322

AN ABSTRACT OF THE THESIS OF

Chris D. Sheridan for the degree of Master of Science in Forest Science presented on

June 3. 2002.
Title: Plant and Amphibian Assemblages in Zero-Order Basins in the Oregon Coast

Range.
//)

Apnea Cf gﬁ”\—*ﬁ

J

Abstract approved:

Thomas A. Spies

We have a poor understanding of the biotic communities in zero-order basins,
drainages extending from ridgelines to the initiation of first-order streams. This
study describes baseline plant and amphibian composition in unmanaged zero-crder
basins in the Oregon Coast Range. Specifically, I studied: i) the spatial distribution
and diversity of species, including riparian-associates; and /i) the dominant
environmental, spatial and geomorphic gradients in species composition. The results
of this research have implications for riparian management in steep, forested
landscapes in the Pacific Northwest.

The composition of tree and shrub layers in zero-order basins was more
similar to upland areas than to larger-order riparian areas. Douglas-fir, western
hemlock, and western red cedar had highest basal areas; bigleaf maple had highest
hardwood density. Convergent areas (areas collecting surface flow) had significantly
lower relative densities than surrounding slopes.

I identified 138 forest floor herb, shrub, and seedling tree species in zero-
order basins. Gradient analysis and empirical modeling suggested that the
composition of forest floor plant assemblages was associated with environmental
parameters related to geomorphic position and overstory characteristics, such as

distance from basin center, basin aspect and overstory relative density. Vegetation



types, developed using classification, followed similar environmental patterns.
Vegetation types were useful in clarifying environmental gradients acting on groups
of plant species, and in delineating the lateral extent of geomorphic and fluvial
influences. Riparian-associated vegetation types were mostly restricted to valley
floors and lower slope areas.

Geomorphic and lateral surfaces were drivers of environmental gradients in
zero-order basins; plant species composition followed these geomorphic gradients.
Surfaces close to basin center (“inner gorges”), including valley centers, splash
zones, and lower slope areas, supported the highest plant species diversity and most
distinct plant assemblages.

The spatial distribution patterns of amphibian species and assemblages were
characterized along longitudinal and lateral gradients, and relative to three
geomorphic surfaces (valleys, headmost areas and slopes), and empirical species-
habitat models were developed. Iidentified eight amphibian species in zero-order
basins (865 total captures), and analyzed data for six. Headmost areas supported a
distinctive upland amphibian assemblage, while valley floors had the highest riparian
amphibian diversity. Captures of three riparian species were higher in valley
surfaces, within 5 m of the center of zero-order basins, while captures of three
upland species were highest in areas 2-5 m from center. Upland-associated species
were captured two times farther from basin centers than riparian-associated species.
The best predictors of amphibian captures in empirical models were geomorphic,
stability/ disturbance, moisture and overstory parameters. Ordination and indicator
species analysis facilitated characterization of amphibian species assemblages within
geomorphic surface zones, and suggested spatial compression of habitats and species
in zero-order basins, in comparison to broader spatial extents in larger basins.

Plant and amphibian assemblages in unmanaged zero-order basins were most
similar to each other in their lateral and geomorphic spatial patterning, including the
importance of inner gorge areas for support of diverse communities. Plant species

were strongly associated with geomorphic position parameters, while amphibians



had stronger ties to discrete microhabitat elements such as moisture levels and large
substrate. Amphibians appeared to have a more distinctive assemblage in headmost
areas than plant species.

Results suggest that assemblages of plants and amphibians in these basins are
distinct from both larger-order riparian assemblages and from vegetation in
surrounding hillslopes. Riparian management designs could take these spatial
patterns and habitat associations into account to maintain the ecological integrity of
headwater communities. The longitudinal and lateral extents of landscape areas
managed to minimize risk to persistence of zero-order basin plant and amphibian
assemblages would need to incorporate both fluvial and hillslope disturbance

regimes, and microhabitat features associated with them.
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PLANT AND AMPHIBIAN ASSEMBLAGES IN ZERO-ORDER BASINS IN
THE OREGON COAST RANGE

CHAPTER 1. INTRODUCTION

In western North America, headwater drainages make up a large proportion
of the forested landscape (Hack and Goodlett 1960, Benda 1990, Appendix V-G in
USDA and USDI 1994). Because of their distinctive environments, frequency and
aerial extent in mountainous forest landscapes, their role in transport of materials
down-gradient to higher-order systems (Benda 1990, May, 2001), and influence on
downstream water quality (FEMAT 1993, Beschta et al. 1987), it is probable that
small headwater drainages are important in the maintenance of species diversity and
ecosystem integrity in forested landscapes in the Pacific Northwest.

Management of ecosystems to meet requirements of biodiversity policies
requires maintenance and restoration of habitat to support well-distributed
populations of native species within geophysical landscape units such as riparian
areas (FEMAT 1993). A significant component of ecosystem management in
drainage basins in the Pacific Northwest has focused on riparian areas lower in
drainages to mitigate the effects of disturbance from forest management. Buffer
widths have traditionally been established based on stream size and fish usage (Belt
and O’Laughlin 1994), extending some pre-determined distance laterally from

fluvial center. Headwater areas, particularly basins supporting ephemeral streams,



receive minimal protection in current management guidelines, across land
ownerships in the Pacific Northwest (Gregory 1997, Young 2000). Recently, biotic
resources and ecological values in headwater areas have received increased scrutiny
(Headwaters Research Cooperative Workshop, Oregon State University, October,
2001; Small streams and riparian zone management symposium and workshop,
March 2002, University' of British Columbia, B.C.), resulting in reassessment of
ecological values warranting protection in watersheds in the Pacific Northwest.

Ephemeral systems, also called zero-order basins, dominate the drainage area
of most soil-mantled hillslopes (Hack and Goodlett 1960, Benda 1990, Kikuchi and
Miura 1993). Zero-order basins are hillslope units where flow lines converge on a
hollow (Tsukamoto, Ohta and Noguchi 1982), including catchment areas above
sustained scour and deposition as well as intermittent scour areas, extending from
ridgelines down to the initiation of first-order streams. No studies have been
conducted to characterize biotic communities in unmanaged zero-order basins, and
the upper limits of riparian species in the headwaters of drainage basins have not
been well defined. If riparian species are present in zero-order basins, these basins
may be important in maintenance of ecosystem integrity in forested landscapes, and
may provide connectivity to adjacent basins.

At the landscape scale, studies have been conducted characterizing overstory
gradients for the entire State of Oregon (Ohmann and Spies 1998), as well as
vegetation patterns in geophysical landforms present in the Oregon Coast Range

Province (Kovalchick and Chitwood 1990, Minore and Weatherly 1994, Pabst and



Spies 1998, Pabst and Spies 1999). The Coastal Landscape Analysis and Modeling
Study (CLAMYS) involves landscape-level mapping of the composition and dynamics
of overstory, plant, and faunal characteristics in upland and riparian zones in the
Coast Range of Oregon (Spies et al. 2002). CLAMS vegetation and faunal habitat
suitability models incorporate results from smaller scale studies of geophysical
landscape units (e.g., riparian areas) and processes (e.g., debris flow). However,
although modeling efforts have incorporated physical processes associated with zero-
order basins including disturbance frequency, downed wood and sediment transport,
and hydrology, biotic patterns in zero-order basins have not been incorporated in
models.

My overall goal was to characterize biotic communities utilizing unmanaged
zero-order basins in the central Coast Range of Oregon, to provide reference
conditions useful for a variety of future analyses and management decisions. Study
goals were to i) provide baseline information for future research on effects of
.disturbance or management activities on biotic communities in zero-order basins; i7)
determine to what extent zero-order basins provide habitat for riparian-adapted flora
and fauna; and iii) provide information to assist forest managers in discerning
whether zero-order basin systems represent distinct landscape features. To
characterize communities in zero-order basins, I chose to describe plant and
amphibian assemblages.

In the second chapter of this thesis, I characterize plant assemblages in

unmanaged zero-order basins. There is a lack of information regarding herb, shrub



4
and tree distributions and their relationship to environmental gradients in zero-order
basins. In chapter two [ examine the spatial distribution of herb, shrub and tree
species and changes in plant composition along lateral and geomorphic gradients,
and I identify the important environmental parameters associated with the
distribution of plant species. Additionally, zero-order basin vegetation types are
developed, to simplify vegetation complexity and provide forest managers with a set
of vegetation types to rapidly characterize zero-order basin vegetation.

