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Riparian zone vegetation can influence terrestrial and aquatic food webs
through variations in the amounts, timing, and nutritional content of leaf and other
litter inputs. Differences in vegetation composition and density, as well as riparian
topography, may modulate the strength and quality of these inputs. Changes in
inputs to small order streams affect the processes and condition of adjacent and
downstream reaches based on the amount of particulate organic matter that is
intercepted, retained, or exported. The central Oregon Coast Range provides an
ideal opportunity to study how deciduous dominated and coniferous dominated
riparian forests influence small streams within a matrix of managed riparian forests.
In coastal Oregon riparian forests, we investigated lateral and vertical litter inputs
to sixteen streams throughout a year and assessed how these inputs were influenced
by density of deciduous dominated (mainly red alder (Alnus rubra)) or coniferous
dominated (mainly Douglas-fir (Pseudotsuga menziesii)) overstory, understory, and
lateral slope.
Deciduous site vertical litter inputs (504 g m-2 yr-1 (95% CI: 447-562)) were
estimated to exceed those from coniferous sites (394 g m-2 yr-1 (336-452)) by 110 g
m-2 (29-192) over the full year. Annual lateral inputs (per meter of stream bank on

one side) at deciduous sites (109 g m-1 yr-1 (76-143)) were estimated to be 47 g m-1
(1-95) more than coniferous sites (63 g m-1 yr-1 (29-97)). Annual inputs at
coniferous sites were dominated by deciduous leaves, coniferous needles, and twig
litter types. Deciduous leaves, deciduous-other, and small unidentifiable litter
types dominated the annual inputs at deciduous sites. When evaluated temporally,
November was the most pivotal month differentiating coniferous and deciduous
site litter inputs.
At deciduous sites, lateral litter movement increased with slope, but we did
not see the same relationship for coniferous sites except in spring/summer months.
Lateral inputs were quantitatively greatest in autumn months for both overstories,
but were proportionately greater in winter. Regardless of slope, there was no
indication that understory plants were obstructing annual lateral litter inputs or that
annual lateral litter inputs were moving more than 5 m down slope.
The percent nitrogen of annual total vertical litter was estimated to be 1.9%
N (1.5-2.4) at deciduous sites and 1.2% N (0.8-1.7) at coniferous sites. Average %
nitrogen of individual litter types were either greater in deciduous sites or not
different among overstories, indicating that one can generally expect coniferous
sites to have lower % N litter inputs overall.
The annual nitrogen flux entering each meter-length (from above and both
sides) of standard 4 m-wide streams at a deciduous sites (42 g N m-1 of stream) was
twice that of coniferous sites (21 g N m-1 of stream). Annual total litter carbon flux
into each meter-length of 4 m-wide streams was estimated to be 1154 g C m-1 of

stream at deciduous sites and 880 g C m-1 of stream at coniferous sites. On
average, autumn months (October-December) accounted for 46-59% of annual
vertical C flux and 56-70% of annual vertical N flux at coniferous and deciduous
sites.
Our results suggest that red alder dominated riparian zones of the central
Oregon Coast Range have significantly different quantity, timing, and quality of
leaf litter inputs to streams than conifer dominated forests. Varied topography
adjacent to streams with red alder dominated overstory has greater impact on the
quantity, quality, and timing of total inputs than at coniferous sites. The
cumulative effects from many small red alder dominated streams exporting to
downstream reaches include more pronounced seasonality of litter delivery, with
greater carbon and nitrogen loading annually, than expected from conifer
dominated streams. Differences in overstory and topography in Oregon Coast
Range riparian forests directly impact the delivery of nutrients and can affect the
structure and composition of food webs in these ecosystems.
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RIPARIAN LITTER INPUTS TO STREAMS IN THE CENTRAL
OREGON COAST RANGE
CHAPTER 1: INTRODUCTION
Riparian zones have been defined as three-dimensional zones of terrestrial
and aquatic ecosystem interaction (Gregory et al. 1991). These areas provide shade
(Gregory et al. 1991), terrestrial litter (Minshall 1967, Fisher and Likens 1973), and
large wood (Gregory et al. 1991, Minore and Weatherly 1994) that are needed to
maintain stream functions and processes. Conifers provide year round shading to
the stream (Gregory et al. 1991) and generally provide larger, more decay resistant
logs than deciduous trees (Hairston-Strang and Adams 1997, Naiman et al. 2000),
which provide habitat for invertebrates and salmon (Hairston-Strang and Adams
1997). Hardwoods provide important sources of potentially limiting elements to
forests and streams (Volk et al. 2003), provide resources to support higher densities
of stream invertebrates than coniferous forests (Anderson et al. 1978), and allow
for more rapid decomposition and mineralization, and therefore faster nutrient
cycling and enhanced productivity (Perry et al. 1987).
Small streams can be influenced strongly by shading and terrestrial detritus
input from riparian vegetation (Vannote et al. 1980). Greater stream-forest
interface occurs on small order streams where canopies are more closed (Triska et.
al, 1984) than on larger order streams. Small streams can encompass 70-90% of
stream network length and contain hundreds of individual channels within a given
watershed (Benda et al. 2002).
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Coniferous and deciduous overstories likely provide different nutritional
subsidies to these ecosystems, but we currently have limited information about how
coniferous and deciduous riparian forest litter inputs differ from one another. The
litter produced in the riparian zone that enters the stream is conditioned and
utilized, retained, or exported (Gregory et al. 1991).
There is also a lack of knowledge about how riparian area characteristics,
including lateral slope and vegetation composition and density, may lead to
differences in litter input (Conners and Naiman 1984, Magana 2001). Changes in
vegetation composition, nutrient content, and seasonal variability have direct
consequences on the terrestrial litter (Bray and Gorham 1964) that is the basic
building block of small stream food chains (Fisher and Likens 1973). This makes
understanding how the overstory composition of riparian forests affects the timing,
quality, and quantity of litter entering streams important.
We know that leaves fall vertically from the overhead riparian vegetation
(Abee and Lavender 1972) and a number of studies have examined when and how
much litter enters streams laterally from the riparian zone (Fisher and Likens 1973,
Winterbourn 1976, McDowell and Fisher 1976, Iverson et al. 1982, Conners and
Naiman 1984, King et al. 1987, Webster et al. 1990, Magana 2001). However,
earlier studies assumed that lateral inputs are not important enough to warrant
measurement (Dawson 1976, Fisher 1977, Neaves 1978). The studies that look at
vertical and lateral inputs were generally focused on producing stream energy
budgets (Fisher 1977, McDowell and Fisher 1976) or understanding vegetation
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influences on stream macroinvertebrates (Whiles and Wallace 1997). Conners and
Naiman (1984) found similar proportions of litter on sites of differing forest
composition and density. Magana (2001), however, found that density and
composition of riparian vegetation was important in determining the quantity of
litter on sites of similar slope. This may indicate that forest composition and
density work in conjunction with lateral slope work to affect the composition of
litter.
Previous studies suggest that more litter moves laterally on steeply sloped
ground (Fisher 1977, Moser 1991, France 1995). This may be attributed to wind
(Orndorff and Lang 1981, Conners and Naiman 1984) or high levels of
precipitation (Orndorff and Lang 1981, King et al. 1987). Moser (1991) and
Magana (2001) found, however, that rainfall and runoff did not affect the input of
lateral litter to aquatic ecosystems. The roughness or spatial density of understory
riparian vegetation has been suggested as a reason for decreases in the amount of
lateral movement (Neaves 1978). Forest floor vegetation, large logs or rocks can
entrap laterally moving litter (Dawson 1976, Orndorff and Lang 1981, King et al.
1987, France 1995). According to Orndorff and Lang (1981), lateral leaf litter
movement due to wind is of more importance on slopes that dry out more quickly
after rain. These studies indicate that differences in site characteristics affect litter
production and subsequent movement.
Deciduous and coniferous species may also differ from each other in the
timing, amount, and nutrient content of litter inputs to streams. Bray and Gorham
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(1964), in a review of world forest litter production, reported that conifers produced
approximately one-sixth more total litter (bark, fruit, branch, and leaf) annually
than broadleaved trees but that broadleaved species had higher mineral material.
They also indicated that higher production of litter could be expected at lower
latitudes, on northeast slopes, and on higher quality sites (Bray and Gorham 1964).
Litter production varies both annually (Iverson et al. 1982) and seasonally in many
parts of the world (Bray and Gorham 1964); Most often, litterfall peaks during the
autumn season (McDowell and Fisher 1976, Winterbourn 1976, Fisher 1977, King
et al. 1987, Webster et al. 1990). Lateral movement appears also to be greatest in
the autumn (McDowell and Fisher 1976, Winterbourn 1976, Moser 1991).
The central Oregon Coast Range provides an ideal opportunity to study how
different riparian forests influence streams within a matrix of managed riparian
forests. The steep lateral slopes that occur in the Oregon Coast Range may make
small streams particularly dependent on allochthonous detritus because of canyon
shading (Vannote et al. 1980). Currently, non-coniferous trees dominate many
riparian zones of all slope classes in the Oregon Coast Range (Emmingham et al.
2000). Red alder (Alnus rubra) and bigleaf maple (Acer macrophyllum) are
widespread in part because trees were logged down to the streams before the
Oregon Forest Practices Act (FPA) of 1973 required buffer retention (Hibbs et al.
1994, Minore and Weatherly 1994, Hibbs and Giordano 1996, Emmingham et al.
2000). Pioneer hardwoods and shrubs adapted to large disturbances often
regenerated after fire, debris flow, and logging disturbance, resulting in riparian
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zones currently dominated by red alder overstory and/or very dense shrub
understory (Hibbs et al. 1994, Minore and Weatherly 1994, Hibbs and Giordano
1996).
Deciduous species, particularly N-fixing red alder, in the Pacific Northwest
have nitrogen concentrations two to three times greater than coniferous species like
Douglas-fir (Pseudotsuga menziesii) (Abee and Lavender 1972, Valachovic 1998,
Volk et al. 2003, Scott 2004). Carbon concentrations are not, however, considered
to vary much and concentrations stay near 48-50% C (Valachovic 1998). Prior
aquatic and terrestrial studies have shown more rapid conditioning and
decomposition of red alder detritus (Anderson and Sedell 1979, Valachovic 1998)
than other litter types. Less is known about non-overstory leaf or needle nutrient
concentrations, fluxes, or decomposition in streams.
Current management regulations in Oregon require improving stream
habitat for fish, particularly salmonids. Since hardwoods are not thought to provide
as much shade and structural large wood to streams as conifers, the conversion of
riparian forests dominated by red alder to coniferous-dominated overstories has
been considered an effective way to improve habitat (Emmingham et al. 2000).
Such changes, however, may overlook potentially important functions provided by
red alder to riparian ecosystems, including increased nutrient cycling (Perry et al.
1987) and nitrogen fertilization through fixation (Tarrant and Trappe 1971). The
importance of red alder to invertebrates and fishes has recently been investigated in
Alaska (Piccolo and Wipfli 2002) and the Oregon Coast Range (Romero et al.
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2005). Though rapid colonization of fallen red alder litter by stream microbes and
invertebrates is well known (Sedell et al. 1975, Anderson and Sedell 1979), the
importance of red alder to broader terrestrial and aquatic food webs of the central
Oregon Coast Range has largely been ignored.
Discussion of conversion to coniferous overstories to maintain a single
attribute does not consider what could be lost by removing deciduous dominated
stands. This prompted our research exploring how deciduous and coniferous
riparian forests differ. This study is part of a larger Cooperative Forest Ecosystem
Research (CFER) study focusing on how riparian food webs in coniferous and
deciduous dominated riparian forests differ from one another. Wildlife species,
vegetation composition, and terrestrial litter inputs and dynamics are being
explored within managed riparian zones of varied overstory compositions. Our
study aims to understand how deciduous and coniferous riparian forest
communities and associated topography impact the litter provided to streams. We
address the following questions about coniferous and deciduous dominated riparian
forests of the central Oregon Coast Range through an annual cycle:
•
•
•
•
•
•
•

How do vertical and lateral litter inputs differ?
How does lateral slope adjacent to the stream relate to lateral inputs?
What is the relative proportion of lateral inputs to total inputs?
How does understory vegetation affect lateral inputs?
How far does litter move laterally?
How do nitrogen and carbon concentrations differ?
What is the temporal pattern of vertical and lateral litter movement
and associated nutrient dynamics?
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CHAPTER 2: METHODS
Study Area
The study area was located in the central Coast Range of Oregon (44° 21’
35’’ N, 123° 34’ 28’’W) within five contiguous watersheds: Big Elk Creek, Lobster
Creek, Lake Creek, and Lower and Upper Alsea River. Bedrock is largely
sedimentary, primarily sandstone, with occasional areas of basalt. Soils are
classified as humic Inceptisols, and are generally moderately deep and moderately
acidic. The area is characterized by a wet maritime climate with 1500-3000 mm of
precipitation dominated by winter rain (Franklin and Dyrness 1973). Over the last
25 years, the average annual precipitation measured near the center of the study
area has been 1603 mm (95% CI: 1480-1727) (National Atmospheric Deposition
Program 2005). The study area is within the western hemlock (Tsuga heterophylla)
vegetation zone, which is characterized by subclimax Douglas-fir and climax
western hemlock and western redcedar (Thuja plicata). Stands in this zone,
however, are often dominated solely by Douglas-fir or red alder (Franklin and
Dyrness 1973). Red alder and bigleaf maple are the most prevalent hardwood
species and commonly dominate riparian areas (Pabst and Spies 1999, Nierenberg
and Hibbs 2000).
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Study Sites
Eight riparian sites with a Douglas-fir dominated overstory and eight sites
with a red alder dominated overstory were selected within the central Oregon Coast
Range in spring of 2003 (Figure 1). Site suitability criteria included 1) the presence
of red alder or Douglas-fir dominated overstory and 2) hillslopes <70% slope
adjacent to streams. Seeps, tributaries, and non-uniform hillslopes or vegetation
eliminated sites from consideration.
Among sites for each overstory type, lateral slope ranged from 0-65%.
Several research sites were common to other CFER studies. The sixteen sites,
coded abbreviations and site characteristics are listed in Table 1. The management
history of most of these sites is unknown. Some sites had large western redcedar
stumps and/or evidence of surface fires, but the presence of these characteristics did
not appear to be related to current condition.

