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Abstract approvi

Relationships between the structure and composition of riparian vegetation

with channel morphology were examined in three montane meadow streams in the

headwaters of the Upper Grande Ronde River and North Fork John Day River in the

Blue Mountains, northeast Oregon. Vegetation composition, root biomass, and

channel morphology cross-sections were sampled along the streambanks at Crane

Creek, Little Fly Creek, and Squaw Creek, at each site: a non-incised stream section

and an incised stream section were sampled.

Root biomass was approximately 2 times greater in non-incised sections than

incised sections and decreased with depth more rapidly in incised sections. Total root

biomass in the upper 40 cm of the streambank ranged from 2,150 g m2 to 4,760 g m2

in non-incised sections and from 1,110 g m2 to 2,220 g m2 in incised sections. Shifts

in rooting structure due to incision were observed. Less than 50% of the total root

biomass was found in the top 10 cm of the non-incised sections, with approximately
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20% in successive 10-cm depth increments. In contrast, incised sections had >60% of

the total root biomass in the top 10 cm, 15% in the 10 to 20 cm depth, <15% in the

20 to 30 cm depth, and <10% in the 30 to 40 cm depth.

Bank height was strongly correlated with species composition, explaining

60% of the variance in community structure at the three streams. Relationships

between species composition and channel width were different at each stream, and

appeared to be a product of the stage of channel incision (Schumm et al. 1984).

Sections dominated by hydrophytic vegetation had narrower channels and lower banks

than sections dominated by mesophytic vegetation, indicating a connection with the

water table elevation (bank height) and overbank flows (channel area).

The distribution of root biomass and different community structure between

the non-incised and incised sections suggest a positive feedback between vegetation

and channel incision. The process is as follows: as incision progresses, there is a loss

of hydrologic connectivity, which causes a shift to a drier vegetation assemblage and

decreased root structure, resulting in a reduced erosive resistance capacity in the lower

streambank, thereby allowing further incision and widening. The greater loss of

hydrologic connectivity causes a shift to a yet drier vegetative assemblage that results

in yet less erosive resistance capacity, thereby allowing further incision and widening.

These findings suggest that a relatively minor channel incision, and the

associated shift in the hydrologic regime, may lead to a loss of wet meadow

communities and a decrease in the diversity ofwetland-dominant species.

Understanding these interactions and predicting the response to management activities

are necessary elements of successful process-based management.
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Riparian Vegetation Composition and Structure Associated with Channel Morphology
of Headwater Meadow Streams in the Blue Mountains, Northeast Oregon

INTRODUCTION

Riparian areas are zones of direct interaction between terrestrial and aquatic

ecosystems (Gregory et al. 1991). Approximately 1-2% of the land area in arid

systems is comprised of riparian areas (Kauffman and Krueger 1984), yet they are

significant in terms of biological production and diversity (Gregory et al. 1991,

Naiman and Descamps 1997). These areas are valuable to society through their

multitude of functions and processes, such as flood abatement or augmentation,

corridors for migratory avifauna (Naiman et al. 1993), maintenance of regional

biodiversity (Naiman and Descamps 1997), and water quality control and nutrient

cycling (Green and Kauffman 1989). They are also a major area of concern both

politically (Feller 1998) and biologically because of their rapid and widespread

degradation (National Resource Council [NRC] 1992, Beschta 1 997a).

Riparian areas throughout the western United States have been altered through

land use activities including hydrologic alterations (Dominick and O'Neill 1998),

beaver removal (Naiman et al. 1988), and livestock grazing (Fleischner 1994,

Kauffman and Pyke 2001). Eastern Oregon riparian areas have been affected by these,

and additional activities, including gold mining, splash dams, and road building

(McIntosh et al. 1994). These activities can disrupt the complex linkages between the

geomorphology, the hydrology, and the vegetation that interact to form the riparian

area (Peacock 1994). Disruptions can cause rapid and severe degradation of aquatic
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habitat and sever the connectivity between the terrestrial and aquatic environments

(Beschta 1997a).

There are many feedback responses between riparian vegetation and

hydrologic and geomorphic processes (Patten 1998). Riparian vegetation reduces

stream flow velocity, influences streambank form, and influences the degree of

sedimentation (Hickin 1984, Knighton 1998). Riparian vegetation also influences

biological processes in aquatic environments by providing food and habitat (Naiman

and Decamps 1997), influences temperature via shade (Li et al. 1994, Beschta 1 997b),

and influences water chemistry (Green and Kauffman 1989, Schlesinger 1997).

Riparian vegetation provides a roughness element that increases the frictional

force acting on the flowing water and thus reduces stream flow velocity (Knighton

1998). Velocity is a function of driving forces (hydraulic radius and slope), and

resistance forces (roughness), all of which are influenced by vegetation (Knighton

1998). The Cowan (1956) method for estimating the value of Manning n (the

roughness coefficient used in Manning's equation) includes a vegetation component

(n4) (see also Arcement and Schneider 1989):

fl=(flb+fll +n2+n3+n4)m

Where b is a base value ofn; n1 is a correction value for the effect of

irregularities; n2 is a value for variation in the shape and size of a channel cross

section; n3 is a value for obstructions; and m is a correction factor for the degree of

meandering of the channel. This method indicates that, in small channels and when all

other components are held constant, riparian vegetation can produce an order of

magnitude variation in Manning n. Vegetation also influences the remaining
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components of Manning n to varying degrees. For example, the influence of

vegetation on the variation in channel cross-section (n2) may be slight or very

significant, and the effect of obstructions in the channel (n3) may be greatly influenced

through large organic material inputs provided by riparian vegetation (Keller and

Swanson 1979).

Riparian vegetation influences streambank form with its root network and

vegetative cover. Hydraulic action and mass failure are two main processes involved

in bank erosion (Knighton 1998). The rate of erosion through the process of hydraulic

action is closely related to near-bank velocity, which is reduced when a thick

vegetative cover is present. An overhanging bank is more likely to maintain its

position and resist the process of mass failure if it possesses a strong and deep network

of fibrous roots (Gregory and Gurnell 1988, Knighton 1998). Hickin and Nanson

(1984) found that unvegetated channels could exhibit double the lateral channel

migration rates of vegetated channels. Smith (1976) found that bank sediment with a 5

cm root mat and a root volume of 16-18% had 20,000 times more protection from

erosion than equivalent bank sediment without vegetation or roots.

Riparian vegetation also influences sediment movement through the water

column and over the floodplain (Hickin 1984, Elmore and Beschta 1987, Gregory and

Gurneil 1988). As velocities are reduced, stream power is reduced and the suspended

load is deposited (Knighton 1998). At high discharge levels, when streamfiow moves

into the floodplain, suspended sediment can be retained by vegetation and floodplain

aggradation may occur. Wickiup Creek, in central Oregon, gained 0.60 meters of

sediment ten years following the placement of a livestock exciosure and the channel
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area had decreased by 94% after 50 years (Clifton 1989). The success of livestock

exciosures in "building floodplains" has been discussed widely (Elmore and Beschta

1987, Elmore 1992, Kauffman et al. 1997), but is usually presented in photographs

because of the lack of long-term, intensive monitoring.

When channels become incised (downcut in floodplain), the potential for high

flow discharges to inundate the floodplain decreases and the near-bank water table

elevation follows the dropping stream elevation. These overbank flows are partially

responsible for groundwater recharge. Changes in the amounts of water available to

plants (i.e., groundwater depth in riparian areas) promote the establishment of

different species (Rood et al. 1995, Stromberg et al. 1996, Conroy and Svejcar 1991,

Hupp 1983, Dearden et al. 1998, Linnerooth et al. 1998, Riegel et al. 1991). Different

plant species have different growth forms (Walters and Keil 1996), and this variety in

structures, both below and above ground, will influence channel processes to varying

degrees (Simon and Collison 2002, Abernethy and Rutherfurd 2000, Thorne 1990,

Tacacchi et al. 2000). For example, the dense root system and flexible stems of sedges

(Carex spp) will likely influence channel forms and processes differently from the root

system and branches of willows (Salix spp). Significant differences in structure, and

therefore function, have been observed both among graminoids within the same genus

and between genera. Three Carex species growing in the same site were found to have

significant differences in aboveground standing crop and living, dead, and total

belowground standing crop (Bernard and Fiala 1986). The total belowground standing

crop of Carex trichocarpa, Carex rostrata, and Carex lasiocarpa was 2,237 g/m2,

4,464 g/m2, and 4,948 g/m2, respectively. Manning et al. (1989) found that root length
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density (RLD) and mass decreased as soil moisture (soil matric potential) decreased

across four meadow community types in Nevada. Communities, in order from wettest

to driest, followed by their corresponding values for RLD and mass, were Carex

nebrascensis (95.6 cm/cm3 and 3,382 g/m2), Juncus balticus (33.6 cmlcm3 and 2,545

g/m2), Carex douglasii (25.7 cm/cm3 1,526 g/m2), and Poa nevadensis (8.8 cmlcm3

and 555 gIm2). Minor changes in species composition could induce significant

changes in riparian vegetation structure and function. A reduction in root biomass,

depth, and density could weaken the ability of the riparian vegetation to influence

channel form and process.