The third chapter of the thesis characterizes amphibian assemblages in
unmanaged zero-order basins. Where conditions are favorable, forest-dwelling
amphibians can exceed mammals and birds in biomass and density (e.g., Burton and
Likens 1975, Bury 1988). Additionally, amphibians are considered indicator species
for environmental stress, due to their life histories and sensitivities to environmental
change (e.g., Blaustein et al. 1995, Houlahan et al. 2000). Because of their
importance in riparian food webs and their role as biological indicators, several
amphibians have been included as Survey and Manage species under the Pacific
Northwest Federal Northwest Forest Plan, and they and other riparian fauna
represent one of the Aquatic Conservation Strategy values to be restored and
maintained (USDA USDI 1994). Although it is clear that amphibians play a key role
in riparian systems, there is a lack of information regarding amphibian usage of zero-
order basins. Chapter three analyzes amphibian spatial distribution patterns along

longitudinal and lateral gradients, and develops empirical models to quantify



amphibian associations with environmental parameters, including microhabitat,
forest structure and geomorphic parameters.

The fourth chapter synthesizes information from analyses of plants, amphibians
and geomorphology in unmanaged zero-order basins. Chapter four characterizes
similarities between the taxa, mechanisms for their co-occurrence, and similar
environmental characteristics associated with species in each taxon. Finally, I
develop implications of the information for management of floral and faunal

communities in zero-order basins.



CHAPTER 2. PLANT ASSEMBLAGES IN ZERO-ORDER
BASINS IN THE OREGON COAST RANGE

INTRODUCTION

In mountainous areas of western North America, headwater drainages make
up a significant proportion of the forested landscape (Hack and Goodlett 1960,
Benda 1990, Appendix V-G in USDA and USDI 1994). For example, in the central
Coast Range of Oregon, stream drainage density is 2.9 km of stream per km? (USDI
2000), and 76% of these are first- and second-order (Strahler 1964) stream systems
(USDI 2000). Headwater systems play an important role in transport of materials
down-gradient to higher-order systems'(Benda 1990, May, 2001), and influence
downstream water quality (Beschta et al. 1987, USDA USDI 1993). Because of
their frequency, position within drainage networks, and unique fluvial and hillslope
processes, headwater drainages may play a role in the maintenance of species
diversity in the Pacific Northwest, however these landscape elements have received
relatively little scientific attention.

Management of biotic resources in headwater areas has also been minimal.
Riparian forest buffers, where disturbance from forest management is reduced or
eliminated, have traditionally been established based on stream size and fish usage
(Belt and O’Laughlin 1994), with limited protection of smaller basins. As a result of
federal review of ecosystem management in the Pacific Northwest (FEMAT 1993),

more attention has focused on conservation efforts in first- and second-order basins



(Table 2.1). However, protection of native communities in zero-order basins is
negligible under current management guidelines. Without a better understanding of
the ecological characteristics of these basins, it is impossible to know how best to
maintain their functions in managed landscapes.

Several studies have described the geomorphology of headwater areas
(Hack and Goodlett 1960, Tsukamoto et al. 1982, Benda 1990, Kikuchi and Miura
1993). Within headwater areas, zero-order basins are hillslope units where flow
lines converge on a hollow (Tsukamoto et al. 1982), including intermittent scour
areas, extending from ridgelines down to the initiation of first-order streams (Figure
2.1). Zero-order basins may include areas defined as hollows (Montgomery and
Dietrich 1989, Benda 1990), ephemeral or intermittent streams or the uppermost
portions of first-order streams (USDA USDI 1994). Zero-order basins can be further
divided into geomorphic surfaces including valleys, slopes, headmost areas and
ridges (Figure 2.1). Zero-order basins have been studied for their unique physical
characteristics, including their disturbance regime (Benda 1988, Reneau and Dietrich
1990, May 2001) and moisture relations (Dietrich et al. 1997, Montgomery and

Dietrich 1989).



Table 2.1. Comparison of management practices for perennial and intermittent
basins in forested mountain streams of the Pacific Northwest (adapted from Young
2000). Intermittent systems include both 1*' and 2" order streams, and zero-order

basins (described in text).

Basin type
Perennial Intermittent
Provincial/
State government > 2" order 1°'- 2" order Zero-order
British Columbia 20-m buffer; No buffer; None
20-m management zone 20-m management
zone
US Federal lands 1-2 site-potential tree | site-potential tree Variable by
(NFP Lands) heights height slope/ geology
Washington No buffer; None None
State/Private 7.5-m - 30-m
management zone
Oregon 6-m buffer; 6-m buffer; None
State/Private 30-m management zone 15-m management
zone
California 45-m management zone 15-m management None
State/Private zone
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10

Riparian plant assemblages in the Pacific Northwest have been described
(Henderson 1978, Swanson and Lienkaemper 1982, Hemstrom and Logan 1986,
Minore and Weatherly 1994, Hibbs and Giordano 1996), and several studies (Pabst
and Spies 1998, 1999, Nierenberg and Hibbs 2000) have focused on vegetation in
smaller unmanaged basins. However, no studies have specifically characterized herb
and shrub assemblages in unmanaged zero-order basins, and it is unclear if zero-
order basins support vegetation patterns distinct from surrounding hillslopes and
larger-order riparian systems downstream. The upstream limits of riparian-
associated plant species and plant assemblages in drainage basins have not been
established, either.

Geomorphology plays a dominant role in structuring plant communities in
headwater basins (Kovalchik and Chitwood 1990, Gregory et al. 1991, Pabst and
Spies 1998). In zero-order basins in Japan, Kikuchi and Miura (1993) found a
distinct change in overstory tree composition and structure moving from planar
slopes, dominated by coniferous forest, to convergent valleys (Figure 2.1),
supporting open deciduous broadleaf forest. The effects of geomorphic gradients on
herbaceous and shrub assemblages in unmanaged zero-order basins have not been
studied.

There is a lack of information regarding the composition of plant
assemblages in zero-order basins, their support of riparian species, and their
associations with physical characteristics. I characterized zero-order basin plant

assemblages in unmanaged forests to provide baseline information on their



11
composition and associations with geomorphic and environmental parameters.
Specifically, I sought to:

(i) Characterize the geomorphology, trees, herbs, shrubs, and plant species
diversity of zero-order basins, including riparian-associated species.

(ii) Identify and explain the dominant gradients in plant species composition in
terms of physical environment.

(iii)  Classify vegetation types in zero-order basins, including riparian-associated
types, and characterize environmental conditions associated with these types.

(iv)  Identify plant species associated with different geomorphic surfaces, and with
different lateral zones nested hierarchically within these surfaces, to clarify

the effects of geomorphic and lateral gradients on plant species composition.

METHODS

Study area

The study area was chosen for the presence of large unmanaged areas, for the
relatively high density of first-order systems (Table 2.2), and to control landscape
attributes including plant association, geology, elevation and marine influence. Work
was conducted on United States federal lands administered by the Coos Bay District

of the Bureau of Land Management (BLM) in the central Oregon Coast Range
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(Figure 2.2). The area encompassed approximately 850 km” of the headwaters of the

Coquille River Basin (4767N to 4798N UTM, 418E to 445E UTM).

Table 2.2. Zero-order basin characteristics measured in the study area (n = 63).

Parameter

Mean (range)

Landscape characteristics

Number of first-order systems per km™*
Number of zero-order basins per 1*'- order

Zero-order basin characteristics

Distance from ocean (km)
Ridge elevation (m)
Basin gradient (°)

Basin area (ha) **

Basin total length (m)

Distance to initiation of scour/ deposition (m)

Distance to start of channelization (m)

Distance to start of flow (m)

Channel width [where present] (m)

Valley width (m)
Slope length (m)

11.5 (8, 17)
1.56 (1, 4)

43.3(35.9,55.3)
599.4 (227.1, 807.9)

20.2 (3.5,41.2)
1.1(0.1,7.2)

274.4 (85.5, 783)
165.5 (64, 630)
193.5 (48, 637)
182.7 (152.8, 652.0)
0.9 (0, 3.5)

4.5 (1.2, 10.0)
51.1(7, 194)

*Initiation points of first-order systems, determined using GIS analysis.
** Measured using flow accumulation algorithms; initiation of scour as “pour point”.
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Figure 2.2. Location of 63 study sites within the study area.
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This region is underlain by uplifted sea floor sediment and basalt, with
geologic formations composed of sandstone and sandy siltstone (USDI 2000). Soils
in study sites included principally series in the Preacher-Bohannon and Umpcoos-
Rock Outcrop units. The area is deeply dissected by stream networks, including
many steep headwater channels. The study area supported approximately 18 zero-
order basins per km’, each averaging just over 1 ha in size above the initiation point
of scour and thus encompassing less than 1% of the landscape (Table 2.2). Within
the Coast Range physiographic province, maximum air temperatures seldom exceed
30° C, and minimum air temperatures rarely fall below freezing (USDI 2000). Most
precipitation occurs as rainfall, ranging from 1397 mm to over 3810-mm annually
(OSU 1982).