Study Design
At each site, we selected uniform areas along a ≤300 m stream reach and
delineated four plots on one side of the stream, each 8 m (along stream) by 25 m.
Additional 8 m x 5 m areas were delineated across the stream from each of the four
primary plots (Figure 2). The stream azimuth was measured from thalweg to
thalweg in 10 m increments within each site and averaged. The plot azimuth was
assigned a value perpendicular to the average stream azimuth and all four plots
were installed at that plot azimuth.
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To compare between overstory types among different slopes and make
manipulative comparisons within overstory types, a control and three treatments
were randomly assigned to the four plots:
1. Cut: In a 5 m x 8 m section adjacent to the stream, understory was cut
every 2 months for the duration of the study. All plants <10 cm
diameter at breast height (dbh) and >12 cm in height were cut at ground
level and removed from the site.
2. 5-m fence: An 8 m long fence was constructed from 1.4 mm mesh
parallel to the stream azimuth 5 m slope distance from the stream edge
to block litter moving down-slope from upslope of the 1 m tall fence.
3. 10-m fence: An 8 m long fence was constructed from 1.4 mm mesh
parallel to the stream azimuth 10 m slope distance from the stream edge
to block litter moving down-slope from upslope of the 1 m tall fence.
4. Control: No cutting or fencing occurred in the control (Figure 2).
Traps to catch vertically falling litter (vertical traps) and litter moving
laterally (lateral traps) were installed in August of 2003 at each site. Vertical traps,
constructed from laundry baskets and suspended mesh (1.4 mm), were set to
capture overstory and understory litter falling vertically from a height of >0.33 m
above the forest floor. Vertical traps collected from an area of 0.26 m2 each
(Figure 3). Lateral traps were set to collect litter moving down the hillslope rather
than falling directly from vegetation. Lateral traps were constructed of PVC
rectangles (0.33 x 0.5 m) oriented vertically with a mesh (1.4 mm) bag on the
downhill side; each sampled from a length of 0.5 m (Figure 4).
The cut, control, and 5-m fence plots each had two vertical and three lateral
traps edge in a given trap array deployed at the stream (Figures 5 and 6). The 10-m
fence treatment had no lateral traps at the stream edge; rather, the 10-m fence and
5-m fence treatments each had an array of one vertical and three lateral traps
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located 5 m from the stream. These fifteen lateral traps and eight vertical traps,
plus two additional vertical traps in the 10-m fence treatment (at 0 m and 10 m
from the stream), made a total of 25 traps at each site (Figure 6). Due to logistical
problems measuring direct inputs to streams, vertical traps at the stream edge were
used to estimate inputs to streams. We also installed four vertical traps directly
over the stream for direct determination of vertical litter input at two sites of each
overstory type for comparison with streamside verticals.
Within each treatment at each distance from the stream, we systematically
installed traps at longitudinal and lateral locations. Stream edge lateral and vertical
traps were installed as close to bankfull width as possible. Within each trap array,
lateral traps were installed at 2, 4, and 6 m from the downstream edge of the plot
(longitudinal direction) and vertical traps were installed at 3 and 5 m from the
downstream edge (Figure 6). Downed wood, tip-ups, root-wads, water, and rooted
trees or snags were avoided during installation.
Our aim was to install lateral traps with the trap mouth positioned vertically
(e.g., like a soccer goal). We measured and recorded (in degrees) the deviation
from vertical (trap-angle) for each lateral trap. The deviation from horizontal of the
mouth of each vertical trap (vertical trap slope) was also measured (in degrees).
The angle of the first 0.5 m of slope (proximal slope) in front of each lateral trap
was measured.
To test if understory was related to lateral inputs, we planned to compare
the inputs to streamside lateral trap in the control and cut plots. Fewer lateral
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inputs in control lateral traps would indicate that the presence of understory
vegetation was related to reduced lateral inputs. Comparison of streamside lateral
traps in the control and 5-m fence plots tested if litter was moving > 5 m. Greater
lateral inputs in control plots would suggest that litter moved further than 5 m and
was collected in the trap. If litter was found to move more than 5 m, similar
comparison of 5-m and 10-m fence plots could be made to establish if litter moved
more than 5 m not adjacent to the stream.

Vegetation and Plot Sampling
Measurements of vegetation and plot characteristics were conducted
between June and September 2003 for each site. Each plot had an area of 240 m2
and was separated into six sections (Figure 7).
Trees and snags (>10 cm dbh) were identified to species and dbh was
measured (in cm) for each tree within each section (Table 2). Canopy cover of
overstory species (>2 m in height) vegetation was measured using a moosehorn
(view angle of 13°) and categorized by vegetation type at seven systematically
selected points within each plot, for a total of twenty-eight per site (Figure 7). The
number of cross hairs covered by canopy (out of 25) for overstory deciduous,
evergreen species and mixed were counted and recorded separately. Understory
species canopy cover (>1 m in height) was also measured using a moosehorn at the
same twenty-eight locations as overstory cover in each site.
Understory woody vegetation cover, number of stems, stem cross-sectional
area, basal or stem cover, and density were visually estimated in four randomly
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located 1-m quadrats within the first 10 m closest to the stream (two in 0-5 m and
2

two in 5-10 m distance) within each plot. The 0-5 m distance upslope from the
stream is also referred to as the 0 m section, the 5-10 m distance is the 5 m section,
and likewise for further distances (Figure 7). Visual estimates of groundcover (<12
cm in height), dead herbs and shrubs (dead understory), moss, and bare mineral soil
percent cover, and large wood coverage were also made and recorded (in percent)
in each quadrat to test the uniformity within sites and with increasing distance from
the stream. Only wood pieces larger than 10 cm in diameter were included in large
wood estimates. Categorical exclusions that required moving the location of each
quadrat included areas where tip-ups, root-wads, water, or rooted trees or snags
dominated the 1-m2 at the pre-determined locations.
To characterize potential obstructions to lateral litter movement, we
estimated spatial density of a given path along the ground using a visual density
board (0.5 m x 0.4 m) held at two distances from the line along which traps were
arrayed. The board was held at ground level at both 2 and 5 m distances upslope
from each trap location (Figure 7). It had 20 equally spaced 10 cm diameter
circles, and the portions of non-visible circles on the top and bottom half of the
board were estimated as the index of obstruction for litter traveling that path and
distance. Obstructive spatial density, measured as the obstructed area of the total
area, was measured at six locations (3 points, 2 distances each) in each section in
the 10 m closest to the stream in each plot (Figure 7).
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Bankfull width was measured perpendicular to the direction of flow at the
mid point of each plot (Table 2). Slope was measured in 5 m slope-distance
increments from the stream to 25 m and a value was recorded for each section
(Table 2). The slope was measured using a clinometer on the downstream
boundary of each treatment to sight 5 m upslope (Figure 7).
In addition, large wood bigger than 10 cm in diameter and longer than 1m
in length was measured and recorded in 5 m increments upslope along the
downstream boundary of each plot (Figure 7). Each piece of wood was identified
to species and measured for diameter where it crossed the plot boundary. Logs that
lay across the plot boundary were also classified by being a) on the ground b)
perpendicular to the plot boundary (within 45 degrees) or not and c) of a decay
class less than 3 (based on Sollins 1982). These three categories were combined to
become the mean 1) total numbers of logs on ground, 2) obstructive (perpendicular
to plot boundary) and on ground, and 3) low decay, obstructive, and on ground.
Large wood by overstory type is listed in Appendix 1.

Litter Collection and Sample Preparation
Vertical and lateral litter were collected monthly between August 2003 and
August 2004. After collection, litter was dried at 50-65° C for 48 hours. Monthly
litter from each trap type in each trap array was composited to create one sample
for a total of 11 samples per collection for each site. Each sample was filtered
through a 1.4 mm mesh sieve to ensure that we were sorting and weighing
comparably-sized litter for each trap type. Litter too large to go through the sieve
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was then sorted into five groups and weighed: deciduous non-twig, coniferous nontwig, understory non-twig, twig, and other. We also enumerated the species in each
sample and any unusual items identified. Insects were removed from samples, and
lichen and moss were put in the “other” category.
Control treatments from eight randomly selected sites (4 coniferous and 4
deciduous) were later re-sorted into seven categories: Deciduous leaves, deciduousother, coniferous needles, coniferous-other, understory non-twig parts, twigs
(overstory and understory), and leftover (Appendix 2). The re-sorted control litter
types were again weighed. Species and specific litter descriptions were recorded
for each litter type.
Control resorted samples were composited into seasons by combining like
trap types and litter types across months for chemical analysis. Seasons were
assigned based on current understanding of different conditions in streams
important to structuring food webs. September, autumn (October-December),
winter (January-March), and spring/summer (April-August) were the categories
used to bulk chemistry samples. For other seasonal comparisons, September was
added to the autumn category and only three seasons were used. At the time of
compositing, the most abundant types of each litter type in each season were
recorded. These seasonal litter type samples were ground to a fine powder using a
Wiley mill, ball mill and/or roller grinder. Approximately 3-5 mg of each litter
type was weighed into tin capsules and analyzed for total carbon and nitrogen in a
Costech ECS4010 elemental analyzer using atropine and acetanilide as standards.
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At least one-quarter of all samples were run in duplicate; on average, the duplicates
varied from one another by 0.01% N and 0.31% C.

Calculations
For questions concerning total litter, the summed mass of all 5 or 7 litter
types for that sample was used. Some analyses were also done for each litter type
individually. When comparing total litter in the control and cut plots, the
understory components were subtracted from each plot. Vertical trap slope did not
affect the vertical inputs collected in each vertical trap so was not incorporated in
calculations. Vertical litter input was calculated as the mass from the vertical traps
in each trap array divided by the summed surface area of the traps to give litter
input in g m-2. Lateral litter input was calculated as the mass from the lateral traps
in each trap array divided by the summed length of the traps to give lateral litter
input in g m-1.
Computations that recalculate rates of input in small traps to rates of total
litter input to a stream scale mathematically to stream width. To standardize for
this and compare lateral and vertical stream inputs, we calculated the vertical plus
lateral inputs to a standard 4 m-wide stream, the approximate average stream width
for sampled streams. Thus, for a given 100 m reach of a 4 m-wide stream, the
vertical inputs (g m-2) would need to be multiplied by 400 (4 m-wide, 100 m-long)
to estimate the total vertical inputs to that reach. The lateral input estimates (g m-1)
were multiplied by 200 (2 sides of stream, 100 m-long) to estimate the total lateral
inputs to that reach.
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Basal area for live and standing dead trees was calculated using slopecorrected plot area. The 5 x 8 m section on the opposite side of the stream was
assigned the same slope value as the 0 section to calculate its slope corrected basal
area (Figure 7). The deciduous, evergreen, mixed, total, and shrub canopy cover
values for each section were used for analyses. We computed the spatial density
value for each distance (2 or 5 m) by averaging the observations at the three
locations in each section. All quadrat-collected data was calculated such that the
two quadrats in the 0 m section (within 5 m of the stream) and 5 m section (5-10 m
from the stream) were averaged separately.
Proximal slope values were averaged from each trap type for each array in a
plot. Slope was averaged including successively longer distances to understand the
extent of slope (i.e., proximal, local, or site level) that was best related to lateral
litter movement. These calculations resulted in five averages, encompassing
different distances from the stream.
Sample mass and nitrogen or carbon concentrations were used to calculate
nutrient fluxes to streams separately for vertical and lateral inputs. Fluxes and
nutrient concentrations for total litter were calculated as mass-weighted averages
from each litter type.