Channel incision can have many causes, including a decrease in bed material

discharge (e.g., construction of a splash dam), increase in water discharge (e.g.,

reduction in vegetative cover and infiltration rate), drop in base level (e.g., reduced

retention of groundwater), decrease in river length (e.g., channelization and loss of

meanders), and removal of a control point (e.g., clearing of woody material) (causes

from Galay 1983). Many of these causes are directly related to riparian vegetation.

When a riparian area is grazed, for example, a large percentage of the biomass is

removed and streambank trampling may occur (Kauffman et a. 1983, Elmore 1992).

The remaining riparian vegetation may provide a reduced level of resistance, bank

stability, and sediment retention during high flow events. Because the buffering

capacity of the vegetation has been reduced, stream power and therefore erosive

potential is greater. As a result, bank, bed, and floodplain sediments are transported

downstream rather than deposited on the floodplain. Increased mass failure and



hydraulic action may cause the stream to widen and downcut, which reduces the

floodplain area, thereby reducing the hydrologic connectivity of the system.

Knowledge of the relationships of riparian vegetation to channel morphology

is important for successful restoration efforts (Beschta 1 997a). Understanding the

linkages between the terrestrial and aquatic environments may allow for management

prescriptions that would prevent further detrimental land use practices in these fragile

ecosystems. Comparisons of vegetative and channel characteristics along incised and

non-incised reaches could provide a better understanding of the differences in

structures and processes which have been altered (Watson et al. 2002). Direct

measurements of the floodplain, channel dimensions, and bank attributes will allow

for interpretation and prediction of the degree of connectivity and ecosystem function

between the floodplain and the channel.

This study examined riparian vegetation along headwater streams (2nd and 3rd

order unconstrained reaches through montane meadows) in northeast Oregon. The

objectives of this study were: (1) to quantify differences in selected rip arian vegetation

characteristics, including community structure and root biomass, between incised and

non-incised stream reaches; and to examine associations between channel form and

riparian vegetation composition.
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ABSTRACT

Intact riparian zones are the product of multiple complex linkages between the

geomorphic, hydrologic, and biotic features of the ecosystem. Land-use activities that

sever or alter these linkages result in ecosystem degradation. We examined the

relationship between riparian vegetation and channel morphology by sampling species

composition and herbaceous root biomass in incised (down-cut and widened) versus

non-incised sections of unconstrained reaches in three headwater streams in

northeastern Oregon. Incision resulted in a compositional shift from wetland-obligate

plant species to those adapted to drier environments. Root biomass was --'2 times

greater in non-incised sections than incised sections and decreased with depth more

rapidly in incised sections than in non-incised sections. Total root biomass ranged

from 2,150 gm2 to 4,760 g m2 in non-incised sections and from 1,110 g m2 to 2,220

gm2 in incised sections. In non-incised sections <50% of the total root biomass was

found in the top 10 cm, with 20% in successive 10-cm depth increments. In contrast,

incised sections had >60% of the total root biomass in the top 10 cm, '-'15% in the 10-

20 cm depth, <15% in the 20-30 cm depth, and <10% in the 30-40 cm depth. This

distribution of root biomass suggests a positive feedback between vegetation and

channel incision: as incision progresses, there is a loss of hydrologic connectivity,

which causes a shift to a drier vegetation assemblage and decreased root structure,

resulting in a reduced erosive resistance capacity in the lower zone of the streambank,

thereby allowing further incision and widening.



INTRODUCTION

Riparian areas are zones of direct interaction between terrestrial and aquatic

ecosystems (Gregory et al. 1991). While riparian areas comprise only 1-2% of the land

area in arid systems (Kauffman and Krueger 1984), they are disproportionately

significant in terms of biological production and diversity (Gregory et al. 1991,

Naiman and Descamps 1997, Patten 1998, Kauffman et al. 2001). Riparian areas are

valuable to society through their multitude ofecosystem functions and processes, such

as flood abatement, habitat for migratory birds and aquatic species (Naiman et al.

1993), maintenance of regional biodiversity (Naiman and Descamps 1997), and water

quality control and nutrient cycling (Green and Kauffman 1989). Riparian areas have

received considerable attention by scientists and managers (Johnson et al. 1985, Abel!

1989, Clary et al. 1992, Teilman et al. 1993, Feller 1998, Koehier and Thomas 2000,

Wigington and Beschta 2000) because of concerns centering on their widespread

degradation (National Resource Council [NRC] 1992, Beschta 1997).

Riparian areas throughout the western United States have been altered or

degraded through land-use activities including hydrologic alterations (Dominick and

O'Neill 1998), beaver removal (Naiman et al. 1988), and livestock grazing (Fleischner

1994, Dwire et al. 1999, Kauffman and Pyke 2001). Like many western landscapes,

eastern Oregon rip arian areas have been affected by additional land-use activities,

including mining, logging, splash dams, and road building (McIntosh et al. 1994).



Riparian-stream degradation occurs when hydrologic, geomorphic or biotic

processes are disrupted such that interactions or linkages between these features are

disrupted (Figure 2.1).

Rip arian Arc

ho1o;>

10

Figure 2.1. Model of linkages between geomorphology, hydrology, and the biota.
Altering one of these features will result in a positive feedback response to the others
(modified from Kauffi-nan et al. 1997).

For example, channel incision can sever hydrologic linkages between

floodplains and streams, which then alters the biotic communities (Junk et al. 1989,

Robertson et al. 2001). Incision may be expected when there is an imbalance between

erosive and resistive forces acting on the bank and bed material (Schunim 1999).

Shifts in the forces acting on the bank can be caused by a change in the hydrology,
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geomorphology, or vegetation, which influence each other in a positive feedback

response (Figure 2.1, Kaufthian et al. 1997). The positive feedback response can be

described as follows: channel morphology influences the water availability to the

riparian area (floodplain) (Leopold and Maddock 1953), water availability affects

plant species composition that comprises the riparian communities (Hupp and

Osterkamp 1996, Otting 1998, Chapin et al. 2000), and both aboveground and

belowground vegetation components affect the channel morphology by influencing

both erosive and resistive forces (Hickin 1984, Thorne 1990, Hupp 1999).

Vegetation has been shown to strongly influence channel morphology

(Gregory and Gurnell 1988). Hickin and Nanson (1984) found that unvegetated

channels could exhibit double the lateral channel migration rates of vegetated

channels. Smith (1976) found that bank sediment with a 5-cm root mat and a root

volume of 16-18% had 20,000 times the resistance of equivalent bank sediment

without vegetation or roots, Clifton (1989) reported that when Wickiup Creek (in

central Oregon) was allowed to re-vegetate following livestock exclusion, the channel

aggraded by 60 cm of sediment within ten years and the channel cross-sectional area

had decreased by 94% after 50 years.

We hypothesized that there are four potential responses of root biomass to a

decrease in water availability associated with channel incision (Figure 2.2). There can

be a (a) lower total root biomass but with a similar distribution within the soil

horizons; (b) lower total root biomass and an increased rate of loss with depth; (c) no

change in total root biomass or distribution; and (d) an increased level of total root

biomass (which we did not anticipate). The second response (b) would have the
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greatest potential to affect channel morphology and erosion potential because there

would be an overall decrease in root biomass, particularly at greater depths. The

objective of this study was to examine the relationships between riparian vegetation,

root biomass, and channel morphology in incised and non-incised stream channels.

Root Biornass Root Biornass

I'

a b
Root Biomass Root Biomass

Figure 2.2. Four hypothesized responses of root biomass to channel incision:
(a) less overall root biomass than non-incised stream, same rate of loss with depth; (b)
less overall root biomass than non-incised stream, and an increased rate of loss with
depth; (c) no change from an non-incised stream; and (d) increased level of root
biomass.
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STUDY SITES

The study streams were located in the Blue Mountains of northeastern Oregon

(Figure 2.3). During preliminary reconnaissance, we examined 21 streams and

selected three (Figure 2.4) that met our criteria: an unconstrained alluvial channel; a

low level of recent human impact (i.e., enhancement structures, livestock grazing,

etc.); and the presence of a hydrologic knickpoint (i.e., an area where an abrupt change

of elevation and slope gradient occurs (Brooks et al. 1997)) that separates an upstream,

non-incised section from a downstream, incised section. Starting points of the sections

were chosen with regards to tributary junctions, location of knickpoints, and changes

in valley form. Incised sections were determined using previously collected water

table data and/or physical parameters such as bank height and active channel width.

