereas the diameter of other wood
pieces was similar to the DBH of riparian trees (Fig. 4). Me-
dian length of alder wood pieces (3.9 m) was greater than
legacy and conifer LW (Fig. 3).

The number of alder pieces in channels was significantly
positively correlated with the number of dead alder trees in
riparian zones. The percentage of red alder LW pieces
ranged from 0% to 42%, increasing with increasing amount
of standing alder in riparian stands (Fig. 5). However, the
number of 3-10 cm diameter alder wood pieces did not sig-
nificantly correlate with the amount of dead trees because
three catchments had large number of dead trees in riparian
zones (Fig. 5). No significant relationship between the num-
ber of conifer wood pieces in channels and the number of
dead trees in riparian zones was found (Fig. 5). The number
of LW pieces and detritus accumulations were negatively
correlated with bank-full width (LW: r = -0.58, p = 0.01;
FW: r = -0.65, p < 0.01; detritus accumulation: r = -0.70,
p < 0.01) (Table 2; Fig. 6). However, greater variations in
the number of LW and FW pieces and detritus accumula-
tions were found in headwater streams that had bank-full
widths <2 m. The number of LW pieces in upland channel
reaches (mean = 0.43-m?) was greater than that in lowland
channel reaches (mean = 0.66:m?). The volume of LW
pieces within bank-full width ranged from 0.01 to
0.16 m’>m?2 in upstream reaches and from 0.01 to
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0.07 m*m? in downstream reaches (Table 2). No significant
correlation was found between volume of LW and alder

basal area as well as the other channel factors (e.g., channel
gradient and bank-full width). Occurrences of mass move-
ment did not significantly affect the number and volumes of
wood in channels.

Sediment storage

Sediment volume stored behind LW pieces ranged from
0.0001 to 0.0711 m*m?2 in upper and lower reaches (Ta-
ble 2). For all streams, small volumes of sediment were
stored behind FW pieces and detritus accumulations (e.g.,
branches) with mean values of 0.0027 m*>m?2 We found no
significant relationship between volume of sediment stored
behind LW and FW pieces and the amount of red alder basal
area in upland reaches. Volumes of sediment stored behind
other channel. obstructions such as boulders and bedrock
pockets ranged from 0.0001 to 0.0639 m*m-= (Table 2). Nei-
ther bank-full width nor channel gradients correlated well
with stored sediment volume.

For individual sediment storage sites, significantly greater
amounts of sediment were stored behind pieces of legacy
LW than behind FW pieces and detritus accumulations (p =
0.02). Mean volume of total sediment stored behind LW
ranged from 0.05 to 0.3 m3. Red alder LW pieces, FW, and
detritus accumulations stored from 0.05 to 0.1 m3 sediment

(Fig..7).

Discussion

Factors affecting the distribution and accumulation of
wood, detritus, and sediment

Channel bank-full width, rather than riparian stand condi-
tions and management regimes, was found to be the most
important factor affecting the distribution and accumulation
of wood and detritus in young-growth headwater streams
(widths 0.5-4 m) (Fig. 6). The number of LW pieces de-
creased with increasing channel width ranging from 0.3 to
40 m (Bilby and Ward 1991; Martin 2001; Jackson and
Sturm 2002). In contrast, other researchers, studying chan-
nels 3-20 m in width, found no significant relationship be-
tween wood loadings and channel geometry in managed
streams (Beechie and Sibley 1997). Significant effect of
bank-full width on wood and detritus accumulation in our
small streams was potentially associated with the rapid changes
in valley topography (from confined to wide and flat) and
stream flow discharge along headwater channels. For LW
and FW pieces, relatively small amount of wood pieces were
found in small streams (<2 m in bank-full width) affected by
mass movement because wood pieces were transported from
upland to lowland reaches (Figs. 6a and 6b). Accumulations
of detritus in small upland channel reaches have been associ-
ated with low discharge and presence of wood pieces
(Brookshire and Dwire 2003).