Data Analysis
Analysis was done using SAS v. 9.1 statistical software from the SAS
Institute Inc. (SAS Institute Inc. 2003). Prior to analyses, normal probability plots
were used to check data distributions for normality and either transformations or
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other distributions were used if needed. Residuals were checked to ensure equal
variance and log, logit, or square-root transformations were applied to improve the
variance when needed. Significance was set at ≤0.05 prior to analyses. Means or
medians are presented with 95% confidence intervals. Planned multiple
comparisons were adjusted with Bonferroni or Fishers protected LSD and
unplanned comparisons were adjusted with Tukey. Potential outliers were assessed
for their affect on predicted values, slope, and intercept in regression analyses. We
considered all trap arrays independent from one another because we assumed that
litter inputs and physical conditions affecting one array were not more similar
within a plot than among plots.

Vegetation and Plot
Means of vegetation and plot measurements were assessed by applying a
three-way ANOVA with the interactions and main effects of overstory, treatments,
and sections included. Each ANOVA was blocked by site within overstory and
was performed in PROC MIXED unless otherwise noted. Large wood was
estimated using a Poisson distribution in PROC GENMOD because the responses
were non-normally distributed discrete unbounded integers. To examine the mean
total number of logs, a three-way structure with interactions and main effects of
overstory, treatment, and section was used. Differences in subset combinations of
the total large wood data (on ground, perpendicular to plot boundary and low decay
classes) were examined using a two-way structure of overstory, treatment, and their
interaction.
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Spatial density, deciduous, evergreen, mixed, total, and shrub canopy cover,
groundcover, dead understory, moss, and bare mineral soil percent cover, and large
wood percent cover were logit transformed and analyzed as normal distributions.
Similarly, live basal area, understory number of stems, stem cross-sectional area,
basal or stem cover, and density of understory non-woody species were log
transformed and analyzed for difference in means. Visually estimated understory
canopy cover was square-root transformed and analyzed as a normal distribution.

Sources and Movement
Comparisons of annual control plot vertical and lateral inputs between
overstory types for total litter and different litter types were performed with a oneway ANOVA (PROC MIXED). Overstory was used as the main effect and the
analysis was blocked by site within overstory type.
Slope values were incorporated into the above analysis to test if slope
operated differently at coniferous and deciduous sites. Using PROC MIXED, we
regressed annual control plot lateral inputs against slope for different overstories
(which were made distinct by assigning an indicator value of zero or one) and
compared regression lines (litter inputs =β0 + (β1*overstory indicator variable) +
(β2*0-5m slope) + (β3*indicator*slope) + random error term). We regressed annual
lateral inputs against slope for the control and cut treatment to understand how the
removal of understory affected lateral inputs (lateral litter inputs =β0 +
(β1*treatment indicator variable) + (β2*0-5m slope) + (β3*indicator*slope) +
random error term). Similarly, we compared the slope and intercepts of regression
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lines for the control and 5-m fence plot to test if litter was moving more than 5 m
during the year (lateral litter inputs =β0 + (β1*treatment indicator variable) + (β2*05m slope) + (β3*indicator*slope) + random error term).

Seasonal Pattern
A two-way ANOVA (PROC MIXED) with repeated measures was used to
compare seasonal and monthly control treatment vertical and lateral inputs between
overstory types for total and different litter types. Means were compared by using
overstory and season or month as main and interaction factors in the statistical
model. Monthly relative contributions (per 4 m-wide stream) of lateral and vertical
inputs were calculated from overstory comparisons. To test how slope operated
throughout the year, we regressed each season or month’s control treatment lateral
inputs against slope for different overstories and compared regression lines.
Similarly, we compared regression lines for 1) season and month control and cut
plot lateral inputs to test if effects of removing of understory plants varied with
time and 2) season and month control and five plot streamside lateral inputs to see
if any effects of the fence installation varied with time.

Nutrients
To test for differences in nutrient concentration and flux between
overstories, we compared annual control vertical and lateral total litter inputs using
one-way ANOVA with overstory as the main effect. A two-way ANOVA with
overstory and litter type as main effects with an interaction term included was used
to compare mean annual nutrient fluxes for different overstory types. Additional
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two-way ANOVA analyses with repeated measures were completed to understand
whether total litter nutrient concentrations and/or fluxes showed seasonal patterns
in each overstory type. Mean litter type seasonal nutrient concentrations were
compared using a three-way repeated measures ANOVA including season,
overstory, and litter type as main effects with interactions included.
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CHAPTER 3: RESULTS
Vegetation and Plot
Median live tree basal area (m2 ha-1) increased with distance from the
stream at coniferous sites. Regardless of distance upslope, median live basal area
was generally lower at deciduous sites (Table 3). Total canopy cover exceeded
95% in both overstory types (Table 4). While there was an overstory by section
interaction (F6,373=2.86; p=0.01), these differences were limited to < 5% of canopy
cover (since all coverage was >95%). No differences appeared between
combinations of overstory and distance from the stream after adjusting for multiple
comparisons.
Red alder was present along the stream at most of the sites, as evidenced by
the high deciduous canopy cover over the stream and in the 0 m section, but
decreased dramatically away from the stream at coniferous sites (F6,373=3.17;
p=0.005; Table 4). Upslope deciduous canopy cover at coniferous sites was
consistently less than at deciduous sites. Deciduous sites displayed uniform
deciduous canopy cover values over the stream, near the stream, and upslope.
Coniferous canopy cover at deciduous sites was low and uniform with
distance from stream. Because of the patterns of deciduous and coniferous canopy
cover, coniferous sites had more mixed canopy cover than deciduous sites at all
distances from the stream (t-value=4.10; p=0.001). Overall, these patterns confirm
a priori selection of these sites as “deciduous” versus “coniferous” dominated, and
this terminology will be used throughout to distinguish these site-types.
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Within each overstory type, the shrub canopy cover was uniform across
plots, but lower over the stream (F6,373=3.01; p=0.007). The median shrub canopy
cover, however, was an order of magnitude greater at deciduous than coniferous
sites (Table 4). Similarly, visually estimated understory cover was greater at
deciduous sites than at coniferous sites (F1,14=49.08, p<0.0001). Deciduous sites’
understory cover was estimated as 31.3% and was similar to moosehorn estimates
of shrub canopy cover. Understory cover estimates at coniferous sites (12.6%)
were higher than moosehorn shrub canopy cover estimates. The cover of just the
base of understory plants, number of stems, and area of stems (cm2 m-2) of
understory in the first 10 m by the stream were uniform regardless of overstory,
treatment or distance from the stream (Table 5).
The median non-woody understory cover at deciduous sites (4.99%) was
significantly greater than at coniferous sites (0.49%) (Table 5). There was not a
systematic pattern of median moss cover or percent area of bare mineral soil within
the first 10 m adjacent to the stream. All median moss cover values were less than
22%, and all percent area bare mineral soil values were less than 1%.
The ranges of slope values were comparable for coniferous and deciduous
sites (0 - 60%), with low variation within most sites. Proximal slope immediately
in front of lateral traps was significantly correlated with slope averages
incorporating 5, 10, 15, 20 and 25 m of slope distance. This means that the slope
directly in front of each lateral trap was highly correlated with slope distances of
not only 5 m from the trap, but 25 m from the trap.
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Spatial densities 0-20 cm and 20-40 cm off the ground were uniform, after a
Tukey adjustment for unplanned multiple comparisons, at each distance (2 and 5
m) across sites (Table 6a and 6b). Increasing the distance sampled (2 to 5 m)
increased the obstructive spatial density 0-20 cm off the ground from 63-78% (2 m
distance) to 92-94% obstructed (5 m distance) and 20-40 cm off the ground from
48-69% (2 m distance) to 88-91% obstructed (5 m distance) (Table 6a and 6b). All
sixteen sites were equally obstructed by large wood (F12,280=0.82, p=0.63).
Similarly, there was uniformity across overstory type for 1) the numbers of logs on
the ground, 2) on the ground perpendicular to the slope, and 3) on the ground,
perpendicular, and of low decay class (Table 7).
In control plots, the proximal slope in front of lateral traps (first 0.5 m) was
positively related to annual lateral litter inputs at coniferous (r=0.78, p=0.02) and
deciduous (r=0.81, p=0.02) sites. The installation angle of lateral traps was not
related to annual control plot lateral total litter inputs at coniferous (r=0.18, p=0.66)
or deciduous (r=-0.003, p=0.99) sites.
In summary, deciduous and coniferous canopy cover differed by overstory
type and confirmed that our sites fit well into the questions we aimed to answer.
Similarly, the range of slopes within each overstory type was similar for deciduous
and coniferous types, varied less within site than between sites, and was uniform in
steepness and shape with distance from stream. The vegetation and plot parameters
measured confirm that possible treatment confounding variables did not need to be
further considered in analyses.
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Sources and Movement
Overstory Differences
Deciduous site vertical litter input (504 g m-2 yr-1 (95% CI: 446.6-561.9))
exceeded that from coniferous sites (394 g m-2 yr-1 (336.4-451.7)) by 110 g m-2
(28.6-191.6) over the full year (F1,14=8.4; p=0.01). Annual lateral inputs at
deciduous sites (109 g m-1 yr-1 (75.6-143.3)) were 46 g m-1 (1.2-94.5) more than
coniferous sites (63 g m-1 yr-1 (28.9-96.6)) (F1,14=4.4; p=0.05; Figure 8). Lateral
inputs calculated for a 4 m-wide stream accounted for 7.4% (4.1-9.7) of total
annual inputs at coniferous sites and 9.8% (7.8-11.3) of total inputs at deciduous
sites. Litter inputs to vertical traps at the stream edge did not differ significantly
from litter falling into traps directly over streams (F1,2=6.25, p=0.13) so streamside
traps can be used to estimate accurately stream inputs.
Differences between overstories were also reflected in litter composition.
Annual lateral inputs at coniferous sites were dominated by deciduous leaves
(33%), twigs (23%), and leftover (18%) litter types, whereas three-quarters of the
annual lateral inputs at deciduous sites were deciduous leaves (61%) and leftover
(15%) litter types (Table 8a). Similarly, vertical litter inputs at deciduous sites
were dominated by deciduous leaves (65%) and deciduous-other (15%) litter types
(Table 8b). Deciduous leaves (33%), coniferous needles (24%), and twigs (21%)
composed more than three-quarters of the annual vertical litter inputs at coniferous
sites (Table 8b).
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Most of the coniferous sites in our study included streamside alder, so had
higher proportions of mixed canopy than pure conifer dominated stands. Because
most red alder at conifer sites was located at the stream edge, we can use the
vertical traps installed 10 m upslope from the stream to approximate the vertical
litterfall of nearly pure riparian conifer stands. On coniferous sites, the coniferous
non-twig component of litterfall near streams was 86 g m-2 yr-1, about 26% of total
litterfall. Ten meters upslope, where the deciduous component is much reduced,
the coniferous component increased to 232 g m-2 yr-1 (189.6-275.2). Overall, the
quantity of vertical litter produced 10 m upslope was similar to that at the stream
edge.

Slope Effect
A positive relationship between slope and annual lateral litter movement
was observed for the areas adjacent to streams at deciduous sites (r2=0.41, p=0.07),
but not at coniferous sites (r2=0.18, p=0.91; Figure 9). The positive intercept for
the regression performed on deciduous site data suggests that 73 g (38.9-108.4) of
litter would move laterally into each meter of a stream’s edge in a year even on flat
topography. The average annual lateral inputs from coniferous sites were 63 g m-1
yr-1, so we would expect that much litter to move on average, regardless of the
lateral slope.
While coniferous site annual lateral movement did not show a relationship
with slope, we found that winter and spring/summer coniferous site lateral litter
inputs did exhibit linear relationships with short distance slopes (Table 9).
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Deciduous sites exhibited stronger correlations with longer distances in all seasons.
Regression estimates revealed that coniferous and deciduous site lateral litter inputs
had similar relationships with slope percent 0-5 m from the stream in winter
(r2=0.42, p=0.08; r2=0.38, p=0.11) and spring/summer (r2=0.51, p=0.04; r2=0.65,
p=0.01) seasons (Figure 10).