Incised and non-incised sections were similar in floodplain geomorphology. The

causes of channel incision likely included roads, mining, and grazing.

Crane Creek (44° 53'08"N, 118° 23'50"W; elevation 1,680 m) is a third-order

tributary to the North Fork John Day River. The knickpoint was a road culvert;

however, it was not determined whether the culvert initiated or halted the headcut

(knickpoint). The non-incised section was -4 00 m upstream from the incised section.

Little Fly Creek (45° 03'45"N, 118° 30'15"W; elevation 1,460 m) is a third-

order tributary to the Grande Ronde River. The knickpoint was also a culvert, which

has halted the upstream migration of the headcut (Figure 2.5). The incised section was

'-'200 m downstream of the non-incised section.
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Figure 2.3. Map of the 4th Field Hydrologic Unit Code (HUC) watersheds in Oregon.
Shading depicts the study watersheds: Upper Grande Ronde River and North Fork
John Day River.

Upper Grande Rondc '1

Squaw (reek River Basin

little Fly ('reek

North i'oi'k
.John DaY River fttsi n Crane creek

\IIIL4 9

Figure 2.4. Map of the study streams in the Upper Grande Ronde River and North
Fork John Day River, northeast Oregon.



15

Figure 2.5. Photos of incised section at Little Fly Creek, Upper Grande Ronde River.
The man (circled) in the background of the photo on the left was standing at the
headcut in 1977. The tree (circled) to the left of both photos provides reference and
scale. Note the change in channel width and bank height in 1999 an obvious
disconnect from the floodplain.

Squaw Creek (45° 07'44"N, 118° 32'23"W; elevation 1,370 m) is a second-

order tributary to the Grande Ronde River and has been the subject of a previous

vegetative and hydrologic study, which described the presence of the hydrologic

knickpoint using water table elevation (Otting 1998). The end of the non-incised

section is -10 m upstream from the beginning of incised section.

METHODS

All field data was collected in 1998 and 1999. The U.S. Geologic Survey

gauging station on the Grande Ronde River at Troy, Oregon (USGS 13333000) reports

a 10-year average mean daily discharge of --3,030 cfs from 10/1/87 to 9/30/97. The
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average mean daily discharge at the same station during my study period (10/1/97 to

9/30/99) was recorded at -3,250 cfs; approximately 7% higher than the 10-year

average (USGS 2003).

The length of each sampled section was at least 20 times the average active

channel width, with a minimum length of 40 m. Average valley bottom width and

average geomorphic floodplain width were measured at high flow conditions (during

last snowmelt) from ten equally spaced transects located perpendicular to the valley

sides.

The geomorphic floodplain was defined as the near horizontal surface formed

by fluvial deposition (lateral and vertical accretion) from the channel, which is

frequently flooded under present conditions (i.e., actively being formed, Knighton

1998). The confinement ratio (floodplain width to active channel width) was

determined for each section.

Channel measurements were taken at cross-channel transects spaced one-meter

apart during low flow conditions (Robison 1988, Robison and Beschta 1989). These

measurements included active channel width, wetted width, thalweg depth, bank

height, overhanging bank presence, and depth of overhang. Active channel width is

the width of the channel that is regularly inundated by high flows and was determined

using visual clues such as scour, vertical accretion of fine sediment, and morphology

(Harrelson et al. 1994). Wetted width is the width ofthe channel inundated at the time

of sampling. Thaiweg depth is the point ofgreatest scour, or the maximum depth

along the cross-channel transect. Bank height was defined as the height from the water

surface to the first dominant topographic plane of the streambank (i.e., floodplain or
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terrace; note that this definition does not necessarily reflect active channel-forming

processes). Bank overhang is the length from the farthest point ofprotrusion of the

bank material to the farthest scour point of the bank face.

Vegetation composition was collected within a 25-cm x 25-cm plot at one-

meter intervals for 40 m along the green line of both banks for each section. The green

line is defined as the first perennial vegetation above the stable low water line (Bauer

and Burton 1993). All plants found in the plot were identified to species (Hitchcock

and Cronquist 1973, Walters and Keil 1996) and their cover was estimated. Each

species was assigned into a "wetland indicator category" ranging from wetland-

obligate to upland-obligate (Table 2.1) based upon classifications in Reed (1986).

Wetland indicator categories provide insight into the hydric environment occupied by

each species, and thus provide some indication of hydrologic connectivity at the

immediate streambank.

Table 2.1. Wetland Indicator Categories (from Federal Interagency Committee for
Wetland Delineation 1989).

Wetland Indicator Category Probability of Occurrence

in Wetlands (percent)

Obligate Wetland (OBL) >99
Facultative Wetland (FACW) 67-99

Facultative (FAC) 34-66

Facultative Upland (FACU) 1-33

Obligate Upland (UPL) <1
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Herb aceous belowground biomass (roots) was determined from collections of a

67-mm diameter soil core to a depth of 40 cm (Otting 1998). Sixteen cores per section

(8 per bank) were sampled at equidistant points along the streambank. The samples

were divided in the field into 10-cm depth increments (0-10 cm, 10-20 cm, 20-30 cm,

and 30-40 cm) and placed in plastic bags. Roots were separated from soils using a

Hydropneumatic Elutriation System (Gillison's Variety Fabrication, Inc., Benzonia,

Ml) and 0.5-mm mesh screens to remove soil, rocks, and other debris. The washed

samples were placed in drying ovens at 60° C for at least 24 hours. The samples were

then sorted to remove any remaining non-herbaceous material (wood, seeds, etc.) and

dried to constant dry weight. Weighed subsainpies of the roots from each depth

increment and site were combusted in a muffle furnace at 500° C for 24 hours to

determine biomass on an ash-free basis (Bohm 1979). The ash-free dry weight

estimate is reported here because total removal of soil particles is difficult and this

best reflects root mass.

Student's t-tests (Ramsey and Shafer 1996) were used to test for differences in

the channel morphology parameters. The non-parametric Wilcoxon rank sum test and

Kruskal-Waflis rank test were used to test for differences in the non-normally

distributed root biomass data.
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RESULTS

Channel Morphology

Incised sections were characterized as wide channels with shallow water

depths at low flow, narrow floodplains, high banks (deep channel), and low

percentages of overhanging banks (Table 2.2). Relative to the incised sections, the

non-incised sections were characterized as narrow channels with deep water depths at

low flow, wide floodplains, low banks, and high percentages of overhanging banks

(Figure 2.6). Average active channel width was <2.0 m in the non-incised sections

while> 3.5 m in the incised sections. Average wetted width was < 1.6 m in the non-

incised sections (Table 2.2) and> 1.8 m in the incised sections. Average thaiweg

depth was significantly greater in non-incised sections compared to incised sections.

Floodplain width was < 10 m in all incised sections while ranging from 15-34

m in the non-incised sections (Table 2.2). Confinement ratios were 6.5 to 18 times

greater in the non-incised sections than in the incised sections. Even with the broad

valley bottoms, all of the incised sections had confinement ratios at or below 2, with

the floodplain <2 times as wide as the active channel. Thus only a narrow corridor of

floodplain remained for aquatic-terrestrial interactions during overbank flows.

Non-incised sections had mean bank heights < 0.42 m while the incised

sections had mean bank heights of 0.43 - 1.50 m. For example, the mean bank height

at Little Fly Creek was 0.41 m and 1.50 m in the non-incised and incised sections,

respectively.
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Table 2.2a. Geomorphic variables of Crane Creek.
Data represent the mean values followed by the standard error. Comparisons of
channel characteristics between sections were conducted with a paired two-sided
Student's t-test.

Study Reach

Non-incised Incised p-value

Confinement Ratio 31 ± 3.5 1.7 ± 0.2 <0.001
Floodplain Width (m) 34± 1.4 8±0.4 <0.001
Valley Width (m) -p250 -250 na
Bank Height (m) 0.31 ± 0.01 0.56 ± 0.02 <0.001
Wetted Width (m) 1.28 ± 0.08 3.23 ± 0.16 <0.001
Active Channel Width (m) 1.70 ± 0.08 5.30 ± 0.19 <0.001
Thaiweg Depth (m) 0.43 ± 0.02 0.35 ± 0.02 0.00 12

Overhanging Bank Frequency 100% 43% <0.001

Table 2.2b. Geomorphic variables of Little Fly Creek.
Data represent the mean values followed by the standard error. Comparisons of
channel characteristics between sections were conducted with a paired two-sided
Student's t-test.