The study area falls within the western hemlock (Tsuga heterophylla) zone
(Franklin and Dyrness 1969). Stands in the study area are dominated by Douglas-fir
(Pseudotsuga menziesii), and include western hemlock, western red cedar (Thuja
plicata) and grand fir (Abies grandis). Hardwoods occupy less than 10% of stands,
and include bigleaf maple (Acer macrophyllum), chinquapin (Castanopsis
chrysophylla) and California bay (Umbellularia californica). Common shrub
species include evergreen huckleberry (Vaccinium ovatum) and salal (Gaultheria
shallon). Herbaceous species include sword fern (Polystichum munitum) and oxalis
(Oxalis oregana). Riparian areas support hardwoods including red alder (Alnus

rubra) and mesic conifers like western red cedar. Common riparian shrub species
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include salmonberry (Rubus spectabilis) and stinking black currant (Ribes
bracteosum). Common riparian herbs include maidenhair fern (Adiantum pedatum),
lady fern (Athyrium filix-femina), and deer fern (Blechnum spicant).

Historically, fire was the most important disturbance process affecting
vegetation patterns in the study area (USDI 2000). Unmanaged portions of the study
area include stands 250 and 450 years old, originating after stand-replacing fires in
the periods from 1534 to1590 or from 1735 to1798 (USDI 2000). At least nine
major fire events have been identified in the study area through fire scar analysis
(USDI 2000), and numerous smaller underburns probably influenced understory
development in forest stands. Zero-order basin geomorphology including ridges,
occasional treeless areas and moister microclimates would be expected to further
modify fire effects.

Zero-order basins are the principal initiation points for landslides in the steep,
deeply-dissected mountainous landscapes of the Pacific Northwest (Dietrich et al.
1986). The process of landsliding is cyclic, involving failure followed by periods of
recharge. In the Coast Range of Oregon, one cycle may be close to 100 years for in-
channel failures (USDI 2000). Landslides often follow large fire episodes.
Disturbance regimes in unmanaged zero-order basins can lead to high levels of
downed wood in comparison to unmanaged upslope areas (Spies et al. 1988). Study
site selection was not stratified by fire or landslide disturbance history, and the

sample thus has a range of times since natural disturbance.
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In the Pacific Northwest, human activities including the use of fire, overstory

removal, and road installation have affected the historic frequency of landslides
(Robison et al. 1999), the fire return interval (USDI 2000), and, at smaller spatial
scales, substrate characteristics and fluvial processes. Native Americans managed
forested landscapes in the Coquille Basin prior to1900, using fire. This landscape
modification occurred principally in lower valleys, removed from the study area.
The General Land Office (GLO) sold timber on lands in the study area starting in
1924, beginning with the areas close to river valleys. The Bureau of Land
Management has continued timber harvest and road installation since receiving lands
from the GLO, including lands adjacent to many study sites. Anthropogenic
influences on disturbance regimes in study sites were minimized, by selecting zero-
order basins in stands regenerated after fires and aged over 200 years, with negligible
evidence of overstory cutting or road effects (“unmanaged”, hereafter). Zero-order
basins in the sample were probably not logged historically due to difficult access
(sites are relatively far from developed commerce centers) and due to the inherently

steep and unstable nature of zero-order basins in general.

Study sites

Within the study area, 222 zero-order basins within unmanaged stands were

identified from geographic information system (GIS) maps of land ownership, stand
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ages, roads, contour crenulations (produced by 10-m digital elevation models), and
first-order systems. A set of selection criteria was applied a priori to all zero-order
basins within the study area to identify suitable sites. Sites disturbed by management
activities, sites > 0.8 km from a transportation corridor, and zero-order basins that
did not terminate at the tip of a first-order channel (Dietrich et al. 1987) were
eliminated. Preliminary observations suggested that zero-order basin environmental
parameters varied with differences in slope and aspect. I therefore stratified basins
into high (> 39°) and low ( < 39°) slope classes, and into south and west-facing
(120°-300°) and north and east-facing (301°-119°) aspect classes. All 222 systems
were numbered, and a random number generator was used to determine order of sites
visited, alternating by slope/aspect class. The sample population analyzed in this
study includes the first 63 randomly selected zero-order basins from the inference

population of 222 zero-order basins.

Survey plot establishment

In the field, I delineated the extent of each zero-order basin as areas
extending downslope from ridgeline to the point where fluvial scour became clearly
more continuous than discontinuous (estimated visually over a channel length of 15
m), often at the junction with another zero-order drainage. A longitudinal axis was

established within delineated zero-order basins, along and parallel to the most
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fluvially active portion of the basin (Figure 2.1). This longitudinal axis was
considered the center of the basin. Measurements of distance-from-ridge to
- sampling plot were measured along this axis. Lateral distances were measured
perpendicular to this axis (Figure 2.1, detail area).

Several authors (Hack and Goodlet 1960, Gregory et al. 1991, Pabst and
Spies 1998) have suggested that community patterns and biological diversity in
headwater riparian drainage basins are organized by landforms shaped by
geomorphic processes. I therefore delineated four geomorphic surfaces within zero-
order basins: valleys, headmost areas, slopes, and ridges (Figure 2.1), and stratified
plant and environmental sampling by them. Valley geomorphic surfaces were
defined as convergent areas (collecting surface flow), downstream of the first
evidence of scour and deposition, but above sustained scour. Headmost geomorphic
surfaces were defined as convergent areas above the first evidence of scour and
deposition, extending to a topographic break. Headmost zones were inclusive of both
hollows and source areas, as defined by Montgomery and Dietrich (1989). Slope
geomorphic surfaces were defined as the planar surfaces (where surface flow lines
would be parallel), extending laterally between valley margins and ridges. Ridges
were defined as the convex surfaces connecting slope surfaces in one zero-order
basin to slope surfaces in adjoining basins. I further stratified zero-order basins into
lateral distance zones, to characterize changes in plant composition and
environmental parameters at finer spatial scales within geomorphic surfaces. Lateral

zones were a refinement of geomorphic surface zones, hierarchically-nested within
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the geomorphic surface typology, eliminating the valley zone and adding 1-m wide
zones centered on points O m, 1 m and 5 m from basin center.

I established 17 plots for sampling plant cover and environmental parameters
within the four geomorphic surfaces and six lateral zones in each zero-order basin in
the sample (Figure 2.1). Iestablished seven plots randomly along the longitudinal
axis, four in the valley zone and three in the headmost zone, each a minimum of 10
m apart. [established lateral plots 1 m and 5 m from basin center, perpendicular to
three of the valley (O m) plots (Figure 2.1). Iestablished additional sampling points
perpendicular to the uppermost and lowermost valley plots, exactly halfway between
basin center and ridgelines in the slope zone, and in ridge geomorphic zones at the
slope break between basins.

Individual plots were 1 m in width, to approximate the mean channel width
for zero-order basins (Figure 2.1). [Tused flexible rubber tubing for my sampling
frame, staked to an approximate 1-m x 2-m rectangle, but deformable to allow it to
fit within constraints of the geomorphic surface. The sampling area for an individual

lot was therefore always 2 m?, although sampling shape was slightly variable.
Y ¥ p

Plant data collection

I collected data on plant cover during the months of July, August and

September of three years (1999, 2000, 2001). Using established plots, I measured
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herbaceous and shrub cover, overstory cover and density, and plot-scale
environmental parameters. I measured additional environmental parameters at larger
spatial scales. I visually estimated percent plant cover for each plant species in a
plot. Cover values less than 1% were assigned a 1% value. I defined cover as the
percentage of ground surface obscured by any portion of the plant under 2 m in
height, rooted in the same geomorphic surface and elevation as the plot frame.
Herbaceous plants (forbs and graminoids), shrubs and seedling trees that fit these
definitions were included in cover estimates. Canopy cover and density of overstory
trees and shrubs over 2 m tall were estimated separately (below). Plant

nomenclature followed Hitchcock and Cronquist (1973) and Jepson (1993).

Environmental variables

I measured 33 environmental variables which I hypothesized might be
important in structuring plant assemblages in zero-order basins (Daubenmire 1947),
as descriptors of environmental conditions, and for use in empirical models
describing plant composition (Table 2.3). Environmental data were collected at both
the plot and zero-order basin spatial scales. At the plot scale, data were collected for
three parameters describing plot position, five parameters for surface moisture and
stability, four parameters for substrate composition, and eight parameters for

overstory conditions. Binary parameters for the presence/absence of saturation,



Table 2.3. Description of habitat parameters collected at the plot or zero-order basin scale, and covariates.