Obstructions and Distance Traveled
There was no indication that understory plants were obstructing annual
lateral litter inputs. Linear relationships between annual lateral litter inputs and 0-5
m slope would have been needed for formal comparison of control and cut plot
regressions. Without linear relationships, visual assessment of the graphs indicated
that lateral litter was moving similarly in the cut and control plots at both
coniferous and deciduous sites (Figure 11). Comparison of mean annual lateral
inputs in cut and control plots for deciduous and coniferous sites indicated that the
lateral inputs were similar in either plot regardless of overstory (F1,14=0.20,
p=0.66).
Seasonal comparisons of how lateral litter inputs in control and cut plots
were related to 0-5 m slope were made only for winter and spring/summer at
coniferous sites because of low correlation values. Neither season showed
evidence that cutting increased the lateral movement in cut plots over that in
control plots at coniferous sites (Figure 12). This analysis did, however, indicate
that there was lateral movement at coniferous sites even at low slopes and that
lateral movement increased with slope in spring/summer, but not in winter. These
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results clarify the nature of the linear relationships at coniferous sites detailed in
Table 9.
A formal comparison of regression lines for control and five plot lateral
litter input values and average 0-5 m slope values was not possible because weak
relationships in both overstory types. There was no indication that annual lateral
litter inputs were moving more than 5 m down slope or that litter was moving
laterally more than 5 m in any season at either overstory type. The control plot
lateral litter inputs at coniferous and deciduous sites in winter and spring/summer
showed significant correlations with slope 0-5 m from the stream and generally
supported the findings from Figure 10. Comparison of mean annual lateral inputs
in 5-m fence and control plots indicated that the lateral inputs at coniferous and
deciduous sites were the same in either plot (F1,14=3.93, p=0.06).

Seasonal Pattern
November and, to a lesser extent, January, were pivotal months
differentiating coniferous and deciduous sites from one another, as these were the
only months when vertical total litter inputs differed by overstory type (t=-7.17,
p<0.0001; t=3.11, p=0.002) after a Bonferroni adjustment (Figure 13). At
deciduous sites, monthly vertical total litter inputs were significantly greater in
November than all other months after adjusting for unplanned multiple
comparisons (all Tukey-adjusted p<0.001). Similarly, lateral total litter inputs
differed by overstory type only in November (t=-2.93, p=0.004) after a Bonferroni
adjustment (Figure 14).

28
The relative contribution of lateral stream inputs to the total inputs was
highest in winter due to a combination of lower vertical inputs and greater lateral
inputs (Figure 15). While the average annual lateral inputs were 7% of total inputs
to a 4 m-wide stream at coniferous sites, in February, lateral inputs comprised 20%
of the total. Similarly, deciduous sites lateral percent of the total inputs were more
than 20% for January and February.
Comparison of individual litter types through seasons was more complex
than the annual inputs described above. For vertical inputs, the majority of the
litter types differed by overstory but these differences sometimes depended on the
season (Table 10). Coniferous needle and understory median vertical litter inputs
differed by overstory but showed similar seasonal patterns. Median coniferousother vertical litter inputs were generally greater at coniferous sites
(F1,6=17.96=0.006), but showed no seasonal pattern (Table 10). Vertical input of
deciduous leaves, twigs, and leftover all showed different seasonal patterns for
coniferous than deciduous sites. Lateral litter input did not follow the same
patterns (Appendix 3).
Deciduous sites had a strong pulse of inputs in the autumn and a moderately
large one in the spring/summer (Figure 13), both dominated by deciduous leaves.
Our data indicated more regular input at coniferous sites, but these inputs were a
series of overlapping pulses of various types that dominated for short periods of
time before another litter type became dominant (Figure 16).
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Nutrients
Concentrations
The weighted annual average percent nitrogen of vertical litter was
estimated to be 1.9% N (1.5-2.4) at deciduous sites and higher than the 1.2% N
(0.8-1.7) at coniferous sites. Deciduous site litter also had higher average percent
N in total litter for lateral inputs (F1,6=6.83, p=0.04; Figure 17). When individual
litter types are considered annually, either the overstory effect was not significant
or deciduous sites had higher % N for lateral (F6,34=3.16, p=0.01) and vertical
(F6,36=4.27, p=0.002) inputs (Figure 18).
The weighted annual average percent C for lateral and vertical inputs were
the same at both overstory types (Figure 19). Similarly, percent C for individual
litter types differed by litter type, but not by overstory. All of the litter types had
percent carbon values between 48-52% C except understory (46% C (44-48)) and
leftover (39% C (37-42)) litter types, which were lower (Appendix 4). C:N ratios
at coniferous sites (56 C:N (37-84)) were 2 times (1.1-3.5) higher than at deciduous
sites (28 (19-42)). Annually, lateral litter sources exhibited 16% (6-25) lower C:N
ratios than vertical inputs (F1,6=13.57, p=0.01).
Deciduous sites exhibited higher percent nitrogen in lateral and vertical
litter than coniferous sites in most seasons, which was consistent with the annual
results (Figure 20). The lateral and vertical input percent nitrogen values of
individual litter types are in Appendices 5 and 6
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Fluxes
The total annual amount, or flux, of nitrogen entering the stream laterally
and vertically was higher at deciduous than coniferous sites (F1,6=5.44, p=0.05;
F1,6=9.75, p=0.02; Figure 21). However, autumn was the only season when N flux
was significantly greater at deciduous sites (F3,18=8.10, p=0.001; F3,18=4.39,
p=0.02; Figure 22).
Median N flux was greater at deciduous sites for all litter types except twig
and leftover (using Fishers protected LSD) for lateral and vertical inputs
(F6,35=14.87, p<0.0001; F6,36=10.25, p<0.0001). The median N flux from
deciduous leaves was similar for vertical inputs in each overstory type, but differed
for lateral deciduous-leaves inputs (Figure 23). The majority of the annual nitrogen
flux into a 4 m-wide stream at coniferous sites was from vertical deciduous leaves
(41%) and coniferous needles (19%). Vertical litter from deciduous trees
(deciduous leaves and deciduous-other) contributed 76% of the annual nitrogen
flux into streams at deciduous sites. Lateral inputs at both overstory types
contributed less than 10% of the nitrogen flux into the streams annually.
Median annual lateral C flux of deciduous leaves, deciduous-other,
coniferous needles, and coniferous-other differed by overstory. Vertical C fluxes
for those four litter types, in addition to understory, were all significantly different
between coniferous and deciduous sites (Figure 24). These differences roughly
balanced each other so annual total litter carbon flux was similar at deciduous and
coniferous sites for lateral and vertical inputs (F1,6=2.82, p=0.14; F1,6=3.72,
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p=0.10). The annual vertical total litter C flux was 204 g C m yr at coniferous
sites and 261 g C m-2 yr-1 at deciduous sites. Total carbon flux into 1m length of a
4 m-wide streams was estimated to be 880 g C m-2 yr-1 at coniferous sites and 1154
g C m-2 yr-1 at deciduous sites.
C flux was greatest in autumn and decreased throughout the rest of the year
for lateral (F3,6=23.40, p=0.001) and vertical (F3,6=33.18, p=0.0004) inputs (Figure
25). When calculated as C flux per season, autumn (October-December) had a
greater total C flux than any of the other seasons, even though it was not the longest
season.

32

CHAPTER 4: DISCUSSION
Lateral and vertical litter inputs of varied nutrient concentrations are made
available to local reaches and directly impact local reach invertebrate communities.
Differences in litter inputs due to overstory and topography also have importance to
watershed scale processes. The implications of differing litter inputs to local
reaches and watershed resource budgets need to be considered when assessing the
impacts of deciduous and coniferous dominated riparian forests.
This study captured the relatively predictable delivery of litter to streams,
but did not account for events that result in episodic delivery to streams. None of
our sites had significant tree fall or crown damage that could provide large inputs
from riparian forests to streams. However, an ice storm in January 2004 provided
the potential for greater litter inputs in winter than might occur in years without
such a storm.

Riparian Conditions
The basal area at coniferous sites was greater than that at deciduous sites
and increased with distance from the stream. The increase in basal area with
distance from stream is consistent with that of unmanaged riparian forests in the
Coast Range (Pabst and Spies 1999). Shade cast by closed canopy over these
streams is likely to suppress in-stream autotrophic production and cause them to be
highly dependent on energy from terrestrial sources (Vannote et al. 1980, Gregory
et al. 1991). Red alder was present at the stream at most of the coniferous sites, but
dropped off dramatically 5 m upslope. However, deciduous sites had almost no
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conifers present. Understory canopy cover was higher at deciduous sites, but
similarity among overstory types in understory density, large wood, and spatial
density suggest an equal potential for obstructing lateral litter movement.

Spatial Dynamics of Litter
Overstory Type
Deciduous sites provided significantly more vertical litter inputs at the
stream edge than coniferous sites. Our deciduous sites produced approximately
150 g m-2 yr-1 more litter than red alder riparian sites in the Olympics (Volk et al.
2003), 370 g m-2 yr-1 more than coastal red alder sites of Tarrant and Isaac (1951
cited in Tarrant et al. 1969), and produced more than mixed canopy sites at
Carnation Creek, BC (Neaves 1978). They were similar to non-riparian red alder
sites of Tarrant et al. (1969) and produced less litter than non-riparian red alder
sites in the Oregon Coast Range (Zavitkovski and Newton 1971; Appendix 7).
The coniferous sites in this study produced 390 g m-2 yr-1 more litter than
conifer dominated riparian sites in Olympic National Park (Volk et al. 2003),
approximately 200 g m-2 yr-1 more than a Douglas-fir stand in Washington (Dimock
1958 in Bray and Gorham 1964), 146 g m-2 yr-1 less than old growth Douglas-fir in
the Cascades of Oregon (Abee and Lavender 1972) and 30 to 220 g m-2 yr-1 more
litter than two other old growth Douglas-fir stands in the Cascades of Oregon
(Sedell et al. 1974, Triska et al. 1984). Thus, the forests reported here are within
the range of variation of other forests regionally and globally with respect to their
potential for providing litter subsidies to adjacent stream ecosystems (Appendix 7).
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Coniferous sites would provide similar quantities, but not similar types, of
vertical litter regardless of red alder presence. The similarity in production of our
sites and other coniferous and deciduous dominated sites indicates that other areas
of the Pacific Northwest with similar species and topography may show similar
patterns and have similar implications. Therefore, the analysis of litter inputs at
these coniferous and deciduous sites can elucidate the importance of red alder litter
inputs at local and watershed scales.
Lateral litter inputs from deciduous sites also exceeded inputs from
coniferous sites over the full year. Lateral inputs to streams have been measured
only twice in the Pacific Northwest and only in Cascade Range Douglas-fir
dominated stands. Sedell et al. (1974) extrapolated spring lateral movement to the
whole year and calculated that 547 g m-2 moved laterally each year and Triska et al.
(1984) estimated that approximately 266 g m-2 moved laterally each year.
The two studies in the Pacific Northwest that calculated lateral inputs based
on the area of the trap opening can best be compared to our new study if they are
recalculated based on width of trap opening. The dimensions of each trap mouth in
their study were 0.5 x 0.1 m. The length sampled in meters was 0.5 for each trap,
so we recalculated by dividing the masses by 0.5 m to obtain units of g m-1. When
the Sedell et al. (1974) spring lateral movement is recalculated and extrapolated to
the year, 55 g m-1 yr-1 moved laterally. Triska et al. (1984) reported nitrogen
concentrations and flux and can be recalculated similarly; recalculated lateral inputs
for Triska et al. (1984) were 26 g m-1 yr-1.
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These estimates (55 and 26 g m yr ) are smaller than our estimate of 63 g
-1