Other factors, such as current riparian stand conditions,
were not significantly associated with the recruitment and
accumulations of wood, sediment, and organic matter in
channels, Young-growth stands (<40 years old) produce little
LW material (>10 cm) and have little effect on altering the
size distribution of functional LW in channels (Andrus et al.
1988; Fig. 5). Although alder has rapid juvenile growth, the
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Fig. 3. Diameter and length of red alder, conifer, and legacy pieces of large wood. Legacy pieces were wood pieces that were recruited
from old-growth stands before and during logging in the 1950s. Based on Kruskal-Wallis rank sum test, diameters (p < 0.01) and
lengths (p < 0.01) of alder, conifer, and legacy large wood were significantly different.
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Fig. 4. Relationship between mean DBH of riparian stands

(DBH > 10 cm) and diameter of large wood pieces in channels.
Open circles indicate relationships between DBH of riparian
stands and diameter of all large wood pieces, whereas solid circles
show the relationships between DBH of riparian stands and diame-
ter of legacy large wood. Triangles show the relationships between
diameter of large wood and riparian stands in undisturbed forests
(from Gomi et al. 2001). The broken line represents equal diame-
ters of large wood and mean DBH of riparian stands.
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trees that die are relatively small (DeBell and Giordano
1994; Deal et al.2004). Few large-diameter trees were re-
cruited because there were few large dead red alders or coni-
fers in the riparian stands (Table 2). Orlikowska et al. (2004)
found that diameters of dead alder trees were smaller than
10 cm and died standing in headwater riparian zones of
southeast Alaska. Grette (1985) found significant increases
in volume of alder LW 40 years after logging, whereas in-
creases in conifer LW may take more than 70 years. Based
on a numerical model, Beechie et al. (2000) demonstrated
that alder LW was replaced by conifer wood pieces 70 years
after disturbance in Washington streams. Therefore, more al-
der wood pieces may be recruited to our study streams dur-
ing the next 20-30 years when current young alder trees
become 60-70 years old. Mixed alder-conifer riparian
stands potentially provide larger diameter wood pieces in
channels because diameters of conifer trees within mixed
conifer-alder riparian stands were greater than ones within
pure conifer stands (Table 1) (Deal et al.2004; Orlikowska
et al.2004).

LW related to past management may mitigate reduced
wood and sediment accumulations associated with a change
from old-growth to second-growth forest. Most LW pieces
(legacy pieces) in headwater streams were recruited during
the recent and past timber harvesting in southeast Alaska
(Gomi et al. 2001), northern California (Benda et al. 2002),
and Appalachian Mountains (Wallace et al. 2001). Jackson
and Sturm (2002) showed that the amount of LW in small
streams (0.3-3.6 m) varied owing to management history
and local channel and hillslope topography in Washington.
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Fig. 5. Relationship between number of dead stems in riparian zones and red alder and conifer wood in streams. The number of red
alder wood in streams significantly increased with increasing number of dead red alder in riparian zones (p < 0.001).
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Legacy wood pieces remaining in the channels had greater
diameter than wood pieces recruited from riparian young-
growth forests. In contrast, diameters of in-channel LW were
smaller than riparian diameters in old-growth channels
(Fig. 4). Such wood pieces may remain in stream channels
more than 50 years after logging. Therefore, past harvesting
activities rather than present riparian stand conditions were
primarily responsible for the amount of wood pieces and
created the most persistent sites of in-channel sediment stor-
age in this study (Fig. 7).

Seasonal changes in leaf litter input alter the accumula-
tions of detritus in channels. Because our stream survey was
conducted in July, leaf letter input to streams was relatively
small even in riparian stands dominated by alder trees. Sidle
(1984) showed that leaf litter input from alder riparian trees
was highest in September and October in Bambi Creek,
southeast Alaska. Therefore, differences in detritus accumu-
lations between alder- and conifer-dominated riparian stands
may be small and difficult to detect (Fig. 6c). Quicker de-
composition and fragmentation of alder (Anderson et al.
1978; Bilby et al. 1999) may also have affected accumula-
tion of wood and detritus in our headwater channels.