Study Reach

Non-incised Incised p-value

ConfinementRatio 12±0.8 1.4±0.1 <0.001
Floodplain Width (m) 25± 0.7 9± 1.0 <0.001
Valley Width (m) 63 ± 0.9 79 ± 0.8 <0.001
Bank Height (m) 0.41 ± 0.01 1.50 ± 0.06 <0.001
Wetted Width (m) 1.58 ± 0.05 2.00 ± 0.08 0.0003

Active Channel Width (m) 1.90 ± 0.08 853 ± 0.39 <0.001
Thalweg Depth (m) 0.16 ± 0.01 14 ± 0.01 0.136

Overhanging Bank Frequency 89% 44% 0.018



21

Table 2.2c. Geomorphic variables of Squaw Creek.
Data represent the mean values followed by the standard error. Comparisons of
channel characteristics between sections were conducted with a paired two-sided
Student's t-test.

Study Reach

Non-incised Incised p-value
Confinement Ratio 13 ± 0.8 2 ± 0.3 <0.001
Floodplain Width(m) 15 ± 0.5 6 ± 1.0 <0.001
Valley Width (m) 37 ± 0.9 43 ± 2.9 0.076
Bank Height (m) 0.30 ± 0.01 0.43 ± 0.02 0.000 1

Wetted Width(m) 1.17 ± 0.06 1.85 ± 0.08 <0.001
Active Channel Width (m) 1.70 ± 0.07 3.60 ± 0.13 <0.001
Thalweg Depth (m) 0.27 ± 0.02 0.19 ± 0.01 0.0002
Overhanging Bank Frequency 59% 31% 0.018

Over 59% of the sampled streambank length in the non-incised sections had

overhanging banks (59% at Squaw Creek to 100% in Crane Creek) while the

frequency of overhanging banks along the sampled streambank length in the incised

sections was always < 50% (i.e., 31% at Squaw Creek and 43% at Crane Creek). The

average depth of overhanging banks was 1 .5 to 3 times greater in the non-incised

sections than the incised sections.
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Figure 2.6 a. Conceptual channel cross-section of a non-incised stream in
unconstrained, headwater reaches for a hypothetical stream in northeast Oregon.
The meadow widths have been shortened for interpretability, and would be many
meters. The representation is based upon results of this study and data presented in
Dwire (2001) and Otting (1998). High flows inundate wet and moist meadows, water
tables during base flow are within the rooting zones of the streamside vegetation, and
the dense root mass surrounds the channel. Figure drawn by Dian Cummings,
modified from Toledo and Kauffman 2001).
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Figure 2.6b. Conceptual channel cross-section of an incised stream channel in
unconstrained, headwater reaches for a hypothetical stream in northeast Oregon.
The meadow widths have been shortened for interpretability, and would be many
meters. The representation is based upon results of this study and data presented in
Dwire (2001) and Otting (1998). In contrast to non-incised reaches, high flow
interaction with floodplain vegetation is greatly reduced in incised reaches. The root
mass is diminished such that there is little connection with summer base flows and
stream channels are marginally influenced by root mass. Figure drawn by Dian
Cummings, modified from Toledo and Kauffman 2001).
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Species and Community Composition

Calculation of streambank plant species composition based upon wetland indicator

categories provides a good indication of the degree of hydrologic connectivity

between the channel and terrestrial zones (Figure 2.7). Obligate-wetland and

facultative-wetland species dominated the non-incised sections while facultative-

upland species largely dominated the incised sections. For example, obligate-wetland

and facultative-wetland categories composed 80% of the species in the non-incised

section of Crane Creek and 86% of the species in the non-incised section of Squaw

Creek. Whereas obligate-wetland and facultative-wetland categories composed only

41% of the species in the non-incised section of Crane Creek and 53% of the species

in the non-incised section of Squaw Creek. Incision clearly resulted in a compositional

shift to species adapted to drier environments.

Herbaceous Root Biomass

There were dramatic differences in the root biomass of streambanks at incised

and non-incised sections (Table 2.3). Total mean root biomass was -2 times greater in

the non-incised sections than in the incised sections. For example, at Crane Creek

mean root biomass (to 40 cm depth) was 3,260 g m2 in the non-incised section and

1,560 gm2 in the incised section. Similarly, at Squaw Creek mean root biomass (to 40

cm depth) was 4,760 g m2 in the non-incised section and 2,220 g m2 in the incised

section.
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Figure 2.7a. Wetland Indicator Category cover (percent) for the non-incised and
incised sections of Crane Creek, North Fork John Day River Basin.
OBL = wetland obligate, FACW = facultative wetland, FAC = facultative, FACU
facultative upland, UPL upland obligate.
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Figure 2.7b. Wetland Indicator Category cover (percent) for the non-incised and
incised sections of Little Fly Creek, Upper Grande Ronde River Basin.
OBL = wetland obligate, FACW = facultative wetland, FAC = facultative, FACU =
facultative upland, UPL = upland obligate.



Figure 2.7c. Wetland Indicator Category cover (jercent) for the non-incised and
incised sections of Squaw Creek, Upper Grande Ronde River Basin.
OBL = wetland obligate, FACW = facultative wetland, FAC = facultative, FACU
facultative upland, UPL = upland obligate.

Table 2.3a. Herbaceous root biomass (g m2) along streambanks of Crane Creek.
Mean biomass values are presented with standard deviations in parenthesis. Letters
denote significant differences (P<0.05) within a section. Numbers denote significant
differences between sections. Bold letters denote significant differences at P<O. 10. All
totals are significantly different between sections.

Study Section

Depth (cm) Non-incised Incised

0-10
1,520a,1 (760) 1,180a.1 (980)

10-20 630b(580) 190b(120)

20-30 450b(310) 130c(160)

30-40 670b,1 (450) 60c (60)

TOTAL
3,260 1,560
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Table 2.3b. Herbaceous root biomass (g m2) along streambanks of Little Fly Creek.
Mean biomass values are presented with standard deviations in parenthesis. Letters
denote significant differences (P<0.05) within a section. Numbers denote significant
differences between sections. Bold letters denote significant differences at P<0. 10. All
totals are significantly different between sections.

Study Section

Depth (cm) Non-incised Incised

0-10
910a,1 (480) 670a,1 (500)

10-20 580a,b,1 (360) 180b2(210)

20-30 440b,1 (330) 150b,2 (170)

30-40
230c2 (300) 110b2(12o)

TOTAL
2,150 1,110

Table 2.3c. Herbaceous root biomass (g m2) along streambanks of Squaw Creek.
Mean biomass values are presented with standard deviations in parenthesis. Letters
denote significant differences (P<0.05) within a section. Numbers denote significant
differences between sections. Bold letters denote significant differences at P<0. 10. All
totals are significantly different between sections.

Study Section

Depth (cm) Non-incised Incised

0-10 l,610a,1 (950) 1,270a,1 (1,230)

10-20 1000b,1 (830) 520b (620)

20-30 1120a,b,1 (740) 260b,c (320)

30-40
1,03011 (810) 170c(250)

TOTAL
4,760 2,220



The distribution of root biomass with depth was different between the non-

incised and incised sections, with non-incised sections retaining greater proportions of

root biomass at depth than incised sections (Figure 2.8). The non-incised sections had

34-47% of the total root biomass within the top 10 cm and 20% of the remaining root

biomass within each subsequent 10-cm increment of depth. In contrast, the incised

sections had 57-76% of the total root biomass within the top 10 cm followed by a

rapid loss of root biomass with depth: -45% (10-20 cm depth), <15% (20-30 cm

depth), and <10% (30-40 cm depth). Comparisons of root biomass in the top (0-10

cm) depth between incised and non-incised sections at any of the streams found

differences at p-values of 0.13 at Crane Creek, 0.12 at Little Fly Creek, and 0.12 at

Squaw Creek. There was a high proportion ofroot biomass at depth in non-incised

riparian systems, with a rapid reduction in root biomass at depth in incised riparian

systems.
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Figure 2.8a. Total root biomass (g m2) at 10-cm depth increments for Crane Creek.
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Figure 2.8b. Total root biomass (g m2) at 10-cm depth increments for Little Fly Creek.
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Figure 2.8c. Total root biomass (g m2) at 10-cm depth increments for Squaw Creek.
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DISCUSSION

The relatively high level of root biomass in non-incised sections has been

reported for other studies in similar communities. Bernard and Fiala (1986) reported

root biomass levels for three Carex-dominated communities to range from 2,237 g

for Carex trichocarpa to 4,988 gm2 for C. lasiocarpa. In this study, we found

dramatic changes in species composition as well as declines in root biomass in relation

to incision. This is likely related to the loss of the water table (decreased availability of

water) close to the soil surface. This reduction in water likely results in reduced

growth, increased root mortality, and a shift to more shallow-rooted species; all

contributing to the lower root biomass values observed in the incised sections.