-1

m-1 yr-1 (28.9-96.6) even though their common study site had slopes up to 90%.
Because Sedell et al. (1974) did not report lateral inputs in the fall months, and we
found fall lateral inputs to be higher than spring inputs, their annual extrapolation
likely underestimates the true annual value (Figure 14). Comparison of our lateral
input estimates to those of Triska et al. (1984) and Sedell et al. (1974) suggests a
broad degree of similarity in lateral litter inputs in young forests compared to older
steeper Cascade Range Douglas-fir forests.
There have been no previous deciduous site lateral input studies in the
Pacific Northwest. Lateral inputs in deciduous dominated riparian stands of the
central Coast Range are higher than (Fisher and Likens 1973, Conners and Naiman
1984) or similar to (Webster and Waide 1982) those of deciduous and mixed
forested stands in other parts of the world.
When comparing lateral percent of total inputs, half of the studies around
the world show lateral inputs less than 25%, but some show total inputs dominated
by lateral inputs (Table 11). There are, however, calculation issues in comparing
these studies with one another. For example, studies in Douglas-fir stands in the
Cascade Range of Oregon reported that lateral inputs were 50-60% of total inputs
to streams (Sedell et al. 1974, Triska et al. 1984). These two studies, however,
calculated lateral inputs on a trap area basis and their calculation of total stream
inputs included the area of water intercepting litter and only one stream bank. Only
those studies that calculated the lateral inputs for the area of trap mouth instead of
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on a linear basis report a majority of inputs moving laterally. The proportion of
lateral litter stream inputs from our coniferous sites (7.4% (4.1-9.7) of total inputs)
and deciduous sites (9.8% (7.8-11.3) of total inputs) are at the low end of the
spectrum of percentages reported in the literature, in part because they were based
on lateral trap width, not area. With calculations based on trap width for a 1 mwide stream, Sedell et al. (1974) and Triska et al. (1984) lateral inputs comprised
23% of total inputs. If this was recalculated for a 4 m stream, as we used, the
lateral contribution drops to 7%, very similar to our 7.4% (4.1-9.7) at coniferous
sites. We conclude that the manner by which stream inputs are calculated,
combined with width of streams considered, greatly influences the reported
importance of lateral inputs. A standard method of calculating inputs is needed.
Our sites are within the range of productivity of other Pacific Northwest
deciduous and coniferous stands. Because of the differences in litter inputs at
coniferous and deciduous sites, the longitudinal arrangement of riparian forests in a
drainage becomes important. Red alder dominated streams here, or elsewhere in
the Pacific Northwest, supply more litter to local stream reaches. In addition, with
high red alder presence longitudinally, cumulative effects of many small red alder
dominated streams exporting litter results in high delivery of litter to downstream
reaches. Alternating reaches of deciduous and conifer riparian forest may act
synergistically to improve conditions for fish by supplying both greater inputs from
red alder and wood and shade characteristic of conifer dominated reaches (Gregory
et al. 1990, Naiman et al. 2000).
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Role of Topography
Lateral inputs increased with increasing lateral slope (Figure 9) at
deciduous sites but not conifer dominated sites. At deciduous sites with 64% slope,
our analysis predicted that 100 additional grams of litter would enter each meter of
a stream’s edge each year over estimates when slope is 0%. Steep lateral slopes not
only shade streams from light and increase their dependence on terrestrial inputs
but at deciduous sites, they provide more litter to streams. Each 100 m stream
reach with a steep lateral slope (approximately 64% slope) would receive 20 kg (44
pounds!) more each year than each 100 m stream reach with flat lateral slopes.
Even average slopes (24%) at our deciduous study sites were estimated to have
inputs of 110 g, 50% more litter than from flat slopes (Figure 9). Slope appears to
be an important control on the delivery of lateral inputs from deciduous forests to
streams.
While slope affects the lateral inputs to streams, in flat topography, we
estimated that 73 g (39-109) of litter would move laterally into each meter of a
streams edge annually at deciduous sites. These lateral inputs estimated from flat
slopes are 40% of the inputs at steep slopes, but it is unclear how they reach the
stream in the absence of slope. Wind (Orndorff and Lang 1981, Conners and
Naiman 1984) and wetting and drying cycles that create attached clumps of
material (Triska et al. 1984) have been suggested as important controls of lateral
litter movement in other systems. Wind is a possible control in our system, but
would likely be important only on small spatial scales because of the extremely
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dense nature of Oregon Coast Range riparian forests. Spatial density was greater
than 50% obstructed up to 40 cm off the ground at 2 m distances and greater than
80% obstructed at 5 m distances. Wetting and drying cycles creating larger clumps
of material that are more susceptible to gravity do not apply on flat slopes and do
not help explain the movement of litter on flat topography.
Annual coniferous site lateral litter inputs were not affected by lateral slope.
Coniferous site lateral litter analyzed temporally was less strongly related to slope
than deciduous sites but did show significant correlations in winter and
significantly positive correlations in spring/summer seasons. The transient
relationship between slope and lateral inputs at coniferous sites suggests that
variable quantities of litter moved laterally in autumn regardless of slope but that
the lesser lateral inputs are reliant on slope to be provided to streams in spring.
Lateral inputs to streams at deciduous sites were recorded on flat
topography and were increased by greater slopes in all seasons. Our results
indicate that steep topography at deciduous sites will further increase the quantity
of litter delivered to streams, especially in winter months. Comparisons to the few
Pacific Northwest lateral input studies need to be carefully conducted because of
the significant effect that unit calculations have on the reported importance of
lateral inputs. More research is needed to better understand the quantities and
relative importance of lateral movement in stream food webs, particularly at
deciduous sites.
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Role of Obstructions
Previous studies observed lateral movement reduction by the presence of
vegetation (Dawson 1976, Conners and Naiman 1984, France 1995). Our study is
unique in that we manipulated vegetation presence to understand the effect of
understory plants on lateral movement. While we made similar observations to
previous studies, there was no relationship between understory density and lateral
inputs in our study.
Litter did move laterally, as evidenced by traps near the stream, even on
relatively flat topography, and was moving less than 5 m. We believe that litter
entering streams from lateral sources may have moved 0.5-2 m in distance, rather
than 5 m or greater. A travel distance of 2 m for lateral litter is 25% less obstructed
than distances of 5 m, so a shorter travel distance than 2 m is likely.

Temporal Dynamics of Litter
The few studies of seasonal patterns of litterfall for red alder dominated
stands in the Pacific Northwest have focused on the nitrogen enrichment (Tarrant et
al. 1969) or the productivity of red alder in a stand (Tarrant and Trappe 1971,
Zavitkovsky and Newton 1971, Gessel and Turner 1974) and removed portions of
their samples so that they were only sampling the litter production from red alder,
rather than red alder and an associated community (Radwan et al. 1984). In
contrast, our goal was to understand the resources provided to streams from the
entire communities associated with deciduous or coniferous overstory species.
Thus, our research is the first of litter inputs of the red alder community as a whole,
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that we are aware of, and adds to the prior understanding of litter production of the
single species.
Temporal variation in inputs of deciduous litter types caused a bimodal
pattern of litter inputs. There was a large pulse of deciduous leaves in autumn and
a smaller pulse in summer at both overstory types. A pulse of deciduous leaves in
autumn months is completely expected for hardwoods. Bray and Gorham (1964)
said that Alnus spp. were different from other hardwoods by having brown leaves
shed in autumn and green leaves shed in summer. In a mixed riparian forest in
British Columbia (Neaves 1978), old growth Douglas-fir in the Cascades (Triska et
al. 1984), and red alder dominated riparian forest in Olympic National Forest (Volk
et al. 2003) however, there were not secondary pulses of deciduous leaves in
summer even though deciduous leaf inputs were reported in other months.
A moderate pulse of deciduous-other, consisting of red alder pistillate and
staminate catkins, seeds, and bud scales, also occurred in early spring at deciduous
and coniferous sites. Seeds and catkins were observed in overwhelming
proportions during the months of March and April at deciduous sites. This is
consistent with patterns witnessed at stands dominated by red alder in the Olympics
(Volk et al. 2003) and old growth Douglas-fir in the Cascade Range (Triska et al.
1984). Few additional studies have noted non-autumn pulses of litter input from
deciduous sources (Sedell et al. 1974). The study that reported the deciduous-other
pulses did not identify nutrient concentrations of those portions or explicitly discuss
the relative importance of non-leaf litter portions to streams. This addition of
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material from deciduous sources in spring/summer, with high nitrogen
concentrations, supplements the large autumnal pulse of litter. The fall detritus that
was retained in the stream would by then be conditioned and largely consumed
(Sedell et al. 1975); these new additions with high nutrient concentrations could
supplement a waning supply of deciduous-leaves (Anderson and Sedell 1979).
Though Douglas-fir vertical litterfall has been described as having no
seasonal trend (Bray and Gorham 1964), our study suggests that riparian coniferous
sites had more regular inputs of different litter types that vary seasonally because
they had a red alder component. If red alder was absent at conifer dominated sites,
our data indicates a bimodal pattern of coniferous needles in fall and twigs in
winter. In contrast, an old growth Douglas-fir riparian forest in the Cascades of
Oregon exhibited a unimodal pattern without deciduous inputs (Sedell et al. 1974).
November was a pivotal month differentiating coniferous and deciduous
sites from one another. Deciduous sites had 141 g m-2 month-1 more total litter in
November than coniferous sites. This difference in November was entirely
attributable to deciduous leaf fall (175 g m-2 at deciduous and 37 g m-2 at
coniferous sites). The differences between overstory types for the other litter types
ranged from 0 to 17 g m-2 and were small in comparison to the 141 g m-2 of
deciduous leaves.
January was also a month when vertical total litter inputs differed between
overstory types. Vertical input at coniferous sites (83 g m-2) was much more than
at deciduous sites (13 g m-2) in January. The majority of this difference is due to a
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single litter type, twigs; there were 54 g m more at coniferous sites. Deciduous-2

other, coniferous needles and other, and leftover litter types were all greater at
coniferous sites, but together only contributed 16 g m-2 more at coniferous sites.
This is likely due to an ice storm during the January collection period that
dramatically increased the twig input over other litter types.
Lateral inputs were greatest November through January but the relative
importance of lateral inputs was highest in winter months at both types. Deciduous
sites had lower vertical inputs and higher lateral litter inputs in winter months than
other months, which increased the importance of lateral inputs to the total. A
number of other studies found greatest lateral litter movement in autumn
(McDowell and Fisher 1976, Winterbourn 1976, Moser 1991), but we have not
seen any literature about how the relative proportions of vertical or lateral inputs
change through time. Inputs during winter months would be subject to export from
local stream reaches during high winter storm flows that characterize these coastal
Pacific Northwest streams. Therefore, the winter lateral inputs to streams provide
significantly to local reaches and also significantly to delivery of material to
downstream reaches.
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Aquatic Impacts
The distinct pattern of litter inputs at deciduous sites is one to which aquatic
invertebrates have adjusted their life histories (Cummins 1974). Terrestrial input
exclusion experiments have suggested that altering resources provided can
dramatically alter the biotic communities in streams (Nakano et al. 1999). Leaf
processing by the microbial community makes leaves palatable to invertebrates
(Triska et al 1975). Invertebrates can not subsist on conditioned leaves alone, so
the renewed inputs throughout the year, like those at our coniferous sites, are
valuable to aquatic food webs (Anderson and Sedell 1979). One could argue that
inputs in winter could be even more important to the local reach because they
renew resources that have been removed by high flows or were already highly
conditioned. The detritus removed by high flows is generally less than 50% of the
annual inputs (Anderson and Sedell 1979), but flow-depletion of resources is
unlikely to remove all litter types equally.
The supply of detritus is maintained through the year because litter types
decay at different rates and those that decay slowest tend to be eaten last (Sedell et
al. 1974, Anderson and Sedell 1979). Overall, litter from deciduous sources had
higher nitrogen concentrations, so would be preferred for colonization, but could be
completely consumed by spring months (Sedell et al. 1974, Anderson and Sedell
1979). The continued input of lower nitrogen concentration litter may further
stabilize the food web by providing secondary and tertiary choices for colonization
after primary sources are depleted (Sedell et al. 1974, Anderson and Sedell 1979).

44
In the systems we studied, if we assume that half of the litter was retained, there
would be 1500-2000 g available in each meter-length of the local stream reach.
Colonization would occur at higher nutrient concentration items first (e.g.,
deciduous leaves, deciduous-other or understory) and less desirable items
(coniferous needles and coniferous-other) not exported, would be colonized and
consumed later.