Parameter Units Description
Plot scale
Ridge distance m Ridgeline to plot slope distance, divided by distance from ridgeline to initiation of scour.
Distance from basin m Perpendicular slope distance from center of the basin to plot location.
center
Plot height m Difference in elevation between a plot and valley floor (basin center).
Substrate/fluvial
Surface moisture 1-7  Integer index of plot moisture, modeled on categories developed by Crisafulli (Olson et al. 1999). Values
range from 1 (‘dry’) to 7 (‘flowing’).
Saturation 0,1  Presence/absence of field-estimated ‘saturated’ conditions in plot (Surface moisture > 5).
Scour 0,1  Presence/absence of scour (removal of above-ground vegetation and litter).
Deposition 0, 1  Presence/absence of deposition (material mobilized into the plot by fluvial or hillslope disturbance).
Stability 0,1  Presence/absence of stable conditions (no scour or deposition) in plot.
Large substrate % Visual estimate of percent of plot surface obscured by gravel, cobble, boulders, or bedrock (substrates > 5 mm).
Organic substrate %  Visual estimate of percent of plot surface obscured by litter, organic material, bark, or downed wood.
Organic depth cm Organic matter depth averaged from five points/plot.
Litter depth cm  Litter depth averaged from five points/plot.
Overstory
Canopy cover o Percent of view screen obscured in a canopy viewer (Mueller-Dombois and Ellenburg 1974) stationed at plot
center.
Conifer canopy cover %o Canopy cover of conifers; assessed with a canopy viewer.
Hardwood canopy cover %o

Large overstory

Relative density

Relative density within
geomorphic surface

Canopy cover of hardwood species; assessed with a canopy viewer.

2 . 5 3
m~/ha Basal area of trees over 70 ¢cm in diameter.

0-100 Tree density metric calculated from basal area and quadratic mean diameters (Curtis 1982), using

basal area from variable-radius overstory plots and visually estimated diameters.

0-100 Relative density (similar to Curtis 1982), calculated using only trees rooted in the same geomorphic surface

as the variable-radius plot.

1T



Table 2.3. (continued)

Parameter Units Description

Plot scale (continued)

Relative density of hemlock ~ 0-100 Relative density (similar to Curtis (1982)), calculated using only western hemlock trees in variable-
radius overstory plots.

Relative density of hardwood 0-100 Relative density (similar to Curtis (1982)), calculated using only hardwood species in variable-radius
overstory plots.

Zero-order basin scale

Geomorphic surface Cat.  Three categories: valley, headmost area and slope.

Basin gradient ° Slope of zero-order basin, calculated as the difference in elevation along the basin length.

Basin depth m Difference in elevation between the midpoint of the geomorphic surface and the surrounding ridgeline.

Heat load index 0-1 A measure of the solar exposure of a site, calculated using the formula: 1-cos(aspect-45)/2 (Beers et
al. 1966), where aspect is the aspect of the basin. O represents cool (45°) aspects, 1.0 represents warm

(225°) aspects.

Basin area ha Area potentially contributing surface flow to the point of initiation of scour and deposition in a zero-

order basin. Generated in ARC/INFO, using flow direction and accumulation algorithms and a 10 m digital
elevation model. Point of initiation of scour and deposition in the field used as “pour point”.

Covariates

Year of survey Cat.  Categorical variable for year of survey (1999, 2000, 2001).

Elevation m Height above sea level of the highest point (ridgeline) in a zero-order basin (measured using an
altimeter).

Stand age years Time since last stand-replacing event for forested areas in the zero-order basin, derived from
ARC/INFO GIS coverages of the study area. )

Ocean distance km  Distance from the basin to the ocean, derived from ARC/INFO GIS coverages of the study area.

Geology class Cat.  Three classes: Flournoy, Tyee, Flournoy/Tyee boundary.

Soil class Cat.  Three classes, based on soil map units, defined in the Soil Survey of Coos County, OR (USDA

1989): A (38F, 58F, 44E), B (46D 46E 46F), C (44D, 44E).
Disturbance due to roads 0-4  Four categories: 0 (no disturbance) through 3 (roads potentially affecting drainage and stability).
Disturbance due to harvest 0-4

Four categories: 0 (no discernible human influence) - 3(removal affecting basal area measurement).

C
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scour, deposition, and stability in individual plots became proportions when
averaged for lateral or geomorphic zones. Overstory densities were measured using
variable-radius sampling in one plot per geomorphic surface. Basal area collected on
sloped ground was corrected to horizontal by multiplying it by the secant of plot
slope angle in 1999, using a relascope in 2000, and by tilting the wedge prism to
approximate hillslope gradient in 2001 (Pabst, pers. comm.). I calculated relative
density similarly to Curtis (1982), using visual estimates of tree diameter corrected
using measured diameters (1 out of 50 trees measured). Due to errors associated with
visual estimates of diameters and irregular plot spacing, estimates of basal area and
relative density had relatively high coefficients of variation and moderate bias, and
were thus used principally for comparison between geomorphic surfaces.

At the zero-order basin scale, I collected data on five geomorphic variables
including basin gradient, basin depth, heat load index (a cosine transformation of
basin aspect (Beers et al. 1966)), and basin area. Data collected on covariates
included year of survey, elevation of ridgeline, stand age and distance from ocean, as
well as categorical covariates for geological formation, soil class, disturbance due to

roads, and disturbance due to harvest.
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Data analysis

A number of analyses were performed to characterize plant assemblages in
zero-order basins, including gradient analysis and classification. Plot data was
averaged for each geomorphic surface to address questions about basin
geomorphology, overstory and shrub characteristics (Figure 2.3). Plot data was
averaged for each lateral zone to investigate plant species composition, develop
vegetation types and quantify diversity in zero-order basins (Figure 2.3).

To provide a geomorphic context for analysis of overstory and forest floor
plant species composition in zero-order basins, I calculated means and confidence
intervals for basin gradient, frequency of fluvial disturbance, and downed wood
volumes within the four geomorphic surfaces. Iestimated means and confidence
intervals for the basal area of each overstory tree species, and overstory metrics for
all tallied trees, for each geomorphic surface. I quantified differences in overstory
relative density between different geomorphic surfaces using a mixed linear model
(PROC MIXED, SAS 1999), using an “unstructured” correlation structure to model

spatial autocorrelation between geomorphic surfaces within a zero-order basin.
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Original plant data Original environmental data
(Plots x plant species) (Plots x environmental parameters)
Averaged for lateral zones Averaged for geomorphic surfaces | | Averaged for geomorphic surfaces
) Geomorphic surfaces x
Lateral zones x plant species Geomorphic surfaces x plant species environmental parameters
v
. . . Plant species x environment matrix
Vegetation Indirect gradient analysis
types (Lateral zones in plant species-space) l
4 - A Direct gradient analysis
Geomorphic surface
Lateral zone bl (Plants in environment-space)
assemblages assemblages pa
v
Other tests: Other tests:
Multi-response permutation process-lateral zones Multi-response permutation process-geomorphic

’ : : surface zones
Indicator species analysis- lateral zones

G Indi speci alysis- geomorphic surface
Species diversity measures-plots and lateral zones dicalor species analysis- g P zones

Overstory analyses

Shrub analyses

Figure 2.3. General flow diagram for analyses, showing strata used in analyses,
types of multivariate analyses, and other analyses.
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Gradient analyses

Indirect gradient analysis

[ used indirect gradient analysis as the primary tool for characterizing
gradients in herb, shrub and seedling tree composition, and for determining the
environmental parameters important in structuring plant assemblages in zero-order
basins. For this analysis, I averaged species cover for each of six geomorphic/
lateral zones: O m, 1 m, and 5 m from basin center, as well as headmost, slope and
ridge zones. I eliminated rare species and log-transformed data, to reduce skew. I
used nonmetric multidimensional scaling (NMS) (Mather 1976) with PC-ORD
software (McCune and Mefford 1997) as the ordination method. NMS uses ranked
distance metrics, and is thus resistant to skewed community data sets with large
numbers of zeros (Clarke 1993). A Sorenson distance measure was employed, and
detrended correspondence analysis (Hill 1979) was used to establish starting
coordinates for the ordination, to ensure a global minimum solution. I selected the
smallest number of dimensions that maintained interpretable levels of “stress”: stress
is a measure of dissimilarity between the original space and the reduced ordination
space. Stress levels for NMS iterations were compared to randomized data in a
Monte Carlo test, using 30 runs of randomized data, to quantify the fit of the

ordination. The final ordination was rotated to maximize correlations between the
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first axis and the single most highly-correlated environmental variable, and to
maximize the interpretable portion of the ordination in the smallest number of axes.