Manning et al. (1989), Dwire (2001), and Otting (1998) found strong relationships

between water availability and root biomass. Manning et al. (1989) reported that root

biomass decreased along a soil moisture (water availability) gradient in a Nevada

riparian system (3,382 gm2 in wet meadow versus 555 g m2 in dry meadow

communities). Dwire (2001) reported that root biomass in dry, moist, and wet meadow

communities along West Chicken Creek (in northeast Oregon) were 749 g m2, 1,525 g

m2, and 3,502 g m2, respectively. In areas within a northeast Oregon riparian zone

where groundwater always remained close to the soil surface, root biomass was 4,375

gm2 (Otting 1998) compared with 1,237 g m2 in areas of the same meadow where

groundwater never reached the surface.
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We found that root distributions responded to the hypothesis described in

Figure 2.2b; both biomass and distribution declined with incision. This pattern of

diminished root biomass with depth occurred in all three incised sections (Figure 2.8).

There was a relatively even distribution of root biomass (no significant difference) at

depths of 10-40 cm at the non-incised sections of Crane and Squaw Creeks. In

contrast, there were significant differences (i.e., loss with depth) in these lower depths

at the incised sections. These results support the hypothesis that streams with a low

water table during base flows tend to decrease in root biomass with depth at a faster

rate than streams with high water tables during base flows.

Vegetation composition and structure is a strong indicator of hydrologic

connectivity. The dramatic differences in species composition along the streambank

over short stream distances demonstrate the strong influence of channel form on

hydrologic connectivity and hence species composition. Otting (1998) found a strong

correlation between species composition and water availability, with -75% of the

variance in community structure explained by the average growing season

groundwater levels. In this study, even minor channel morphology differences (i.e.,

-0. 13-rn difference in mean bank height at Squaw Creek) were related to dramatic

species, root biomass, and structural differences (Table 2.2, Figure 2.7). These

differences are even more dramatic when one considers that the data were all collected

at the immediate margins of the streambank. These differences in aboveground and

belowground structure would likely have different effects on channel morphology and

hydrology. With a decline in root biomass, stream channels would likely be more

susceptible to bank erosion, further exacerbating the loss of connection between



32

hydrologic and biotic components of riparian ecosystems. Many of the subtle channel

differences may be difficult to observe quickly in the field; however, the vegetation

shifts in composition can provide easily observable indicators of the ecological

condition of a given site.

Land use alters riparian biotic composition, channel morphology, and

hydrologic connectivity of meadow-dominated headwater streams. Biotic, hydrologic,

and geomorphic features are linked in a positive feedback relationship such that

effects to one component of the ecosystem will illicit changes in the others. For

example, overgrazing by domestic livestock can alter vegetation composition, which

may reduce both root biomass and infiltration rates leading to increased peak flows.

This could then result in channel widening and incision. The challenge to land

managers lies in the development of restoration approaches that would reverse

processes of degradation and reconnect linkages between stream channels and riparian

zones.
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RIPARIAN COMMUNITY STRUCTURE IN RELATION TO CHANNEL
MORPHOLOGy OF HEAD WATER STREAMS

Zachary 0. Toledo
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ABSTRACT

Ecological functions within a riparian area are largely determined by the

degree of interactions between the channel, hydrology, and vegetation. When channels

become incised, the lateral extent of interactions are reduced, leading to a shift in each.

Channels tend to incise in predictable stages: degradation, widening, aggradation, and

recovery, with each stage presenting a separate hydrologic regime. However, if the

original cause(s) of channel incision are not removed, then recovery is unlikely. I

examined patterns between channel form and streambank plant community structure

along a continuum of channel conditions in three mountain meadow streams in the

Blue Mountains, northeast Oregon. Plant species cover and low-flow channel

dimensions were sampled along transects in Crane Creek, Little Fly Creek, and Squaw

Creek. Each meadow contained an non-incised section located upstream of an incised

section, thus providing an array of channel conditions.

Community composition of the streamside vegetation was distinct for each

stream: Carex aquatilis (37%) and Poa pratensis (15%) dominated Crane Creek, Poa

pratensis (19%) and Aster occidentalis (10%) dominated Little Fly Creek, and Carex

aquatilis (28%) and Carex lanuginosa (9%) dominated Squaw Creek. There were

significant differences in community composition between the incised and non-incised

sections at all streams (MRPP p-values << 0.0001), with the greatest differences at

Little Fly Creek (MRPP A = 0.148) and Squaw Creek (MRPP A 0.122).

Bank height was most strongly related to species composition, explaining

between 58% to 64% of the variance in community structure at all streams. Active
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channel width explained 40% and 50% of the variance in community structure at

Squaw Creek and Little Fly Creek, respectively. Low banks and narrow channels were

associated with hydrophytic species, whereas higher banks and wider channels were

associated with mesophytic and upland species.

Channels approximately twice as wide and with banks < 0.15 m higher

appeared to have significantly altered vegetation-hydrology relationships. The

streambank herbaceous community may act as the "canary in the coal mine" to

indicate when the hydrologic regime has been altered.

INTRODUCTION

Riparian areas are the product of numerous complex interactions between the

biota, geomorphology, and hydrology (Gregory et al. 1991, Kauffman et al. 1997;

Figure 2.1). A narrow channel and low streambanks (relative to the water surface)

characterize an intact riparian system in unconstrained mountain meadow streams.

Narrow, well-vegetated banks promote overbank flows (Rowntree and Dollar 1999,

Wyzga 2001, Chapin et al. 2002) and the low banks indicate a near-surface water table

(Bendix and Hupp 2000), both of which are components of the hydrologic regime that

sustains a functioning riparian community. The two components interact

synergistically within a given reach to affect the composition and structure of the

vegetation, which influences the hydrology, which influences the channel, which

influences the vegetation, in a positive feedback process (Fatten 1998, Toledo and

Kauffman 2001, Abernethy and Rutherfurd 2000).
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The relative dominance of these components is largely determined by channel

form. The local water table elevation will tend to follow the elevation of the stream

(Winter et al. 1999), so that an incised channel will have a low water table and a non-

incised channel will have an elevated water table. In addition, the channel cross-

sectional area (a product of bank height and channel width) will determine the

potential for overbank flooding (frequency, duration, magnitude),associated with a

given flow volume (Doyle and Shields 2000).

A common process altered in riparian areas due to land use is the hydrologic

interaction between the stream and the floodplain whereby channel incision occurs

(Malanson 1993). As the interactions between the floodplain and the stream are

reduced, the system may be unable to sustain the diverse functions previously

provided (NRC 1992). Channel incision is an ongoing ecological and economical

problem around the globe (Bravard et al. 1999), including the Intermountain West

(Briggs 1996). An incised channel will typically contain the two-year or greater

recurrence interval flood (Watson et al. 2002); that is to say, the floodplain may

become a terrace that is infrequently flooded (Pickup and Warner 1976) and over bank

flows are less frequent than before incision. Channel incision also leads to a lowering

of the water table (Bravard et al. 1999), loss ofriparian and wetland areas (Riegel et

al. 1991), reduced foraging opportunities for domestic and wild animals (Kauffinan

and Krueger 1984), and reduced carrying capacity of salmonids (Liquori and Jackson

2001). Channel simplification via incision results in loss of habitat diversity and

reduced channel margin habitat (Shields et al. 1994). Reductions in wetland areas

(Morganweck 1989, Mitsch and Gosslink 1993), decreasing migratory bird
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populations (USFWS 1995), and millions of dollars spent on recovery of threatened

and endangered salmonids (NMFS 2003) are just some of the examples of the

ecological and economical impacts ofchannel degradation.

At the most basic level, channel incision occurs when there is a disequilibrium

between the resistive and erosive forces acting on the bed and banks of a stream

(Simon and Collison 2002). An alternative way to view incision is as an imbalance

between the sediment supply and sediment demand within the channel (Watson et al.

1988). There can be many causes of channel incision (Thorne 1982, Galay 1983,

Schumm et al. 1984), with most attention directed at causes from land-use, which may

result in an increase in stream power (Knighton 1998, Doyle and Shields 2000) or a

shift in the sediment regime. There is a need to direct more attention at the resulting

changes to the vegetation, such as root mass and bank cover, which also functions in

channel dynamics.