Nutrient Dynamics of Litter
Litter Quality
Litter inputs from deciduous sites, regardless of trap type, generally had a
similar or higher nitrogen concentration than litter from coniferous sites. The range
of total litter percent nitrogen at coniferous sites was nearly 2 times that reported
for total litter from Douglas-fir dominated stands in Washington (Edmonds 1987,
Volk et al. 2003). Nitrogen concentrations in our current study may be higher
because sites in the Olympic National Park are generally young, nitrogen poor
soils; moreover, that study did not have red alder components within their
coniferous sites (Volk et al. 2003).
Nitrogen concentrations of vertically-collected individual litter types in our
study were largely similar to studies conducted in the Pacific Northwest. Needle
nitrogen concentration at coniferous and deciduous sites (0.91% N (0.6-1.2) and
1.01% N (0.7-1.3)) were either similar (Scott 2004) or higher than other studies
(Abee and Lavender 1972, Anderson et al. 1978, Sollins et al. 1980, Valachovic
1998). Deciduous leaves at deciduous (2.3% N (2-2.6)) and coniferous (2.4% N
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(2.1-2.7)) sites in our study were consistent with estimates from Anderson et al.
(1978) and Valachovic et al. (1998). Nitrogen concentrations of twigs from our
coniferous (1.14% N (0.8-1.4)) sites were higher than estimates reported in Abee
and Lavender (1972; 0.38% N), Edmonds (1987; 0.47% N) and Anderson et al.
(1978; 0.2% N). This is likely elevated because our coniferous site twig samples
had red alder twigs included, which individually had a percent nitrogen value closer
to 1.5% (1.51-1.53) and Douglas-fir twigs from these sites had values of 0.50% N
(0.49-0.51). Concentrations of nitrogen in understory leaf litter were higher at
deciduous (2.6% N (2.3-3.0) than coniferous (1.8% N (1.5-2.1)) sites. The few
studies that report the nitrogen concentration of Pacific Northwest understory
species had values much lower than ours (Anderson et al. 1978, Valachovic 1998).
Part of the disparity could be the exclusion of twigs from our understory samples.
Consistent with Pacific Northwest literature, red alder litter had greater
nitrogen concentrations than conifer litter. Other litter types produced on red alder
dominated sites also tended to have equal or higher nitrogen concentrations than
those at coniferous sites. Vertical percent nitrogen was higher at deciduous sites
for understory and leftover litter but within our study concentration was generally
driven by the litter type, not its location. The prior or current presence of N-fixing
red alder (Scott 2004), which increases soil N (Tarrant et al. 1969, Zavitkovski and
Newton 1971), enables Douglas-fir to maintain higher nitrogen concentrations in its
foliage. The higher nitrogen concentrations, irrespective of litter type, associated
with a red alder legacy clarify some of the differences in nitrogen concentrations of
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single litter types within the Pacific Northwest. In addition to a future legacy, the
inclusion of red alder in conifer sites may confer both direct and indirect effects on
nitrogen delivery to streams.
Carbon concentrations were generally consistent across litter types (4852%), although concentrations were lower in understory (46% C (44-48)) and
leftover (39% C (37-42)) litter types than other types. Values for understory and
leftover litter types were lower than conventional wisdom would suggest, even for
lateral litter. The low carbon levels in the leftover may be because of mineral
matter getting incorporated with other litter or within the insect frass that
dominated leftover samples in the spring or slug fecal matter that was missed in
sorting. It is also possible that leftover litter types may have undergone some decay
prior to capture, and were more oxidized than the other litter types and had low
carbon concentrations as a result.
The low C:N ratios of lateral litter compared to vertical litter indicated that
the lateral litter was more conditioned. This is consistent with retained nitrogen
and loss of soluble labile carbon in red alder, big leaf maple, and Douglas-fir litter
during leaching (Harmon et al. 1990). Therefore, litter moving laterally had less
labile carbon available to consumers and would likely be conditioned slower by
aquatic microbes. The prior loss of labile carbon in lateral litter also reduces the
direct contribution possible to dissolved organic carbon delivered downstream.
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Nutritional Fluxes
Vertical inputs contribute 93% at deciduous sites and 88% at coniferous
sites of the total nitrogen flux into any length of 4 m-wide stream. The annual
vertical N flux at deciduous sites was 10.0 g N m-2 yr-1 and 4.8 g N m-2 yr-1 at
coniferous sites. Our estimates are larger than nitrogen fluxes from red alder and
Douglas-fir riparian forests in Olympic National Park (Volk et al. 2003). At
coniferous sties, differences in vertical litter flux were likely the result of four times
more litter inputs and nearly two times higher nitrogen concentrations. The high
nitrogen status of Coast Range soils (Perakis et al. 2006) could explain why both
litter production and litter nitrogen concentrations reported here were higher than
stands of similar composition in Olympic National Park (Volk et al. 2003).
The considerably higher nitrogen flux at deciduous compared to coniferous
sites results from a combination of litter quantity and quality differences.
Deciduous sites generally have higher nitrogen concentrations than coniferous sites
and greater quantities of inputs. The quantity of inputs is important to total
nitrogen inputs in these systems but the quality of litter inputs is primarily what
differentiates our coniferous and deciduous sites. Deciduous sites had 59% higher
vertical litter nitrogen concentrations than coniferous sites, but only 28% greater
mean annual vertical litter inputs. This indicates that the difference in nitrogen
concentrations is the primary driver of vertical flux differences between overstory
types. Deciduous lateral litter nitrogen concentrations, however, were 54% higher
than coniferous sites and the quantity of annual lateral inputs were 73% higher.
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This indicates that the quantity of lateral litter inputs was driving the greater lateral
N flux at deciduous sites.
It is possible to compare litterfall into streams with other nitrogen fluxes for
this region to assess the potential importance of riparian subsidies to watershed
level nitrogen budgets. Vertical nitrogen flux of 10 g N m-2 yr-1 at deciduous sites
and 4.8 g N m-2 yr-1 at conifer sites was within the range found by most researchers
in the Pacific Northwest (Tarrant et al. 1969, Gessel and Turner 1974, Radwan et
al. 1984, Volk et al. 2003). These vertical fluxes, combined with lateral fluxes, can
be calculated as total nitrogen flux to each meter length of a standard stream.
Comparison of N flux due to litter inputs from riparian forests and other sources
can indicate the relative importance of each to watershed scale N budgets.
Pure alder stands can fix 100-200 kg N ha-1 yr-1 (Binkley et al. 1994) and
may receive precipitation inputs of approximately1 kg N ha-1 yr-1 (Fredriksen
1972). Throughfall inputs of a minimum of 3 kg N ha-1 yr-1 (Abee and Lavender
1972) could be expected in coniferous or deciduous stands. Portions of these
nitrogen inputs from the terrestrial system, plus stream inputs of 43 g N m of
stream-1 yr-1 at deciduous and 21 g N m of stream-1 yr-1 at coniferous sites,
constitute the nitrogen available to be retained or exported from the local stream
reach.
Using a drainage density of 2.3 km of stream per km2 that we calculated for
the study area (Miller et al. 2006), we estimated the potential stream nitrogen
exports attributable directly to litter inputs. By this approach, coniferous
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dominated riparian zones would have potential exports of approximately 0.05 g N
m-2 yr-1 from watersheds. These would be similar to long term records from old
growth Douglas-fir in the Oregon Cascades (Vanderbilt et al. 2003). Watersheds
with deciduous dominated streams were estimated to have potential exports of 0.1 g
N m-2 yr-1. Watersheds with little red alder export approximately 0.2 g N m-2 yr-1,
but exports can increase to 3 g N m-2 yr-1 when watershed red alder cover increases
to 80% (Compton et al. 2003).
The contributions from deciduous and coniferous riparian forests to
watershed N budgets differ substantially. Potential export of 0.1 g N m-2 yr-1 due
solely to litter inputs suggest that in a watershed without a lot of red alder upslope,
the riparian zone red alder would contribute a large proportion of N export. In
watersheds with red alder in and outside of the riparian zone, our data suggest that
the potential nitrogen export due to deciduous litter inputs is a small proportion of
watershed nitrogen export. In watersheds with conifer dominated riparian zones
and uplands our results suggest that the presence of red alder could increase
nitrogen flux substantially.
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CHAPTER 5: CONCLUSION
Deciduous sites provided more litter to streams, especially when they had
steep topography, than coniferous sites of all slopes. Lateral inputs were
quantitatively greatest in autumn months for both overstories, but were
proportionately most important in winter. Lateral litter inputs originate less than 5
m from the stream and are unaffected by understory density. The similarity in litter
production, seasonal patterns, and lateral movement in relation to topography to
other areas in the Pacific Northwest suggest that conclusions about differences
between deciduous and coniferous riparian forests may apply to other areas in the
Pacific Northwest also.
Coniferous sites with red alder present had less nutrient flux into streams
than deciduous sites but more uniform inputs were provided with higher nutrient
concentrations. Our study and others in the Oregon Coast Range document
increased nutrient concentrations due to current or past red alder presence. The
importance of seasonal nutrient fluxes to food webs is contingent on other factors
like temperature and invertebrate communities that are outside the scope of this
project. Understanding of conditioning and decomposition of detritus and its effect
on invertebrate, amphibian and fish diets is being enhanced by other CFER
researchers. The synthesis of this information from our study and others focusing
on terrestrial species will provide comprehensive understanding of many features
provided by deciduous and coniferous communities.
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Red alder is a species that can alter its environment dramatically and the
interaction of its impacts on the terrestrial and aquatic environments are complex.
The central Oregon Coast Range has red alder along streams immediately adjacent
to conifer dominated stands of similar topography. This creates an ideal location to
better understand the role of these two communities and enhance the ecological
understanding of the interactions between aquatic and terrestrial systems. The
implications of alternating reaches of red alder and conifer riparian forest include
consistent supply of litter downstream of different qualities through the year,
increased nitrogen export due to red alder litter inputs, and higher nitrogen
concentrations of coniferous litter types.
Our results suggest that red alder dominated riparian zones of the central
Oregon Coast Range have significantly different quantity, timing, and quality of
leaf litter inputs to streams than conifer dominated forests. Varied topography
adjacent to streams with red alder dominated overstory has greater impact on the
quantity, quality, and timing of total inputs than at coniferous sites. The
cumulative effects from many small red alder dominated streams exporting to
downstream reaches include more pronounced seasonality of litter delivery, with
greater carbon and nitrogen loading annually, than expected from conifer
dominated streams. Differences in overstory and topography in Oregon Coast
Range riparian forests directly impact the delivery of nutrients and can affect the
structure and composition of food webs in these ecosystems.
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TABLES
Table 1: Sixteen study sites selected in the central Oregon Coast Range were named after the stream they are adjacent to.
The site abbreviations, overstory categorizations, latitude, longitude, and elevation are listed below.
Site Name

Abbreviation

Overstory
Category

Latitude

Longitude

Elevation (m)

Billy Tower
Congdon
Lake
Racks
S. Fork Alsea
Slide
Spout
Yew
Coleman
E. Fork Lobster
Fall
Honeygrove
Klickitat
Lobster
Record
Tobe

BIT
CON
LAC
RAC
DED
SLI
SPO
YEW
COL
EFL
FAL
HON
KLI
LOB
REC
TOB

Coniferous
Coniferous
Coniferous
Coniferous
Coniferous
Coniferous
Coniferous
Coniferous
Deciduous
Deciduous
Deciduous
Deciduous
Deciduous
Deciduous
Deciduous
Deciduous

44.3° 15' 43.4"N
44.2° 14' 8.2"N
44.3° 15' 56.9"N
44.5° 27' 32.4"N
44.3° 18' 41.9"N
44.4° 26' 47.5"N
44.6° 33' 12.3"N
44.5° 28' 57.9"N
44.3° 18' 13.7"N
44.2° 14' 58.2"N
44.4° 26' 33.2"N
44.4° 23' 1.6"N
44.5° 28' 59"N
44.2° 13' 42.6"N
44.3° 19' 39.1"N
44.3° 20' 13.4"N

123.5° 30' 17.6"W
123.5° 32' 54.2"W
123.5° 32' 8.3"W
123.6° 38' 32.3"W
123.5° 28' 13.7"W
123.6° 35' 24.1"W
123.7° 41' 2.4"W
123.5° 32' 56"W
123.5° 29' 48.2"W
123.6° 37' 13.3"W
123.7° 43' 23.9"W
123.5° 31' 35.8"W
123.7° 40' 16.3"W
123.6° 37' 30.3"W
123.6° 37' 33"W
123.6° 34' 43.6"W

282
267
445
344
299
384
82
588
329
209
163
139
379
247
145
113

58

59
Table 2: Average diameter at breast height (dbh) of sampled live trees, average
bankfull width, and slope 0-25 m are listed for each site. Shaded rows are
coniferous sites and those un-shaded are deciduous sites. Means are listed with the
95% confidence intervals (CI) in parentheses.