Interpretation of ordination axes was facilitated by overlay of lateral zone
membership on ordination points, and by calculation of correlations between axis
scores and both plant species covers and environmental parameter values (averaged
for each lateral zone). Spearman’s rank correlations were calculated between
environmental variables and each axis in the ordination solution, to assess the
relative importance of each variable in each axis. Joint plots (Jongman et al. 1987)
were developed to show the relationship between important environmental
parameters and ordination axes, and between species’ covers and axis scores. Joint
plots represented vectors formed from the hypotenuse of a right triangle, with the
two other sides being r-values between the environmental parameter or species cover

and the two axes.

Models for environmental effects on plant species composition

For each axis in the ordination of lateral zones in plant species-space, I
developed and evaluated sets of uni- and multivariate empirical models describing
plant ordination axis score as a function of landscape, geomorphic, fluvial, substrate
and overstory parameters. I used an information-theoretic approach to model

development and selection, including careful a priori development of ecological
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models from literature describing plant-environment relationships (Appendix A). I
used mixed linear models (PROC MIXED, SAS Institute 1999) to model
relationships between variables, with an “unstructured” correlation structure to
address spatial autocorrelation between lateral zones within a zero-order basin.
Values for environmental parameters were averaged for each lateral zone. The
response for all models was NMS axis score, in standard deviates from axis
centroids, an index of an experimental unit’s (i.e. lateral zone’s) position in plant
assemblage-space. The a priori model set used for the three ordination axes
included 17 ecological models and two covariate models (Appendix B). Because
ecological models were not hierarchically nested (Burnham and Anderson 2001), I
developed a single global model containing the majority of the uncorrelated
parameters used in each model set, to assess model fit and overdispersion for the
model set. A null model, a model with only an intercept and no explanatory
variables, was included to determine if any of the collected variables gave better fit
to the response (axis score) than consideration of the response mean alone.

Since no prior studies of plant composition in zero-order basins had been
performed from which to draw inference, I had only moderate confidence in my a
priori ecological models. Therefore, after completing a priori model selection and
ranking, I performed a posteriori analysis on the data set to place a priori results in
context, and to develop hypotheses for future research. A posteriori models used the
top 10 parameters correlated with axis scores for each axis, plus any additional terms

appearing in models within 2 AIC units of the best models in analysis of the a priori
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model set. Final a posteriori models included all one-parameter models, as well as
the top 50 two-parameter models, the top 50 three-parameter models and the top 50
four-parameter models, as judged by model R*values. For a posteriori analysis for
each axis, a posteriori sets were combined with a priori sets to form a final
combined (full) model set. Final full model sets included 164 models for Axis 1, and

163 models for Axis 2 and Axis 3.

Ranking of empirical models and model inference

For each model set, I used Akaike’s Information Criterion (AIC), an estimate
of Kullback-Liebler distance (the loss of information when a model is used to
approximate truth), for model selection and ranking (Burnham and Anderson 1998).
I used the second-order version of AIC, AICc, to address the moderately small
sample size (N = 375). The model with the smallest AICc value was judged the best
approximation for the information in the data, relative to the models considered. The
statistic AAICc measured the difference between the AICc value for a given model
and the model with the lowest AICc value in the set. Models within 2 AICc units of
the best approximating model (AAICc < 2) were considered reasonable competitors
with the best model, and were interpreted. Models with AAICc > 2 were considered
unlikely to be the best fit to the data in the model set. Additionally, AAICc values
were used to compute Akaike weights (w), estimates of the relative likelihood of

each model, given the likelihood of the full set of candidate models (Burnham and
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Anderson 2001). Models with AAICc < 2 were investigated for model fit by
evaluating their generalized coefficients of determination (Nagelkerke 1991), and by
comparison of best models to the rank of the null model.

I compared the relative importance of model parameters in predicting
ordination scores by comparing coefficient ranges (inclusive 95% confidence
intervals) and coefficient directions of effect in models with AAICc < 2, and by
computing parameter predictor weights (Burnham and Anderson 2001), indicators of
the importance of individual parameters in predicting response considering the entire
model set. Predictor weights were calculated by summing the Akaike weights of all
models in which a parameter occurred, adjusted to account for unbalanced model
sets (Stoddard 2001) and normalized to sum to 1.0. Iused the full model sets for
calculation of parameter predictor weights, for all parameters within the set of
models whose cumulative (summed) model weights (w) were < 0.995 (“0.995

cumulative model weight”, hereafter) for each model set.

Direct gradient analysis: plant species in environment-space

I performed a direct gradient analysis (Brazner and Beals 1997) of plant
species in environment-space to compare to results of the indirect gradient analysis
of lateral zones in species-space. This allowed me to determine how key

environmental parameters observed in indirect analysis acted on species cover and
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composition. Direct gradient analysis allows direct exploration of species-
environment relationships, but it requires the assumption that all environmental
parameters used in the analysis are important in determining species composition.
For this analysis, I averaged species cover and environmental variables for each
geomorphic surface zone in each zero-order basin (Figure 2.3). The plant species
matrix included covers of 104 species in 252 experimental units (geomorphic
surfaces within zero-order basins). The environmental matrix used variables that
were important in indirect gradient analysis. A general relativization was applied to
environmental parameters to address different units between parameters. Following
matrix multiplication, I relativized species values to reduce the coefficient of
variation. [ used nonmetric multidimensional scaling (NMS) as the ordination
technique, using software in PC-ORD (McCune and Mefford 1997), similarly to
indirect gradient analysis. The final ordination was rotated to maximize correlations
between the first axis and the single most highly correlated environmental variable.
Correlations between ordination scores and environmental parameters were used to

define the strongest gradients in plant-species relationships.

Plant species classifications

I developed three classifications of plant species in zero-order basins:

vegetation types, geomorphic surface zone assemblages and lateral zone assemblages
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(Figure 2.3). Vegetation types, groups of plots with similar species composition,
were developed to analyze environmental conditions associated with groups of
species and to identify groups useful for rapid assessment and management of plant
assemblages in zero-order basins. Species assemblages associated with both
geomorphic and lateral zones were identified to quantify the effects of geomorphic
and lateral gradients on plant species occurrence in geomorphic and lateral zones in
basins, and to contrast the utility of geomorphic and lateral typologies in describing

plant composition.

Vegetation types

Vegetation types, based on similarities in plant species composition, were
developed to simplify the complex and continuous variation in plant composition.
Hierarchical cluster analysis with relative Euclidian distance and Ward’s linkage
method in PC-ORD (McCune and Mefford 1997) was used to group experimental
units (lateral zones in basins) into seven vegetation types. The total number of types
was restricted to seven, because it was a parsimonious compromise between group
number and group distinction, and appeared to best represent the number of
assemblages observed in the field.

I'used indicator species analysis (Dufrene and Legendre 1997) to assign

individual species to vegetation types and to quantify the strength of association
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between individual species and the seven vegetation types. Indicator species
analysis combines information on the abundance of a species in a group with
consistency of occurrence of the species in that group to provide indicator values, the
percent of perfect indication of a species for each class in a typology, ranging from 0
(no indication) to 100 (perfect indication). Maximum indicator values are the
indicator value for the class the species was most strongly associated with in a
typology. Ievaluated the statistical significance of the maximum indicator value of
each species with its associated vegetation type, using a Monte Carlo method with
2000 iterations (PCORD, McCune and Mefford 1997). For representation, I
assigned each plant species to the vegetation type for which it was the best indicator.
However, vegetation types were not mutually exclusive in the field; not all species in
a vegetation type would be expected to occur in a plot assigned to that type. In
addition, a given species might occur in plots typed to several different vegetation
types.

For each species, I estimated its average cover in each lateral zone across
basins, as well as the average cover for the study area. I calculated the percent of
experimental units in each lateral zone assigned to each vegetation type, as well as
the percent of all experimental units assigned to each type. I named vegetation types
using the genus name of the species with the highest maximum indicator value for
that type. Means for key environmental parameters were calculated for experimental
units in each of the seven vegetation types, to characterize environmental conditions

associated with each vegetation type.



34

Geomorphic and lateral zone species assemblages

I identified plant species assemblages in geomorphic surface zones and finer-
resolution lateral distance zones, to compare the effects of geomorphic and lateral
gradients in zero-order basins on plant species composition. I compared plant
assemblages associated with geomorphic surface zones (valley, headmost, slope and
ridge) with assemblages associated with lateral zones (0 m, 1 m, and 5 m from basin
center, in addition to headmost, slope and ridge zones), using indicator species
analysis (Dufrene and Legendre 1997). Indicator species values were calculated for
each species, for each zone in each typology. The statistical significance of
maximum indicator values were evaluated using a Monte Carlo method with 2000
iterations. Mutually exclusive plant species assemblages were created for each zone
in each typology, by considering only species whose maximum indicator values were
significantly higher than values from Monte Carlo simulations at the 0.05 level,
similarly to Warnke (1998).