Stream channels tend to follow a predictable process of incision and

subsequent recovery, as described in the Channel Evolution Model (CEM) (Schumm

et al. 1984, Simon and Hupp 1986). However, it is important to note that recovery is

unlikely if the original cause(s) of channel incision are not removed. The model

includes distinct channel stages, which are distinguished by the dominant fluvial

process at a given stage. The model assumes that the channel occurs on top of

erodable alluvium. This process describes a loss and eventual regain of dynamic

equilibrium (Leopold and Maddock 1953, Leopold and Bull 1979) between erosive

and resistive forces acting on the channel. The process begins with a channel that has

not experienced significant bed or bank instability (Stage I; Figure 3.2). In this



scenario, the current bank height is less than the critical bank height (i.e., the bank

height at which the bank becomes unstable).
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Figure 3 .2a. Conceptual channel cross-section of an unconstrained stream reach at
Stage I of the incised channel evolution model (Schumm 1984) for a hypothetical
stream in northeast Oregon.
The meadow widths have been shortened for interpretability, and would be many
meters. High flows inundate wet and moist meadows. Water tables during base flow
are within the rooting zones of the streamside vegetation and the dense root mass
surrounds the channel. The bank height is less than the critical bank height. The rate of
aggradation and degradation are near equal. Figure drawn by Dian Cummings,
modified, from Toledo and Kauffman 2001).
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Figure 3 .2b. Conceptual channel cross-section of an unconstrained stream reach at
Stage II of the incised channel evolution model (Schumm 1984) for a hypothetical
stream in northeast Oregon.
The meadow widths have been shortened for interpretability, and would be many
meters. High flows inundate wet meadows. Water tables during base flow are below
the rooting zones of the streamside vegetation and the dense root mass no longer
surrounds the channel. The bank height has exceeded the critical bank height. The rate
of degradation is greater than aggradation. The roots in the wet meadow will begin to
die and decompose as the hydrologic connectivity is further reduced. Figure drawn by
Dian Cummings, modified from Toledo and Kauffman 2001).
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Figure 3 .2c. Conceptual channel cross-section of an unconstrained stream reach at
Stage III of the incised channel evolution model (Schumm 1984) for a hypothetical
stream in northeast Oregon.
The meadow widths have been shortened for interpretability, and would be many
meters. High flows remain within the channel margins. Water tables during base flow
are well below the rooting zones of the streamside vegetation and the root mass has
greatly diminished and surrounds only the upper fringes of the streambank. The bank
height has far exceeded the critical bank height. Mass failure (channel widening) is the
dominant process. Figure drawn by Dian Cummings, modified from Toledo and
Kauffman 2001).
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Figure 3 .2d. Conceptual channel cross-section of an unconstrained stream reach at
Stage IV of the incised channel evolution model (Schumm 1984) for a hypothetical
stream in northeast Oregon.
The meadow widths have been shortened for interpretability, and would be many
meters. High flows inundate newly established hybrid wet-moist meadows. Water
tables during base flow are within the lower rooting zones of the streamside vegetation
and the root mass is beginning to surround the channel. The bank height is less than
the critical bank height. The rate of aggradation is greater than degradation. The
exposed bank will begin to re-vegetate as the system stabilizes. Figure drawn by Dian
Cummings, modified from Toledo and Kauffman 2001).
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The critical batik height is determined by a number of factors, such as rooting

depth (a product of riparian vegetation), soil cohesion (a product of riparian

vegetation), and discharge (a product of vegetation) (Harvey and Watson 1986,

Thorne 1990). As the process of channel incision begins (via a change in the

vegetation, hydrology, and/or geomorphology), bedload is transported downstream

faster than it is supplied, resulting in active bed degradation (Stage II). As the bank

height exceeds the critical bank height (e.g., root zone), mass failure of the bank

ensues and the channel widens (Stage III; Figure 3.2). As the incision moves

upstream, the increased sediment supply exceeds the transport capacity and

depositional features develop along the deepened channel margins (Stage IV).

Vegetation may establish on the depositional features, which function as newly

established banks, unless eroded by flows higher than the new depositional surfaces.

The narrowing channel, which is now bounded by a smaller floodplain within the

incised channel cross-section, reaches a state of dynamic equilibrium with the bank

height, again less than the critical bank height (Stage V). The result is a reduction,

often times significant, of the floodplain area, and the associated ecological functions.

Because channel dimensions (bank height and channel width) are important

physical determinants of the hydrologic component (over bank flows and water table

elevation) influencing the streambank vegetation, there should be a relationship

between plant community structure and channel form. I hypothesize that the

relationship between the dominant hydrologic component and channel form will be

most reflected in the streambank herbaceous community because of its rapid response

to change (i.e., growth, maturity, establishment, shallow roots), relative to trees and
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shrubs (Environmental Laboratory 1987, Stromberg et al.1996). Assuming channels

follow the incised channel evolution model, different stages should reflect different

channel dimensions that will promote different hydrologic components. The shifting

hydrologic components should reflect different streambank community patterns as the

species respond to an altered environment. Figure 3.3 illustrates these differences

between stages and hydrologic components. Note that the hypothetical channel areas

in Stage II and Stage IV are similar, therefore, overbank flooding conditions are

similar at the two channel types. However, the bank height difference would promote

a higher water table elevation in Stage IV than in Stage II, thus resulting in different

streamside community structure of more hydric species. I hypothesize that each stage

of the incised channel evolution model will reflect a different community structure

because each stage of the incised channel evolution model stage has a different

hydrologic regime associated with its channel type.

The objective of this study was to examine the link between the herbaceous

streambank community and channel geomorphology along mountain meadow streams

in the Blue Mountains of northeast Oregon.



Figure 3.3. Diagram illustrating how overbank flooding and streambank water surface
elevation are influenced disproportionately at different stages of the incised channel
evolution model (Schumrn et al. 1984, represented by Roman numerals).
The gird pattern represents the low-flow channel cross-section, where the top of the
grid pattern represents the top of bank and the bottom of the grid pattern represents the
water surface elevation at low flows, which is analogous with water table elevation.
The cross-sectional area of Stage I would reflect the ordinary high water or 2-year
return interval flood flows, so 40 units approximate this flow in the other stages. The
unit-less product shown indicates the relative channel area that must be flooded prior
to overbank flooding. Note that Stage II and IV have similar channel areas (i.e.,
equivalent overbank flooding) but that the water table elevation is higher in Stage IV
than Stage II.
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STUDY SITES

This study was conducted along headwater reaches of the upper Grande Ronde

River and North Fork John Day River in the Blue Mountains ofnortheastern Oregon

(Figure 2.3). During preliminary reconnaissance, I examined 21 streams and selected

three that met criteria for study: unconstrained alluvial channel; low levels of recent

human impacts (i.e., lacking aquatic habitat enhancement structures, absence of

livestock grazing within the past 5+ years, etc.); and presence of a hydrologic

knickpoint (i.e., an area where an abrupt change of elevation and slope gradient occurs

[Brooks et al. 1997]) that separates an upstream, non-incised section from a

downstream, incised section in an otherwise uniform geomorphic setting. The selected

streams were: Crane Creek, Little Fly Creek, and Squaw Creek (Figure 2.4). Each

stream represents a single observational study, with inferences to the population of

streams being limited by the relatively small sample size of incised streams. Site

characteristics of the selected streams were presented in Chapter 2 of this Thesis and

are summarized in the following sections.

I attempted to ensure uniformity in floodplain geomorphology and valley slope

in the study reaches. The study sections were chosen to have similar characteristics of

tributary junctions (i.e., consistent discharge), location ofknickpoints, and changes in

valley form (i.e., within unconstrained reaches). Incised sections were determined

using water table data (Otting 1998) andlor physical parameters such as bank height

and active channel width. The causes or stages of channel incision (Schumm et al.

1984, Schumm 1999) were not a factor in site selection.
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Crane Creek

Crane Creek (44° 53'08"N, 118° 23'50"W; elevation 1,680 m) is a third-order

tributary to the North Fork John Day River located on the Umatilla National Forest.

The knickpoint is a road culvert; however, I could not determine whether the culvert

initiated or halted the headcut (knickpoint). The non-incised study section is 100 m

upstream from the incised section. The study area on the upstream side of the road is

bisected by a forest road, which reduces the -600-m wide Crane Flats to an

approximately 250-rn wide meadow. The meadow on the downstream side of the road

is approximately 250 m wide, and narrows over an approximately 3-km distance until

it becomes steeply confined for its remaining 3 km before entering the North Fork

John Day River. The floodplain of the non-incised section is more than four times as

wide as the incised section (Table 2.2a). The average bank height is 0.25 m lower and

the average thaiweg depth is nearly 0.10 m deeper in the non-incised section. The

active channel width is more than three times wider and overhanging banks are half as

frequent in the incised section.