BIT
CON
LAC

Average dbh of
sampled live trees
(cm)
31.6 (27.4-35.8)
26.8 (25.2-28.3)
32.5 (29.4-35.6)

RAC
DED
SLI
SPO
YEW
COL
EFL
FAL
HON
KLI
LOB
REC
TOB

38.2 (30.1-46.4)
38.3 (34.1-42.5)
42.2 (29.6-54.8)
35.0 (32.0-38.0)
32.8 (29.7-36.0)
23.4 (21.3-25.4)
29.6 (26.2-33.0)
27.0 (24.7-29.3)
30.7 (28.1-33.3)
27.6 (25.4-29.9)
25.4 (23.6-27.3)
29.4 (27.3-31.4)
27.1 (25.6-28.6)

Site

Average bankfull
width (m)

Site level slope
0-25 m (%)

3.2
3.8
1.0

9.8 (8.9-10.6)
1.5 (0.8-2.1)
48.7 (38.3-59)

3.2
1.0
2.4
3.7
2.0
3.2
4.4
5.2
2.8
3.0
3.5
2.0
2.8

33.2 (30.2-36.1)
40.2 (32.6-47.7)
55.1 (47.1-63)
13.9 (11.8-15.9)
33.8 (18.6-48.9)
6.2 (2.7-9.7)
3.2 (1.6-4.8)
20.5 (18.8-22.2)
6.2 (-1.2-13.6)
6.1 (4.2-8)
64.0 (47.8-80.2)
49.1 (44.4-53.8)
37.4 (31.4-43.4)
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Table 3: Median live tree slope corrected total basal area (m2 ha-1) was analyzed
with a three-way ANOVA (overstory x treatment x section with interactions).
Median basal area with 95% confidence intervals in parentheses had an interaction
between section and overstory (F5,771=4.07, p=0.001) separate from an interaction
between section and treatment (F15,771=2.77, p=0.0003). Only differences for the
interaction of overstory and section are shown below.
Section (Distance upslope
from stream (m))

Coniferous

Deciduous

0 (0-5 m)

15.26
(16.7-26.9)

13.89
(11.3-16.9)

5 (5-10 m)

21.24
(16.7-26.9)

14.42
(11.4-18.2)

10 (10-15 m)

17.86
(13.8-23.0)

14.34
(11.4-18.0)

15 (15-20 m)

24.29
(19.4-30.4)

12.53
(9.9-15.8)

20 (20-25 m)

24.46
(18.9-31.6)

13.66
(10.8-17.3)

Table 4: Median canopy cover percent (95% CI) for total, deciduous, coniferous and shrub canopies were analyzed with
a three-way ANOVA (overstory x treatment x section with interactions). All four canopy cover type medians had a
significant interaction between overstory and section and results from each ANOVA are listed in the table. Each of these
estimates was back transformed from the logit function and is now percent canopy cover.
Section
(Distance
from stream
(m))
Site Type

Total canopy cover

Deciduous canopy cover

Coniferous canopy cover

Shrub canopy cover

Coniferous

Deciduous

Coniferous

Deciduous

Coniferous

Deciduous

Coniferous

Deciduous

Stream (0)

97.3%
(94.8-98.6)

98.5%
(96.9-99.2)

71.7%
(41.9-89.8)

98.3%
(94.1-99.5)

25.9%
(9.2-54.6)

0.5%
(0.1-2.1)

0.4%
(0.1-1.6)

0.5%
(0.1-1.8)

0 (2.5)

98.7%
(97.6-99.3)

98.4%
(96.9-99.1)

66.8%
(36.4-87.5)

71.7%
(41.9-89.8)

76.2%
(48.3-91.6)

0.4%
(0.1-1.6)

1.4%
(0.4-4.4)

12.8%
(4.3-32.6)

5 (7.5)

97.8%
(95.8-98.9)

95.9%
(92.2-97.8)

20.5%
(6.8-47.4)

98.4%
(94.6-99.5)

91.1%
(75.0-97.2)

0.4%
(0.1-1.6)

2.4%
(0.7-7.6)

35.4%
(14.3-64.2)

10 (12.5)

98.8%
(97.7-99.4)

96.4%
(93.3-98.1)

9.2%
(2.8-26.2)

95.9%
(87.0-98.7)

97.7%
(92.6-99.3)

0.6%
(0.1-2.1)

1.6%
(0.5-5.2)

27.3%
(10.2-55.2)

15 (17.5)

98.9%
(97.9-99.4)

96.0%
(92.4-97.9)

4.4%
(1.3-14.0)

96.3%
(88.1-98.9)

98.6%
(95.4-99.5)

0.4%
(0.1-1.6)

1.9%
(0.6-6.1)

39.6%
(16.7-68.3)

20 (22.5)

98.4%
(96.9-99.1)

95.8%
(92.1-97.8)

12.2%
(3.8-32.8)

96.0%
(87.2-98.8)

95.9%
(87.3-98.7)

0.8%
(0.2-2.8)

1.2%
(0.3-3.9)

38.9%
(16.2-67.6)

ANOVA

F6,373=2.86, p=0.01

F6,373=3.17, p=0.005

F6,373=14.3, p<0.0001

F6,373=3.01, p=0.007
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Table 5: Understory vegetation and large wood measurements from first 10 m
adjacent to the stream. All variables were analyzed with a three-way ANOVA with
main effects and interactions of overstory, treatment and section included. All
values are medians back transformed from log, logit or square-root transformations.
The first six variables were uniform across overstory, treatment, and section.
Understory non-woody plant and canopy cover differed by overstory.
Coniferous

Deciduous

Understory basal cover
%

0.02
(0.01-0.03)

0.02
(0.01-0.024)

Understory number of
stems (# m-2)

2.7
(2.2-3.3)

2.3
(1.9-2.8)

Understory area of
stems (cm2 m-2)

1.7
(1.5-2.0)

1.9
(1.5-2.2)

Understory
groundcover cover %

3.3
(1.5-7.1)

9.2
(4.4-18.5)

Understory dead cover
%

2.6
(1.0-6.3)

1.9
(0.7-4.6)

Large wood cover %

1.2
(0.4-3.6)

1.2
(0.4-3.5)

Coniferous

Deciduous

Understory non-woody
plant cover %

0.49
(0.15-1.6)

4.9
(1.6-14.6)

Visually estimated
understory cover %

12.6
(9.7-15.9)

31.3
(26.5-36.5)

Table 6a: Obstructive spatial density percent (95% CI) at 2 m distances back transformed after a logit transformation.
Spatial density was analyzed with a model that included main effects and interactions of overstory, treatment, and
section (0 and 5 m sections). Spatial density at 2 m distances, regardless of height off ground, indicated significant
interactions of treatment and section. The table lists the obstructed percent of the upper or lower part of the board at 2 m
distances before treatments were applied.
Control

Cut

Five

Ten

Om from
stream

5m from
stream

Om from
stream

5m from
stream

Om from
stream

5m from
stream

Om from
stream

5m from
stream

Spatial density 0-20 cm height,
2 m distance

72
(61-81)

70
(59-79)

69
(58-78)

77
(67-84)

78
(69-86)

63
(51-74)

72
(61-81)

71
(60-80)

Spatial density 20-40cm
height, 2 m distance

48
(35-61)

50
(37-63)

52
(39-65)

66
(53-77)

69
(56-79)

42
(30-55)

52
(39-64)

55
(41-67)

63

Table 6b: Obstructive spatial density percent (95% CI) at 5 m distances back transformed after a logit transformation.
Spatial density was analyzed with a model that included main effects and interactions of overstory, treatment, and
section (0 and 5 m sections). Spatial density at 5 m distances, regardless of height off ground, indicated significant
interactions of overstory and section. The table lists the obstructed percent of the upper or lower part of the board at 5 m
distances.
Coniferous

Deciduous

Om from
stream

5m from
stream

Om from
stream

5m from
stream

Spatial density 0-20 cm height,
5 m distance

92
(90-94)

94
(92-95)

94
(92-96)

93
(90-95)

Spatial density 20-40cm
height, 5 m distance

88
(82-93)

91
(86-94)

91
(86-94)

88
(82-92)
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Table 7: Large wood measurements in each plot were recorded. The number of
large wood pieces was analyzed with a Poisson distribution using a three-way
ANOVA with main effects and interactions of overstory, treatment and section.
The mean total number of large wood pieces (95% CI) was uniform regardless of
overstory type, treatment or distance upslope. The three other variables listed
below were analyzed using a two-way ANOVA with main effects and interactions
of overstory and treatment. Logs that lay across the plot boundary were also
recorded as being a) on the ground b) perpendicular to the plot boundary and c) of a
decay class <3. These three categories were combined to become the mean total
numbers of logs on ground, obstructive and on ground, and low decay, obstructive,
and on ground. All three of these parameters were uniform for all overstory types
and treatments.
Coniferous

Deciduous

total number of logs

0.71
(0.54-0.89)

0.78
(0.60-0.97)

Total number of logs on
the ground

0.48
(0.35-0.60)

0.51
(0.38-0.65)

Total number of logs on
the ground perpendicular
to the plot boundary

0.16
(0.10-0.23)

0.22
(0.14-0.30)

Total number of logs of
low decay class on the
ground perpendicular to
the slope

0.15
(0.08-0.22)

0.20
(0.12-0.28)
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Table 8a: Mean and median annual litter type lateral inputs (95% CI) were
analyzed with a one-way ANOVA using overstory as a main effect and type three
tests of fixed effects are shown below. Estimates with * are medians back
transformed from a log transformation and untransformed means have no symbols.
The center of distributions that required transformation are best estimated by the
back transformed median for use in comparisons with untransformed means.
Italicized percents are the percent of that litter and trap type from the total of that
overstory type; columns sum to 100%.
Lateral (g m-1 yr-1)
Coniferous
Deciduous

ANOVA

Coniferous
needles

9.65*
(2.5-37.2)
16.8%

0.21*
(0.05-0.8)
0.2%

F1,6=24.17, p=0.003

Coniferous-other

1.06*
(0.2-6.3)
1.8%

0.03*
(0.006-0.2)
0.03%

F1,6=10.41, p=0.02

Deciduous leaves

19.02
(-4.3-42.3)
33.1%

58.35
(34.9-81.7)
61.4%

F1,6=8.49, p=0.03

Deciduous-other

2.71
(-3.9-9.3)
4.7%

11.84
(5.3-18.4)
12.5%

F1,6=5.76, p=0.05

Twig

13.28*
(6.9-25.5)
23.1%

5.48*
(2.9-10.5)
5.8%

F1,6=5.5, p=0.06

Understory

1.59
(-0.1-3.3)
2.8%

4.44
(2.7-6.2)
4.7%

F1,6=8.3, p=0.03

Leftover

10.23*
(4.6-22.5)
17.8%

14.67*
(6.7-32.3)
15.4%

F1,6=0.62, p=0.46

67
Table 8b: Mean and median annual litter type vertical inputs (95% CI) were
analyzed with a one-way ANOVA using overstory as a main effect and type three
tests of fixed effects are shown below. Estimates with * are medians back
transformed from a log transformation and untransformed means have no symbols.
The center of distributions that required transformation are best estimated by the
back transformed median for use in comparisons with untransformed means.
Italicized percents are the percent of that litter and trap type from the total of that
overstory type; columns sum to 100%.
Vertical (g m-2 yr-1)
Coniferous
Deciduous

ANOVA

Coniferous
needles

76.83*
(18.8-314.4)
23.5%

1.26*
(0.3-5.1)
0.3%

F1,6=25.49, p=0.002

Coniferous-other

9.23*
(3.2-26.6)
2.8%

0.36*
(0.1-1.0)
0.1%

F1,6=28.32, p=0.002

Deciduous leaves

107.65
(-4.7-220.1)
32.9%

306.63
(194.2-419.0)
65.4%

F1,6=9.38, p=0.02

Deciduous-other

28.03
(-6.3-62.3)
8.6%

70.09
(35.8-104.4)
14.9%

F1,6=4.5, p=0.08

Twig

67.81*
(27.8-165.4)
20.7%

41.5*
(17.0-101.2)
8.8%

F1,6=0.91, p=0.38

Understory

1.65*
(0.4-7.1)
0.5%

14.18*
(3.3-61.2)
3.0%

F1,6=6.48, p=0.04

Leftover

35.82
(5.9-65.7)
11.0%

35.04
(5.2-64.9)
7.5%

F1,6=0.0, p=0.97

Table 9: Correlation r values (and p values) for seasonal control plot lateral litter inputs compared to linear averages over
increasing distances from the stream edge at coniferous and deciduous sites. Bold indicates those that are suggestive of a
linear relationship.
0-5 m

0-10 m

0-15 m

0-20 m

0-25 m

Coniferous

-0.05
(0.906)

-0.017
(0.968)

-0.095
(0.823)

-0.250
(0.549)

-0.342
(0.408)

Deciduous

0.545
(0.1627)

0.428
(0.290)

0.684
(0.062)

0.788
(0.020)

0.830
(0.011)

Coniferous

0.654
(0.078)

0.449
(0.264)

0.3486
(0.3975)

0.411
(0.312)

0.379
(0.355)

Deciduous

0.613
(0.106)

0.440
(0.275)

0.666
(0.072)

0.753
(0.031)

0.789
(0.019)

Coniferous

0.721
(0.044)

0.667
(0.071)

0.579
(0.133)

0.451
(0.262)

0.379
(0.354)

Deciduous

0.815
(0.014)

0.728
(0.041)

0.835
(0.011)

0.830
(0.011)

0.806
(0.016)

Autumn

Winter

Spring/
Summer

68

-2

69

-1

Table 10: Vertical litter inputs (g m month of season ) and 95% confidence intervals
during autumn, winter, and spring/summer for different litter types at different overstory
sites. Each litter type was analyzed in a two-way repeated measure ANOVA with main
effects and all interactions of overstory and season. Coniferous needles, coniferous-other,
twig, understory and leftover data were natural log transformed, so medians are reported.
Those estimates with * were significantly different by overstory and season separately.
Those estimates with λ differed by overstory type, but were not significantly different by
season. Those estimates with § differed by season, but were not significantly different by
overstory type.