I compared the effectiveness of geomorphic surface and lateral zone
typologies at describing plant-environment relationships, both to each other and to
vegetation type classifications. I compared the sum of indicator values for all
species for each class, the number of species associated with each zone or type, and
the number of species in each stratum whose maximum indicator values were
significantly higher than random expectation (p < 0.05). For the geomorphic surface

and lateral zone typologies, I compared the results from a multi-response
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permutation procedure (MRPP) (Mielke 1984). MRPP is a non-parametric technique
to test the hypothesis of no significant difference between groups. I used MRPP in
PC-ORD (McCune and Mefford 1997) with Sorenson distance and a rank
transformation. Size of the effect of geomorphic and lateral zones on species
composition was estimated using the chance-corrected within-group agreement (A),
an estimate of within-group homogeneity compared to random expectation. When
all items in a group are identical, A has its highest value (1.0). Results of MRPP for
geomorphic surface and lateral zone typologies were compared to each other, to the
effect of zero-order basins (pseudoreplication effect), and to several covariates.
MRPP could not be applied to vegetation type classifications, because the species

matrix to be tested was used to generate the vegetation type classifications.

Plant diversity in zero-order basins

I estimated plant species richness and diversity using three indices (NO, N1,
N2) proposed by Hill (1973). NO was calculated as species richness, N1 was
calculated as exp(-Shannon’s Index) and N2 was calculated as the reciprocal of
Simpson’s Index. For these analyses, 35 samples not identified to species were
removed, leaving 138 plant species. The number of plots in each lateral zone was

standardized for each lateral zone in each basin by randomly deleting plots, to
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provide exactly two plots per lateral zone per zero-order basin. Plant cover was

averaged for each lateral zone in each basin.

Shrubs in zero-order basins

Several researchers (Hibbs and Giordano 1996, Pabst and Spies 1998) have
documented the dominance of shrubs in Oregon Coast Range headwater riparian
forests, suggesting that tall shrubs in Coast Range riparian areas represent an
important biotic control over both herb composition and tree regeneration. I
hypothesized that shrubs might play an important role in structuring plant
assemblages in zero-order basins as well. I therefore analyzed shrub species
independently, in addition to their inclusion in the previous forest floor analyses. For
the independent analysis of shrub characteristics, I averaged shrub cover for each
geomorphic surface zone in each zero-order basin, considering only species defined
as shrubs by Garrison and Skovlin (1976). I estimated cover means and confidence
intervals for each shrub species, by geomorphic surface. I also subjectively assigned
shrub species to one of three moisture classes (wet, mesic, dry), based on their
assignments to vegetation types with average surface moistures of > 2 (wet), 1.5-2
(mesic) or < 1.5 (dry), then estimated means and confidence intervals for these shrub

moisture classes.
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RESULTS

Geomorphic and overstory characteristics in zero-order basins

There were an average of 11.5 initiation points of first-order streams per
kilometer, and each first-order system contained one to two zero-order basins (Table
2.2), suggesting a density of 18 zero-order basins per km” in the study area. Areas
contributing to the initiation point of scour and deposition in zero-order basins were
about one ha in size, and entire zero-order basins made up less than one percent of
the landscape in the study area. Basins in the study area were steeper and narrower
than larger riparian drainages observed downstream. Headmost and slope surfaces
dominated basins: valley floor widths were < 5 m wide, accounting for 2% of the
total surface area (Table 2.2). Slope surfaces averaged over 50 m in length, with
slope plots established an average of 24 m (95% CI: 21.8, 26.6) from basin center.
Convergent surfaces (valleys and headmost areas) were the most fluvially active.
Fluvial disturbance, defined as > 25% cover by large substrates, and > 25% of plot
surfaces showing some scour, occurred primarily in valley surfaces and occasionally

in headmost areas (Table 2.4).



38

Table 2.4. Selected environmental characteristics for zero-order basins (n=63).
Values were calculated from plot data, averaged for each geomorphic surface (with
95% confidence intervals (CI)). “Fluvially disturbed” was defined as > 25% cover
by large substrates, and > 25% of surfaces showing some scour.

Parameter Valley Headmost Slope Ridge
Gradient (°) 25.9 32.5 33.2 27.6
(24.7,27.2) (30.8,34.2) (32.1, 34.3) (25.3,29.8)
Litter depth (cm) 0.33 1.19 1.34
(0.27, 0.38) (1.05; 1.33) (1.22, 1.46) 1.7(1.5,1.9)
Fluvially 71.4 11.1 0 0
disturbed (%)
Downed wood 1010.0 449.0 501.7 135.4

volume (m’/ha) (540.7, 1479.3) (258.7.639.3)  (316.8,686.6)  (64.7,206.2)

Coniferous tree species had the highest densities and basal areas in all
geomorphic surfaces (Table 2.5). Douglas-fir and western hemlock had the highest
overall basal areas, followed by western red cedar. Douglas-fir and western hemlock
achieved their highest basal areas in ridge geomorphic surfaces, followed by slope
areas. Western red cedar was the only conifer that had highest basal area in valley
surfaces.

Densities of hardwood species were low (Table 2.5), with the most common
being big-leaf maple in slope and headmost areas. Upper slopes and ridges also

supported hardwoods, principally California bay and big-leaf maple.



Table 2.5. Mean overstory tree basal area (mzlha) (with 95% CI) for geomorphic surfaces in zero-order basins (n=63).
Results are ordered by decreasing basal area.

Tree species Valley Headmost Slope Nose Basin means

Douglas fir 26.0 (22.6,29.4)

37.9(33.7,42.2) 42.5(37.4,47.6) 56.7(51.1,62.3) 40.0 (37.6,42.5)
Western hemlock 13.2(10.3,16.0) 19.3(15.8,22.8) 21.0(17.2,24.8) 24.1(19.8,28.4) 19.2 (17.3,21.0)
Western red-cedar 6.2 (4.6,7.9) 4.8 (2.7, 6.8) 5.1(3.2,7.0) 3.0(1.7,4.3) 4.8(3.9,5.7)
Big-leaf maple 3.1(1.7,4.5) 3.5(2.0,5.0) 4.2 (2.5, 5.8) 1.6 (0.7, 2.6) 3.1(2.4,3.8)
California bay 1.1 (0.4, 1.8) 2.3(1.2,3.4) 3(1.6,4.4) 2.9(1.6,4.3) 2.3(1.7,2.8)
Red alder 1.6 (0.7,2.4) 1.6 (0.7, 2.5) 1.4(04,2)5) 1.4 (04,2.4) 1.5(1.1,2.0)
Chinkapin 0.2 (-0.1,0.6) 0.4 (0,0.9) 0.7 (0.1, 1.3) 0.9 (0.2, 1.5) 0.5 (0.3, 0.8)
Incense cedar 0.1 (-0.1,0.2) 0 0.5(-0.3, 1.3) 0.7 (-0.3, 1.8) 0.3 (0, 0.6)
Yew 0.2 (-0.1,0.6) 0.1(-0.1,0.2) 0.3(-0.1,0.1) 0.2 (-0.2,0.5) 0.2 (0.0,0.3)
Vine-maple 0 0.1(-0.1,0.2) 0.2 (-0.1,0.4) 0.1 (-0.1,0.3) 0.1(-0.1,0.2)
Madrone 0 0 0 0.1 (-0.1,0.3) 0.0 (-0.0,0.1)
Scouler’s willow 0 0 0 0.1(-0.1,0.3) 0.0 (-0.0,0.1)
Tanoak 0 0 0 0.1(-0.1,0.2) 0.0 (-0.0,0.1)

6¢
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Red alder, a common riparian species in larger-order riparian corridors, was a minor
component of zero-order basins. Red alder had similar basal area coverage across
the four geomorphic surfaces.

There were significant differences in tree densities between geomorphic
surfaces, and they appeared to follow a gradient of decreasing fluvial/hillslope
disturbance, from valleys upslope through ridge surfaces (Table 2.6). Overstory
relative density was significantly different between geomorphic surfaces (F 350 =
35.2; p <.0001), and between surfaces considering only trees rooted in the
geomorphic surface being measured (F 362 = 116.4; p <.0001). The relative density
of trees within valley areas was approximately 12 relative density units lower than
headmost areas (Table 2.7). Headmost areas and slope areas did not differ (p > 0.05)
in their relative densities, although headmost areas had fewer trees per hectare.
Considering only trees rooted in the geomorphic surface being measured, headmost
areas had relative densities 11 units lower than slope areas. The relative density of
slope areas was approximately 10 units lower than ridge areas, however slope
surfaces had similar densities to ridge surfaces considering only trees rooted in the

geomorphic surface being measured.