Interaction of streams and riparian zones: a conceptual
model

Based on our results, we present a conceptual model for
factors associated with wood and detritus accumulations in
upland and lowland reaches of headwater streams (Fig. 8).
We define the lower portions of upland reaches as transi-
tional reaches (channel gradient 10%-20%) because of the
gradual changes of channel and valley morphology and re-
sultant wood and detritus accumulations (Gomi et al. 2004).
In the River Continuum Concept, Vannote et al. (1980) stated
that wood and organic matter are retained more in headwater
streams than in downstream reaches within large watershed

o Alder

Alder Dead Stand = 1778 Alder wood + 2.7
R2=0.93, p < 0.001

Oo

0.05

No. of Alder wood
pieces in channels (m?)

0.10 0.15

systems (10-100 km? catchment area). However, our find-
ings suggested that wood and organic matter retention was
significantly changed along headwater channels within even
short channel reaches (up to 700 m of channel length) and
small ranges of channel width (0.5-4 m) owing to changes
in stream flow and channel and valley morphology. Gomi et
al. (2003) showed that, because of changes in channel steps
associated with wood pieces, channel reach types (e.g., cas-
cade, step-pool, and pool-riffle) change noticeably along
headwater streams within relatively short distances along
headwaters of southeast Alaska. Therefore, regarding the
wood, detritus, and sediment accumulations, changes in the
interactions between streams and riparian zones may be more
variable even within headwater systems as demonstrated in
the following conceptual model.

Upland reach

The uppermost reach (channel gradient = 20%) is typi-
cally constrained by the adjacent hillslopes (Fig. 8), is fish-
less (Bryant et al. 2004), and is typically affected by scour
and runout of mass movement (Gomi et al. 2004). Signifi-
cantly more red alder basal area is found in streams im-
pacted by mass movements versus those without mass
movements in upland second-growth forests (Johnson and
Edwards 2002). Red alder was much more concentrated im-
mediately adjacent to streams (Orlikowska et al. 2004).
Wood pieces are accumulated more effectively because of
the smaller transport capacity (discharge) (Keller and Swanson
1979; Bilby and Ward 1989; Webster 1994). Here, LW and
FW pieces form channel steps (Bilby 1981; Gomi et al.
2003) where wood and detritus are accumulated and stored
in channels until such materials are fragmented, decom-
posed, and transported (Brookshire and Dwire 2003). Accu-
mulation of detritus may alter community structure and
habitat for macroinvertebrates in smaller streams (Anderson
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Fig. 6. Relationship between bank-full width and () number of large wood pieces, (b) number of fine wood pieces, (c) detritus accu-

mulations, and (d) the amount of riparian red alder.
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et al. 1978; Richardson 1992; Hernandez et al. 2005), pro-
viding processed organic matter and terrestrial and aquatic
organisms to lowland fish-bearing reaches (Wipfli and
Gregovich 2002; Wipfli and Musslewhite 2004).

Transitional reach

Transitional reaches, located on the foot of hillslopes in
U-shaped wvalleys, typically have lower gradients (ranging
from 10% to 20%) compared with the upland reaches and
have an increase in stream discharge owing to increased
drainage area and converged groundwater flow from hill-