Little Fly Creek

Little Fly Creek (45° 03'45"N, 118° 30'lS"W; elevation 1,460 m) is a third-

order tributary to Fly Creek and ultimately the Grande Ronde River. The watershed is

located on the Wallowa-Whitman National Forest. The knickpoint is also a culvert,

which has halted the upstream migration of the headcut. The incised section is 200 m

downstream of the non-incised section. The floodplain of the non-incised section is

more than 2.5-times as wide as the incised section (Table 2.2b). The average bank
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height is 1.0 m lower in the non-incised section. The active channel width is more than

four times wider in the incised section and overhanging banks are half as frequent.

Squaw Creek

Squaw Creek (45° 07'44"N, 118° 32'23"W; elevation 1,370 m) is a second-

order tributary to Fly Creek and ultimately the Grande Ronde River and has been the

subject of a previous vegetative and hydrologic study, which described the presence of

the hydrologic knickpoint using water table elevation (Otting 1998). The watershed is

located on the Wallowa-Whitman National Forest. The knickpoint is a transient,

pronounced phenomenon that is longitudinally confined (i.e., a distinct 0.4 m

approximately 0.5 m in total length). The lower end of the non-incised section is '-10

m upstream from the beginning of the incised section. The floodplain of the non-

incised section is '-2.5-times as wide as the incised section (Table 2.2c). The average

bank height is '-0.13 m lower in the non-incised section. The active channel width is

more than two-times wider in the incised section and overhanging banks are nearly

half as frequent.

METHODS

Data Collection

Field measurements occurred between March and September 1998, and April

and September 1999. The length of each sampled section was at least 20-times the

average active channel width, with a minimum length of 40 m. Average valley bottom



width and average geomorphic floodplain width were measured at high flow

conditions from 10-equally spaced transects located perpendicular to the valley sides.

The geomorphic floodplain was defined as the near horizontal surface formed by

fluvial deposition (lateral and vertical accretion) from the channel, which is frequently

flooded under present conditions (i.e., actively being formed; Knighton 1998).

Vegetation composition was measured within 25-cm x 25-cm plots at 1-rn

intervals for 40 m along both streambanks at each section. 160 small plots (80 per

section) were selected to obtain relatively accurate abundance estimates for the

dominant species and at the same time allow for within-site variance patterns

(McCune and Lesica 1992). I sampled the streambank herbaceous vegetation

composition present at the point above the stable low-water line (i.e., green-line)

(Bauer and Burton 1993). All plants found in the plot were identified to species

(vascular plant nomenclature follows Hitchcock and Cronquist 1973) and their aerial

cover was recorded.

I sampled species composition and cover at each site during the period

between 25 June and 2 July, 1999. It did not appear as though extreme disturbances

such as fire or high magnitude flooding had influenced the meadow vegetation in

many years; except at the non-incised section of Little Fly Creek, where a stand-

replacing fire had occurred within a few years prior to the survey. Because it had been

at least three years since the fire, and herbaceous vegetation recovered quickly from

such disturbance.



Data Analysis

Species Diversity

Species diversity was calculated using three diversity measures: alpha

diversity, gamma diversity, and beta diversity (Whittaker 1972). Alpha diversity is

calculated as the average species richness per plot. Gamma diversity is the landscape-

level diversity estimated as the total number of species across plots. Beta diversity is a

measure of heterogeneity in the data, which I calculated as the ratio of the total

number of species (gamma) to the average number of species (alpha).

Data were transformed before performing further analysis. Species cover for

each species was log (+1) transformed to reduce the average skewness of both species

and sample unit data (Ludwig and Reynolds 1988). For each site, species present in

less than eight of the 160 plots (i.e., fewer than 5 percent of the sample units) were

excluded from the analysis to enhance the detection of relationships between the

riparian community and channel morphology (i.e., reduce influence of rare species;

McCune 2000, unpublished). This resulted in a reduction of 31 species at Crane Creek

(from 64 to 33 species), a reduction of 36 species at Little Fly Creek (from 72 to 36

species), and a reduction of 35 species at Squaw Creek (from 70 to 35 species). Plots

with no herbaceous vegetation recorded (i.e., blank rows) were removed from the

analysis (three plots at Little Fly Creek and one plot at Squaw Creek).

Outlier Review

Potential outliers were examined using PC-ORD summaries and Bray-Curtis

ordination techniques (McCune and Mefford 1997). Outliers were defined as sample



units with an average distance from other sample units of more than 2.5 standard

deviations from the grand mean of distances between all sample units. None of the

plots were more than three standard deviations from the grand mean. There were 17

plots that were investigated because they were more than 2.0 standard deviations from

the grand mean. All but four of the 17 plots were from incised sections, and one of the

seven plots that were more than 2.5 standard deviations from the grand mean was from

an non-incised section. That one plot occurred under a Douglas-fir tree (100% cover),

which probably contributed to its distinct composition. None of the investigated plots

were removed from the analysis. The final dimensions of the plant species matrices

used in the analysis, presented as plots x species, were 160 x 34 at Crane Creek, 157 x

36 at Little Fly Creek, and 159 x 35 at Squaw Creek.

Community Structure Differences

Differences in species composition of plots at the incised and non-incised

sections were tested using multi-response permutation procedures (MRPP; Mielke

1984, Biondini et al. 1985, McCune and Mefford 1997). MRPP is a non-parametric

procedure that allowed the testing of the hypothesis of no difference in species

composition and abundance between the incised and non-incised sections. MRPP is an

analysis tool similar to MANOVA, but without the assumptions of multivariate

normality and homogeneity of variances (Smith 1998). The A statistic from MRPP

describes the chance-corrected within-group agreement, where A 1 (observed

difference/expected difference). When A = 0, the groups are as different as would be

expected by chance, and A = 1 when sample units are identical within each group. In
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community ecology A < 0.1 is common, even when differences between groups are

apparent, and A> 0.3 is fairly high (McCune et al. 2000).

I also calculated a wetland score (WS) as a measure of the relative "wetness"

of the community (Wakely and Lichvar 1997). The wetland score reflects the degree

of association between plants and their tolerance for wetness (Federal Interagency

Committee for Wetland Delineation {FICWDI 1989). Each species was assigned to a

wetland indicator category (WIC), as described in Chapter 2 of this.Thesis. The

wetland score is calculated as follows: obligate (OBL) plants are assigned an index

score of 1, facultative wetland (FACW) plants are assigned an index score of 2,

facultative (FAC) plants are assigned an index score of 3, facultative upland (FACU)

plants are assigned an index score of 4, and upland (UPL) plants are assigned an index

score of 5; so that species with a lower tolerance for hydric conditions (i.e., few

adaptations) are assigned a higher index number. The cover of each species with a

known WIC is multiplied by the respective index score and the numbers are then

summed. This value is then divided by the total cover for all WIC to derive a score for

the overall community. The process can be expressed using the following formula:

WS = (I0BIA0BL + IFACWAFACW + IFACAFAC + IFACUAFACU + IjJPLAIJPL)/

(AOBL + AFACW + AFAC + AFACU + AUPL),

where I = the index score and A = the cover of the species. The community is

considered hydrophytic if the wetland score is <3.0 and mesophytic if the wetland

score is> 3.0 (FICWD 1989). For example, a wetland score of 2.5 would indicate that

the community is composed of species with an average tolerance to wetness between

A 1.-1IT t A i1
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Relationships Between Community Structure and Channel Morphology

Riparian vegetation and channel morphology relationships were explored with

the non-parametric ordination technique Non-metric Multidimensional Scaling (NMS)

(algorithm of Kruskal 1964), conducted using the PC-ORD program (McCune and

Mefford 1997). Sampling points (plots) were ordinated according to the similarity in

species composition and a matrix of environmental variables representing channel

morphology (active channel width, wetted width, bank height, and thaiweg depth) was

overlaid on the ordination to view possible correlations.

NMS was selected because it has been found to be robust for the ordination of

ecological data (Minchin 1987, Prentice 1977). Sorenson's distance measure, a city

block measure, was used in the matrix analysis. NMS provides a graphical depiction

of community patterns with the environmental variables that were collected. I used the

"slow-and-thorough" autopilot mode of NMS in PC-ORD (McCune and Mefford

1999), which used the best of 40 runs with the real data along with 50 runs with

randomized data for a Monte Carlo test of significance.

The ordination diagram graphically displayed the plots based on plant species

occurrence and abundance; plots with a similar species composition were located near

each other, while plots with dissimilar species composition were located farther apart.