Table 2.6. Metrics of overstory density (95% CI) for four geomorphic surfaces (n = 63) and entire zero-order basins (n =
252). BA = basal area (m2/ha), RD = relative density.

Overstory metric

Valley

Headmost

Slope

Ridge

Basin means

Total BA (m*/ha)

BA of trees > 70 cm (m*/ha)
Relative density (RD)

RD within geomorphic
surfaces

RD hemlock

RD conifers
RD hardwoods
Canopy cover (%)

Conifer canopy cover (%)
Hardwood canopy cover (%)

Trees per hectare

Quadratic mean diameter

55.2(48.8,61.6)

36.1(30.9,41.2)
38.7(33.9,43.4)
45(25,6.5)

14.2 (9.4, 18.9)
33.9 (28.6, 39.2)
6.1(3.9,8.2)
73.2 (69.6,76.9)

46.7 (38.6, 54.8)
26.7(19.4,34.2)

37.9 (35.3, 40.5)

72.1 (65.9, 78.2)

47.8 (41.5,54.0)
50.8 (46.5, 55.1)
40.0 (35.3, 44.6)

17.7(13.3,22.1)

43.1 (38.4,47.8)
9.3.(5.9, 12.8)

78.4 (747, 82.1)

53.7 (46.5, 61.0)
25.8(19.3,32.4)

38.5(36.3, 40.6)

79.8 (72.7, 86.9)

51.3(45.1,57.4)
55.4 (50.6, 60.2)
51.0(45.7,56.4)

21.5 (16.6, 26.5)
47.8 (42.4, 53.1)
10.1 (6.7, 13.6)
79.2 (75.8, 82.5)
53.9 (46.8, 61.0)

- 25.9(19.0,32.7)
2744 (219.4,329.4) 296.9 (251.9,341.8) 412.8 (336.9,488.7) 497.6 (416.7,578.4) 370.4 (336.3, 404.5)

40.2 (38.5, 42.0)

93.3 (86.2, 100.3)

59.6 (51.7,67.4)
66.1 (61.2,71.0)
46.5 (41.5,51.5)

24.3(19.1,29.5)

59.8 (54.5, 65.2)
8.6 (6.0, 11.3)

85.5 (81.4, 89.6)

64.2(51.2,71.2)
22.4 (16.0, 28.8)

38.6 (36.6, 40.5)

75.1 (71.4, 78.8)

48.7 (45.4, 52.0)
52.7 (50.1, 55.3)
35.5 (324, 38.7)

19.4 (17,21.8)
46.1 (43.3, 48.9)
8.5 (7.1, 10.0)
79.1(77.2, 81.0)

54.6 (50.9, 58.3)
25.2(21.9, 28.5)

38.8 (37.7, 39.8)

|87



Table 2.7. Differences in relative density (RD) of overstory trees between different geomorphic surfaces (n=63).
Differences in overstory tree relative density between geomorphic surfaces (95% CI) (left). Differences in overstory tree
relative density between geomorphic surfaces (95% CI), considering only trees rooted in the geomorphic surface measured

(right). Student’s T statistic and p-values are shown.

Relative density differences between

geomorphic surfaces

Relative density differences between
geomorphic surfaces considering only
trees rooted in geomorphic surface

Contrast

Estimate T p< Estimate T p<
Valley - Headmost Area -12.130 -3.65  0.001 -35.45 -13.65  0.0001
(-18.668, -5.592) (-40.64, -30.26)
Headmost Area - Slope -4.626 -1.39  0.165 -11.08 -3.7 0.0005
(-11.164, 1.912) (-17.10, -5.10)
Slope - Ridge -10.674 -3.22 0.002 4.53 1.69 0.10
(-17.212, -4.136) (-0.83,9.9)

[47%
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Canopy cover was similar among geomorphic surfaces, although tree relative
density was much lower in valleys than in surrounding slope and headmost areas
(Table 2.6). The lack of differences in canopy cover between geomorphic surfaces
may have been due to the contribution of shrub species over two meters in height
(e.g., vine maple) to canopy cover estimates in gap areas, or to the much narrower
lateral extents of canopy cover gaps associated with the most fluvially-active
portions of valley surfaces in zero-order basins, in comparison to floodplains of

higher-order drainages.

Herbaceous and shrub species

I collected forest floor plant species cover data on 138 confirmed plant
species, including 111 herb (forb and graminoids), 21 shrub, and six seedling tree
species (Table 2.8). Sword fern (P. munitum) had the highest cover at 19% (Table
C1, Appendix C); redwood sorrel (0. oregana) had the second highest cover at 17%.
The O m and 1 m lateral zones were dominated by O. oregana, and P. munitum

dominated the 5 m, slope, headmost and ridge zones.
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Table 2.8. Forest floor herb, shrub and seedling tree richness in each geomorphic/
lateral zone in unmanaged zero-order basins. N = 63 basins.

Geomorphic/ Number of Number of herb ~ Number of ~ Number of seedling

lateral zone plots species shrub species tree species
0O m 295 77 17 4
I m 196 73 15 3
5m 192 73 18 5
Slope 127 58 16 3
Headmost 176 60 18 5
Ridge 127 35 16 2
Totals 1113 111 21 6

Indirect gradient analysis

Indirect gradient analysis identified several distinct patterns in plant species
composition (Figure 2.4). Stress for a three-dimensional ordination was 17.05, lower
than random expectation (p = 0.048) and considered “interpretable” under the
stringent criteria developed by Clarke (1993). Correlations between the three axes
and the original 45-dimensional space were 0.439, 0.188 and 0.180, respectively.

After rotation to maximize correlations between Axis | and the single most
highly correlated variable (stability), parameters for stability, distance from basin
center and cover by organic substrates had the strongest positive correlations with
scores on Axis 1 (Table 2.9, Figure 2.5). Fluvial and hillslope disturbance measures
such as surface moisture, deposition, large substrate and scour were negatively

correlated with scores on Axis 1 (Table 2.9, Figure 2.5). Axis 2 represented a
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Table 2.9. Spearman’s rank correlation coefficients (r) and summed coefficients of
determination (Rz) between environmental parameters and axis scores from an
ordination of lateral zones in plant species-space. Parameters ordered by summed R*
values for the three ordination axes. Only parameters with correlations significant at
p <0.001 for at least one axis are shown.

“ns” represents non-significance.

Environmental parameter Axis | Axis 2 Axis 3 Summed R?
Stability 0.669 ns ns 0.448
Organic substrate 0.585 -0.123 0.148 0.379
Large substrate -0.521 ns -0.303 0.363
Deposition -0.576 ns ns 0:332
Relative density within 0.566 ns ns 0.320
geomorphic surfaces
Litter depth 0.535 ns -0.158 0.311
Surface moisture -0.532 ns 0.166 0.310
Conifer canopy cover 0.300 0.141 0.427 0.292
Distance from center 0.529 ns ns 0.280
Relative density of 0.308 ns 0.421 0.272
hemlock '
Scour -0.508 -0.108 ns 0.270
Relative density 0.476 0 0.170 0.256
Basin depth -0.477 0.166 ns 0.256
Hardwood canopy cover -0.158 -0.195 -0.401 0.224
Relative density of ns ns -0.471 0.222
hardwood
Plot height 0.466 ns ns 0.217
Basin gradient -0.183 ns -0.416 0.206
Elevation 0.195 -0.123 0.389 0.204
Ocean distance 0.168 ns 0.417 0.202
Canopy cover 0.402 ns ns 0.162
Large substrate 0.323 0.045 0.231 0.159
Ridge distance -0.332 0.133 ns 0.128
Heat load index 0.211 -0.228 0.156 0.121
Basin area ns -0.232 ns 0.054
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complex gradient, weakly related to position within the basin. Correlations between
environmental variables and scores on Axis 2 were relatively low, with the highest
positive correlation with basin depth and the highest negative correlation with heat
load index. Axis 3 represented a weak gradient in species composition related to
overstory characteristics (Table 2.9, Figure 2.5). Correlations between
environmental variables and scores on Axis 3 were also relatively low, including
positive correlations with canopy cover of conifers and negative correlations with
canopy cover of hardwoods and basin gradient.

Gradients in plant species composition across lateral zones in zero-order
basins were most clear along Axis 1 (Figure 2.4). Along Axis 1, slope and ridge
zones were associated with drier and more stable portions of ordination space, 0 m
and 1 m zones with wetter and more disturbed ordination spaces, and 5 m and
headmost zones were intermediate. Axes 2 and 3 did not clarify relationships
between lateral zones.