slopes (Fig. 8a). These reaches typically have resident fish
at the upper extent of fish habitats for juvenile coho salmon,
Dolly Varden, and steelhead trout depending on the distribu-
tion of pools (Bryant et al. 2004). These reaches may vary
considerably owing to sediment supply from the upper
reaches. For example, where there is greater sediment sup-
ply owing to mass movements, mineral soil is exposed or
deposited and red alder regeneration is enhanced. Disturbed
areas may be constrained by hillslopes depending on valley
topography. Increasing discharge in this reach may transport
wood and organic matter more effectively.
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Fig. 7. Mean volume of sediment stored behind total, red alder.
and legacy large wood pieces as well as fine wood and detritus
accumulations. The volume of sediment stored behind legacy
large wood was significantly greater than the volume of sediment
stored by fine wood pieces and detritus accumulations.
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Fig. 8. Conceptual model for the factors of wood and detritus
accumulations relative to the amount of red alder in riparian
zones. (a) Characteristics of physical parameters such as valley
configurations, channel gradients, bank-full width, and absolute
discharge along headwater streams. (b) Changes in the amount of
red alder and woody debris retentions from upper to lower
reaches. Data of fish distribution are from Bryant et al. (2004).
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Lowland reach

Downstream reaches, typically located at the bottom of U-
shape glacial valleys (flood plain), have low gradients (=10%)
and generally are not confined by side slopes (Fig. 8a).
These reaches are often important habitat for juvenile
salmonids (e.g., winter rearing) (Bryant et al. 2004). In these
areas, various sizes of debris fans and log jams are formed
as a result of deposition of sediment transported from up-
stream reaches and provide sites for red alder establishment
(Johnson et al. 2000; Gomi et al. 2004) (Fig. 8b). In these
low-gradient reaches, soils were often disturbed by tractor
logging during the 1950s (D.N. Swanston, personal commu-
nication). Relatively greater percentages of alder riparian
trees are found (Fig. 8b) and more terrestrial prey for juve-
nile fishes may be available (Wipfli 1997; Allan et al. 2003).
Most LW and FW pieces recruited from red alder and coni-
fer trees may be transported farther downstream because of
greater channel width and greater discharge. Alder riparian
trees provide significant sources of nutrients and suspended
particulate organic matter (Johnson and Edwards 2002; Yolk
et al. 2003). Bank erosion may cause more tree mortality
and subsequent wood recruitment in lowland reaches.

Summary and conclusions

We investigated accumulation and distribution of wood
pieces and sediment in headwater streams with respect to the
amount of red alder in young-growth riparian forests. We
found that retention of wood and detritus varied spatially
with changes in geomorphic conditions. Findings of this study
were summarized with stream and riparian conditions in the
following five ways: (i) the amount of red alder in riparian
zones is directly affected by the level of mass movement and
timber harvesting disturbance, (i) more red alder LW was
found in streams with more riparian alder, (iij). more wood
and detritus were retained in streams with smaller channel
widths (upland reaches) than in larger channels (lowland
reaches) regardless of riparian stand condition and mass
movement, (iv) legacy LW pieces provide sites for more sed-
iment storage in headwater channels, and (v) effects of cur-
rent riparian stand conditions (alder-conifer mixture) on wood
and organic matter accumulations were masked by past man-
agement, mass movement, and channel properties.

A component of alder within young-growth riparian for-
ests may benefit both wood production and biological recov-
ery in disturbed headwater stream channels. Alder FW and
detritus accumulations in Maybeso headwater streams cur-
rently support food and energy sources for stream biota in
headwaters and their downstream systems (Piccolo and
Wipfli 2002; Wipfli and Musslewhite 2004). However, the
limited large pieces of legacy wood continue to provide the
most useful physical structures for retaining sediment and
creating pools. Over the next 50 years, the recruitment of
new and LW pieces from young-growth forest and decay of
legacy wood pieces may alter the accumulation of organic
matter and change sediment storage (Hennon et al. 2002).
Given enough time, mixed red alder - conifer forests will
produce large-diameter conifer trees (Deal et al. 2004). These
large-diameter  conifer trees from second-growth forest
should play a critical role in creating diverse structures in
stream channels (e.g., steps, pools, and sediment storage)
and improve habitat quality for fish and macroinvertebrates
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when larger trees in these stands began to die. Such tempo-
ral changes together with the spatial variation of wood, de-
tritus, and sediment accumulations and distribution along
headwater channels provide for diverse and unique charac-
teristics of headwater systems within channel networks.
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