Coniferous
needles

Coniferous
Deciduous
Coniferous

Coniferous-other
Deciduous
Coniferous
Deciduous leaves
Deciduous
Coniferous
Deciduous-other
Deciduous
Coniferous
Twig
Deciduous
Coniferous
Understory
Deciduous
Coniferous
Leftover
Deciduous

Autumn

Winter

Spring/Summer

12.65*
(3.77-42.43)
0.16*
(0.05-0.54)

1.50*
(0.26-8.78)
0.09*
(0.02-0.53)

3.84*
(0.91-16.15)
0.09*
(0.02-0.39)

0.74λ
(0.27-2.08)
0.05λ
(0.02-0.13)

0.24λ
(0.04-1.58)
0.02λ
(0.003-0.14)

0.87λ
(0.31-2.39)
0.04λ
(0.02-0.12)

23.57
(-0.94-48.08)
66.98
(42.47-91.48)

0.18
(-0.22-0.57)
0.53
(0.14-0.92)

2.57
(-0.83-5.97)
7.42
(4.03-10.82)

0.88§
(-0.6-2.45)
2.35§
(0.78-3.92)

1.33§
(-2.0-4.7)
5.98§
(2.6-9.37)

4.09§
(-0.65-8.86)
8.54§
(3.79-13.3)

1.76
(0.53-5.91)
2.14
(0.64-7.19)

15.78
(4.60-54.14)
3.78
(1.10-12.96)

1.52
(0.66-3.48)
2.94
(1.28-6.76)

0.33*
(0.07-1.67)
3.30*
(0.65-16.72)

0.02*
(0.005-0.11)
0.03*
(0.007-0.14)

0.02*
(0.006-0.09)
0.16*
(0.04-0.68)

3.19
(0.85-12.03)
3.61
(0.96-13.63)

2.19
(1.06-4.51)
0.62
(0.30-1.27)

1.15
(0.41-3.22)
2.08
(0.74-5.84)

Table 11: Demonstrated lateral input percents of total inputs to streams. Citations with * are cited in France 1995 and those
with § in Cushing 1988. Within the lateral percent column, those with  had lateral inputs with units of g m-1 and those
with Ω had lateral inputs with units g m-2 and those without symbols were unclear from that reported. None of the studies
were explicit about how the lateral percent was calculated.
Study

Location

Overstory

Slope

Lateral percent of
total input

Dawson 1976

S. England

Deciduous

--

negligible

Conners and Naiman 1984

E. Quebec, Canada

Mixed

--

4

Moser 1991

Austria

Deciduous

--

5

Webster et al. 1990

N. Carolina, USA

--

14-23 

Winterbourn 1976

New Zealand

Up to 90%

20 Ω

Fisher and Likens 1973

New Hampshire, USA

Deciduous
Evergreen
broadleaf
Deciduous

14%

21

Iverson et al. 1982 §

Denmark

Deciduous

--

40

Dudgeon 1982 §

Hong Kong

Deciduous

--

50 Ω

Cushing 1988 *

Washington, USA

Deciduous

Rolling hills

50 Ω

Triska et al. 1984

Oregon, USA

Coniferous

Up to 60%

50+ Ω

Triska and Cromack 1980

Oregon, USA

Coniferous

Up to 90%

50-70 Ω

Sedell et al. 1974

Oregon, USA

Coniferous

Up to 90%

60 Ω

70

71
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Figure 1: Site map of deciduous and coniferous dominated site locations and
watershed names
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Cut
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stream
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Figure 2: Schematic of control and three treatments randomly assigned to each site.

73

Figure 3: Vertical traps (laundry basket in middle of picture) each collected from an
area of 0.256 m2 at a height of 0.33 m off the ground.

Figure 4: Lateral traps being emptied in September of 2003. Each lateral trap
collected litter moving down the hillslope from a length of 0.5 m.
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Figure 5: An array of two vertical and three lateral traps deployed at the stream
edge at a coniferous site.

75

stream

8m
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6

Figure 6: Schematic of control and three treatments and placement of vertical and
lateral traps on a hypothetical stream reach. Plots were each 30 x 8 m and were
randomly assigned to non-randomly selected uniform areas.
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Figure 7: Schematic of vegetation and plot feature measurement locations of
canopy cover, slope percent, large wood and spatial density.

77
150
Lateral inputs (g/m/yr)

Lateral
125
100
75
50
25
0
600
Vertical inputs (g/m2/yr)

Vertical
500
400
300
200
100
0

Coniferous

Deciduous

Figure 8: Mean annual vertical and lateral litter inputs (95% CI) from deciduous
and coniferous sites.
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Figure 9: Correlations between annual lateral litter inputs and 0-5 m slope at
deciduous and coniferous sites.
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Figure 10: Correlations between winter and spring/summer lateral litter inputs and
0-5 m slope percent at deciduous and coniferous sites.
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Figure 11: Correlations between annual lateral litter inputs and average 0-5 m
percent slope in control and cut plots at coniferous and deciduous sites.
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Figure 12: Comparison of lateral litter inputs relationship to 0-5 m slope in control
and cut plots at coniferous sites.
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Figure 13: Median monthly vertical litter inputs (95% CI) in each of twelve collection months. November and January
were the only two months that differed based on overstory type after a Bonferroni adjustment.
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Figure 14: Median monthly lateral litter inputs (95% CI) in each of twelve collection months. November was the only
month that differed based on overstory type after a Bonferroni adjustment.
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Figure 15: Calculated percent of lateral monthly to total monthly inputs for a 4 mwide stream.
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Figure 16: Vertical litter inputs at coniferous and deciduous sites that are split up
by individual litter types
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Figure 17: Comparison of mean annual total litter percent N (95% CI) for lateral
and vertical inputs.
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Figure 18: Mean annual percent N (95% CI) varied by litter type differently for coniferous and deciduous overstories for
lateral and vertical inputs. Twig lateral inputs and understory and leftover vertical inputs differed by overstory after a
bonferroni adjustment and are indicated with an asterisk.
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Figure 19: Comparison of mean annual total litter percent C (95% CI) for lateral
and vertical inputs at coniferous and deciduous sites.
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Figure 20: Seasonal lateral and vertical inputs percent nitrogen (95% CI) values
change through time. Deciduous sites generally have higher percent N in total litter
than coniferous sites, for lateral and vertical inputs
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Figure 21: Mean annual N flux (95% CI) at deciduous and coniferous sites for
lateral and vertical inputs.
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Figure 22: Lateral and vertical N flux in each month (95% CI) varied by season
differently for deciduous and coniferous sites.
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Figure 23: Median annual N flux (95% CI) of individual litter types for vertical and
lateral inputs. Comparison of median annual N flux of individual litter types using
Fishers protected LSD indicates that leftover and twig do not differ by overstory for
lateral inputs. The median N flux from deciduous leaves differs by overstory for
lateral inputs. Comparison of median annual N flux of individual litter types using
Fishers protected LSD indicates that leftover and twig do not differ by overstory for
vertical inputs.
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Figure 24: The median annual C flux (95% CI) for lateral and vertical inputs have
an interaction between litter type and overstory. Deciduous leaves, deciduousother, coniferous needles and coniferous-other all indicate differences in median
annual lateral C flux by overstory. Deciduous leaves, deciduous-other, coniferous
needles, coniferous-other and understory litter types all indicate differences in
median annual vertical C flux by overstory
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Figure 25: Lateral and vertical C flux (95% CI) by season.
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Appendix 1: Average number of large wood pieces in each site (95% CI) that
intersected a combined transect length of 100 m in coniferous and deciduous sites

Category

Coniferous

Deciduous

Logs of
coniferous species

7.5
(5.8-9.2)

2.9
(2.1-3.7)

Logs of deciduous
species

1.4
(0.6-2.1)

7.1
(5.9-8.3)

Logs of unknown
species

5.5
(4.1-6.9)

5.6
(4.2-7.1)

Appendix 2: Contents of seven litter types sorted from control plots.
Seven litter types in control
plots

Contents

Coniferous needles

Douglas-fir, western hemlock, and western redcedar needles

Coniferous-other

Douglas-fir bud scales, seeds and female and male cones and female cone parts, western
hemlock seed

Deciduous leaves

Red alder and bigleaf maple leaves

Deciduous-other

Red alder seeds, bud scales, and pistillate and staminate catkins, Bigleaf maple samaras

Twig

Douglas-fir, western hemlock, western redcedar, red alder, bigleaf maple, and woody
understory twigs smaller than 1” in diameter. Length not a criteria in sorting except that
twigs were broken-off at edge of trap

Understory

Woody and herbaceous understory leaves, fruit, flowers, and seeds

Leftover

Bark, moss, lichen, and pieces too small or decayed to identify
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-1

-1

Autumn

Winter

Spring/Summer

Coniferous

1.30
(0.61-2.79)

0.52
(0.18-1.48)

0.53
(0.15-1.81)

Deciduous

0.03
(0.01-0.06)

0.03
(0.01-0.09)

0.03
(0.008-0.10)

Coniferous

0.09
(0.03-0.33)

Deciduous

Appendix 3: Lateral litter inputs (g m month of season ) and 95% confidence
intervals during autumn, winter, and spring/summer for different litter types at
different overstory sites. Each litter type was analyzed in a two-way repeated
measure ANOVA with main effects and all interactions of overstory and season.
Table features as in Table 10.

Coniferous
needles

Coniferousother

Deciduous
leaves

Deciduousother

λ

0.07
(0.01-0.37)

λ

0.13
(0.05-0.37)

0.01
(0.004-0.05)

λ

Coniferous

0.01
(0.002-0.07)

λ

0.01
(0.005-0.04)

3.99
(-0.21-8.21)

0.57
(-0.69-1.83)

0.26
(-0.55-1.09)

Deciduous

11.58
(7.37-15.79)

1.60
(0.34-2.86)

1.45
(0.62-2.27)

Coniferous

0.07
(-0.06-0.20)

0.13
(-0.30-0.56)

0.41
(-0.55-1.37)

Deciduous

0.26
(0.13-0.39)

0.89
(0.46-1.32)

1.63
(0.66-2.59)

Coniferous

0.40*
(0.16-0.98)

1.98*
(0.85-4.64)

0.79*
(0.26-2.36)

Deciduous

0.25*
(0.10-0.61)

0.68*
(0.29-1.58)

0.38*
(0.13-1.15)

Coniferous

0.19
(0.07-0.49)

Deciduous

Twig

§

0.03
(0.01-0.09)

0.83
(0.32-2.13)

§

Coniferous
Deciduous

Understory

Leftover

λ

λ

§

0.07
(0.02-0.26)

§

0.08
(0.03-0.19)

§

0.11
(0.03-0.40)

0.70
(0.33-1.49)

1.32
(0.57-3.09)

0.68
(0.22-2.12)

1.46
(0.69-3.09)

0.81
(0.35-1.90)

1.09
(0.35-3.44)

§

99
60

Lateral
Vertical

50

%C

40
30
20
10
0
Coniferous Coniferous Deciduous Deciduous- Understory
Needles
-Other
Leaves
Other

Twig

Leftover

Litter types

Appendix 4: Annual lateral and vertical percent C (95% CI) inputs from coniferous
and deciduous sites combined.
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Appendix 5: Individual litter type’s lateral input percent nitrogen (95% CI) for a)
coniferous and b) deciduous sites varied by overstory and season.
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Appendix 6: Individual litter type’s vertical input percent nitrogen (95% CI) for a)
coniferous and b) deciduous sites varied by overstory and season separately.

Appendix 7: Demonstrated litter production in deciduous and coniferous stands. Averages are reported, with 95% CI (in
parentheses) when available, for Pacific Northwest deciduous and coniferous dominated stands. * indicates values back
calculated from nitrogen concentrations and nitrogen fluxes and § indicates data cited in Tarrant et al. 1969.
Studies of deciduous
stands

Vertical litter
produced
(g/m2/yr)

Location

Studies of coniferous
stands

Vertical litter
produced
(g/m2/yr)

Location

Tarrant 1951§

131

Upland; Coastal
Oregon

Volk et al. 2003

104

Riparian; Coastal
Washington

Neaves 1978

241

Riparian; Coastal
British Columbia

Triska et al. 1984

173*

Riparian; Cascades
of Oregon

Volk et al. 2003

384

Riparian; Coastal
Washington

Bray and Gorham 1964

180

NA; Washington

Tarrant et al. 1969

503 (490-517)

Upland; Coastal
Oregon

Sedell et al. 1974

365

Riparian; Cascades
of Oregon

This study

504 (447-562)

Riparian; Oregon
Coast Range

This study

394 (336-452)

Riparian; Oregon
Coast Range

Zavitkovski and
Newton 1971

738 (480-996)

Riparian; Oregon
Coast Range

Abee and Lavender

589 (563-622)

Upland; Cascades
of Oregon
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