In addition to consideration of environmental parameters and lateral zones, I
investigated relationships between cover by individual plant species and species
composition in experimental units (Figure 2.5).  On Axis I, cover of Berberis
nervosa was positively correlated with axis position (r = 0.55); units with high B.
nervosa cover thus also had high stability and low surface moisture. Cover of wet
species like Mitella ovalis were negatively correlated with Axis 1 position (r = -
0.61), and associated with zones with low stability and high surface moisture. Axis 2

helped differentiate between mesic species like O. oregana (r = 0.39) and drier



Table 2.10. Results of model selection and ranking using AICc on sets of mixed linear regression models predicting
ordination score on Axis 1 as a function of environmental parameters (n=375). Models are ordered by increasing AAICc
within a priori or full model sets. Only models with AAICc < 2 are depicted. “X” represents parameters used in models, “-*
represents negative direction of effect. k = the number of parameters in a model. w= Akaike model weight. “Cumul prob”
represents the summed Akaike model weights for a model and all better models. Model fit statistics include the generalized
coefficient of determination (R®), as calculated in Nagelkerke (1991). “Range of parameter” represents the range of values
taken by a parameter in the data set. Parameter predictor weights defined in methods.

Parameters Model ranking / Model fit
Distance Organic Geomorphic Heatload Large Canopy Surface Cumul
Model no. Rank from center substrate surface index substrate cover moisture k AAICc w prob R’
A priori set
AX15 1 X X X -X 6 0*  0.999 - 0.577
(11.50)
Full (a priori and a posteriori) set
1AX124 1 X X X X 6 0.000 0.251 0.251 0.597
1AX130 2 X X X -X 6 0452 0201 0452 0.59%4
1AX115 3 X X X X 6 0733 0.174 0.626 0.608
1AX114 4 X X X -X 6 1992 0.093 0.719 0.605
Coefficient Range 0.003 0.004 -1.850%* 0.170 -0.009 0.002  -0.099 '
to to to to o to to
0.009 0.009 0.722 0.584 -0.004 0.007  -0.043
Range of Variable 0-194 m 0-100% 4 categories 0-1.0 0-100% 0-100%  1-7
Parameter
predictor weights 0.278 0.173 0.124 0.122 0.077 0.073  0.050

* Values presented for a priori set, as well as for the full (a priori and a posteriori) set (in parentheses).
** Geomorphic surface is a categorical variable. Value range given for intercept, instead of parameter coefficient.

0S
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model describing Axis 1 ordination scores (AX15; Table B1, Appendix B) was a
multiple factor ecological model including a categorical term for geomorphic surface
and continuous terms for heat load index, canopy cover, and surface moisture (Table
2.10). This model was over 23 AICc units from its closest competitor, and was
approximately 1000 times more likely to be the best fit to the data in the a priori
model set, based on model weight. The stability parameter was not included in the
best models for Axis 1 (Table 2.10), even though it was the single parameter most
highly-correlated with Axis 1 score (Table 2.9). For model AX15 geomorphic
surface, a categorical parameter, had the strongest effect on plant species
composition (position along Axis 1), after accounting for other parameters in the
model (Table 2.10). The generalized coefficient of determination (generalized R?,
hereafter) for model AX15 was 0.577. For the a priori model set, the null model
(AXO0, Table 2.B1) was ranked 19" out of 21 (AAICc = 139.14), suggesting that
parameters in the best model had relatively high predictive power.

The four top a posteriori models shared two parameters with model AX15:
geomorphic surface and heat load index (Table 2.10). Results for parameter
predictor weights were complementary to model ranking results. The 27 models
within the 0.995 cumulative model weight for the full model set describing Axis 1
supported 11 parameters (Table 2.11). Geomorphic surface zone, heat load index,
mean distance from basin center, and cover by organic substrates were the four most
important parameters for prediction of plant composition (Axis 1 score), considering

parameter predictor weights
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Table 2.11. Parameter predictor weights for environmental parameters used in
models describing ordination axis scores. Results use full model sets, for all
parameters within the 0.995 cumulative model weight, for each of 3 axes.
“Number of models” is the number of models in the full model set supporting each
parameter. “Parameter predictor weight” represents the relative utility of a
parameter in predicting the response (axis score).

Parameter Number of models Parameter predictor weight'
Axis 1

Distance from basin center 6 0.278
Organic substrates 15 0.173
Geomorphic surface 26 0.124
Heat load index 19 0.122
Large substrates 10 0.077
Deposition 3 0.074
Canopy cover 7 0.073
Surface moisture 5 0.05
Litter depth 2 0.012
Basin area 2 0.009
Basin gradient 2 0.008
Axis 2

Plot height 11 0.341
Heat load index 19 0.222
Distance from ridge 11 0.159
Organic depth 11 0.147
Distance from basin center 8 0.069
Basin area 5 0.038
Geomorphic surface -+ 0.024
Axis 3

Conifer canopy cover 14 0.223
Surface moisture 18 0.198
Basin gradient 19 0.188
Distance from coast 20 0.177

Geomorphic surface 3 0.046
Geologic formation 2 0.038
Hardwood canopy cover 1 0.035
Litter depth 5 0.031
Disturbance due to harvest 2 0.024
Disturbance due to roads 6 0.016
Organic substrate 1 0.012

Large substrates 2 0.010

" Parameter predictor weights were standardized for number of models with each parameter
and normalized to sum to 1.0 (Stoddard 2000).
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Axis 2 results

Axis 2 scores in the ordination of experimental units in plant species-space
were best described by a priori 'ecological models with parameters related to
position in the basin, judged by AICc values (Table 2.12). For Axis 2, two models
had AAICc < 2. The best a priori model (AX9, Table B1, Appendix B) was only
1.11 times more likely than its closest competitor to be the best fit to the data,
based on model weights. AX9 was a univariate model with a term for the negative
effect of heat load index (Table 2.12). The second-best model (AX7: AAICc =
0.214) had a positive term for distance from ridge, and a negative term for distance
from basin center. Heat load index had the strongest effect on Axis 2 score. The
null model (AX0) ranked third out of 21 models (AAICc = 7.16), and two best
models had generalized R? values less than 0.08, suggesting poor fit of the best
models to the data.

The best a posteriori models shared two parameters from the best a priori
models: a negative term for heat load index and a positive term for plot height
above stream. The 25 models within the 0.995 cumulative model weight for Axis 2

supported seven parameters (Table 2.11). Based on analysis of parameter predictor



Table 2.12. Results of model selection and ranking using AICc on sets of mixed linear regression models predicting
ordination score on Axis 2 as a function of environmental parameters (n=375). Models are ordered by increasing AAICc
within a priori or full model sets. Only models with AAICc < 2 are depicted. “X” represents parameters used in models, “-*
represents negative direction of effect. k = the number of parameters in a model. w= Akaike model weight. “Cumul prob”
represents the summed Akaike model weights for a model and all better models. Model fit statistics include the generalized
coefficient of determination (R?), as calculated in Nagelkerke (1991). “Range of parameter” represents the range of values
taken by a parameter in the data set. Parameter predictor weights defined in methods.

Parameters Model ranking Model fit
Plot Heat Ridge Organic Distance Cumul
Model no. Rank height load distance depth from center k AAICc w prob R’
A priori set
AX9 1 -X 2 0.000* 0.497 0497 0.071
(9.380)
AX7 2 X X 3 0.214% 0447 0944 0.065
(9.594)
Full (a priori and a posteriori) set
2AX9 1 -X -X 3 0.000 0277 0277 0.120
2AX31 2 -X -X X 4 0450 0.221 0498 0.130
2AX27 3 -X -X -X 4 0863 0.180 0.677 0.140
Coefficient range -0.019 -0.589 0.003 -0.090 -0.008 :
to to to to to
-0.007 -0.120 0.280 -0.011 -0.004
Range of parameter 0-76m 0-1.0 0.0-3.0 O0-15cm 0-194 m
Parameter
predictor weights 0.341 0.222 0.159 0.147 0.069

* Values presented for a priori set, as well as for the full (a priori and a posteriori) set (in parentheses).

129
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weights, plot height, heat load index, distance from ridge and depth of organic
material were the most important parameters for predicting Axis 2 score. These
complementary results provided support for relatively simple position models
including parameters for plot height and heat load index, among the models tested.
However, models for Axis 2 (including the global model) had weak fit in general,
and Axis 2 explained little of the variation in the original ordination space,

suggesting low utility for even the best models.

Axis 3 results

For the a priori set of ecological models describing Axis 3 ordination
scores, a single model (AX10, Table B1, Appendix B) had AAICc < 2. This best
model was over six times more likely than its closest competitor to be the best fit to
the data in the a priori model set. This model included a singl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>