Values for each environmental variable were overlaid on the species-based ordinations

using a joint plot and the relationship between environmental variables and ordination

axes was determined by regression analysis. Correlation of the environmental

variables with the ordination axes was reported in terms of correlation coefficients,

with the squared correlation coefficient expressing the proportion of variation in
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position on an ordination axis that was accounted for by the variable in question (e.g.,

bank height, active channel width, wetted width, thalweg depth; McCune and Mefford

1997). The ordination diagram was rotated to maximize the proportion of variance

explained on the first axis to improve the interpretability of the relationship between

channel morphology and the ordinations.

RESULTS

Composition of Vegetation

Floristics

Streamside vegetation composition differed between non-incised and incised

sections in many ways. Species diversity was generally higher in the incised sections.

In incised sections, dominance was shared by more than one species. For example, 12

species at the incised section of Squaw Creek accounted for 50% cover, whereas one

species accounted for more than 50% cover at two of the three non-incised streams.

This diversity is most likely a result of the higher channel variability and water table

fluctuation in the incised sections (Table 3.1) and thus greater habitat heterogeneity

(i.e., hydrogeomorphic diversity).

The three streams and sections within streams differed slightly in alpha,

gamma, and beta diversity (Table 3.2). Between the three streams, average species

richness (alpha diversity) ranged between a mean of 7.2 and 7.4 species per 25-cm x

25-cm plot. In all but Little Fly Creek, the alpha diversity was highest in the incised

section. Compositional heterogeneity (beta diversity) was relatively high for all
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streams (between 8.7 and 9.9) and was only slightly higher across each site than it was

within the non-incised and incised sections of each stream. Beta diversity was also

higher in the incised sections, except for Crane Creek, where they were equal. Gamma

diversity maintained the same pattern as alpha diversity (higher in incised sections

except at Little Fly Creek), and only varied between streams by eight total species.

Between the streams, Little Fly Creek had the greatest species richness (Table 3.2).

Table 3.2. Species diversity of vascular plants on Crane Creek, Little Fly Creek, and
Squaw Creek, northeast Oregon.
Alpha diversity, the average species richness per plot; gamma diversity, the total
number of species across all plots; and beta diversity, the degree of heterogeneity in
species composition in the plots, representedby the ratio of the total number of species
(gamma) to the average species richness per plot (alpha) (Whittaker 1972).

Diversity Measure
richness

n alpha beta gamma range
Crane Creek
Non-incised 80 6.9 6.96 48 2-15
Incised 80 7.9 6.96 55 2-13
Total 160 7.4 8.65 64 2-15

Little Fly Creek
Non-incised 77 8.6 6.63 57 1-18
Incised 80 6.0 7.50 45 2-12
Total 157 7.3 9.86 72 1-18

Squaw Creek
Non-incised 79 6.5 6.00 39 1-12
Incised 80 7.9 7.10 64 1-13
Total 159 7.2 9.72 70 1-13



55

Species Composition

Grass and sedge species dominated the streamside cover at the three streams,

with Poapratensis providing 19% of the cover at Little Fly Creek and Carex aquatilis

covering 37% of the plots at Crane Creek, and 28% at Squaw Creek (Table 3.3).

The second-most dominant species at one site was often of lower abundance at

another site: Poa pratensis was the second most dominant species at Crane Creek

(15%), whereas Aster occidentalis (10%) and Carex lanuginosa (9%) was the second

most dominant cover at Little Fly Creek and Squaw Creek, respectively. The third

most dominant species were forbs at all streams: 4% Trfolium longipes at Crane

Creek, 8% Galium trfldum at Little Fly Creek, and 5% Aster occidentalis at Squaw

Creek.

The composition varied widely between incised and non-incised study

sections, with hydrophytic species dominating the non-incised sections and

mesophytic species dominating the incised sections (Appendix). Carex aquatilis

(OBL) accounted for 56% of the cover in the non-incised section of Crane Creek, but

only 17% cover in the incised section, where Poa pratensis (FAC) made up 21% of

the cover. Poapratensis and Galium trjfIdum (FACW+) accounted for 50% of the

cover in the incised section of Little Fly Creek, but less than 5% in the non-incised

section, where Aster occidentalis (FAC; 19%) and Calamagrostis canadensis

(FACW+; 9%) comprised -30% of the herbaceous cover. Carex aquatilis accounted

for 53% of the cover in the non-incised section of Squaw Creek, but only 4% cover in

the incised section, where Carex lanuginosa (OBL) made up 12% of the cover and an
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additional 11 species (including UPL species) were needed to provide 50% of the

streamside herbaceous cover.

Community Structure Differences

Despite the similarity in species richness, community composition of the

streambank herb aceous vegetation was significantly different between the incised and

non-incised sections at all of the streams (MRPP p-values <0.0001; Appendix).

Among the streams, the difference between groups at Crane Creek (A = 0.069) was

not as large as the differences at Little Fly Creek (A = 0.148) and Squaw Creek (A =

0.122). The relatively short stream distances (10 m to 200 m between study sections)

minimize the possible climatic or geologic features that would cause vegetation

changes.

The wetland score also support these compositional differences, and indicate a

trend of encroachment by upland species in the incised sections. The scores indicate

an entire category difference between the incised and non-incised sections at all three

streams. Crane Creek had a wetland score of 1.7 (FACW+) in the non-incised section

and 2.8 (FAC+) in the incised section. The non-incised section of Little Fly Creek had

a relatively high wetland score of 2.3 (FACW-) and a mesophytic score of 3.2 (FAC-)

in the incised section. The non-incised section of Squaw Creek had the lowest wetland

score (1.5, OBL-FACW) of all the study sections and a wetland score of 2.5 (FACW-

FAC) in the incised section.
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Table 3.3a. Cover (%) of streambank vegetation at Crane Creek, 1999.
Cover values of species less than 2% are not included. Wetland Indicator Categories
as defined in Environmental Laboratory 1987 and assigned in Reed (1988) and Reed
et al. (1994).

Species

Wetland

Indicator

Category

Study Reach

Incised Non-incised

Achillea millefolium FACU 3.3 0.1

Castilleja cusickii FACU 3.7 0.3

Carex aquatilis OBL 16.9 56.4

Dodecatheon puichellum FACW 1.4 2.0

Festuca rubra FAC+ 3.2 0

Juncus balticus FACW+ 2.5 0.9

Poapratensis FAC 20.9 8.4

Sanguisorba sitchensis FACW 0.9 3.6

Salix bebbicina FACW 0 3.5

Trfo1ium longipes FAC- 6.0 1.3



Table 3.3b. Cover (%) of streambank vegetation at Little Fly Creek, 1999.
Cover values of species less than 2% are not included. Wetland Indicator Categories
as defined in Environmental Laboratory 1987 and assigned in Reed (1988) and Reed
et al. (1994).

Study Reach

Wetland

Indicator Incised Non-incised

Species Category

Achillea millefolium FACU 3.6 1.3

Arnica mollis FAC 0 4.9

Aster occidentalis FAC 1.4 19.3

Bromus ciliatus FACU 2.3 0.1

Calamagrostis canadensis FACW+ 0 9.3

Carex lanuginosa OBL 0.4 6.1

Carexmicroptera FAC+ 2.7 0.2

Elymus glaucus FACU 1.3 5.7

Equisetum arvense FAC 0.1 3.1

Frczgaria virginiana FACU 3.6 0.2

Galium trfidum FACW+ 14.3 1.5

Geum macrophyllum FAC+ 0.5 3.7

Parnassiajimbriata OBL 0 3.4

Polemonium occidentale FACW 1.1 2.2

Poapratensis FAC 35.3 3.5

Ribes hudsonianum FACW 0 2.8

Senecio triangularis FACW+ 0 2.2

Trfolium longipes FAC- 0.8 2.4
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Table 3.3c. Cover (%) of streambank vegetation at Squaw Creek, 1999.
Cover values less than 2% are not included. Wetland Indicator Categories as defined
in Environmental Laboratory 1987 and assigned in Reed (1988) and Reed et al.
(1994).

Study Reach

Species

Wetland

Indicator

Category

Incised Non-incised

Aster occidentalis FAC 2.3 6.9

Calamagrostis canadensis FACW+ 1.8 3.7

Carex aquatilis 013L 4.2 53.3

Carex canescens FACW+ 2.0 0

Carexgeyeri UPL 1.9 0

Carex lanuginosa 013L 11.7 5.8

Carex lenticularis 013L 7.7 0

Fragaria virginiana FACU 4.4 0

Galium tr(fIdum FACW+ 0.5 2.0

Glyceria elata FACW+ 2.6 0.2

Poapratensis FAC 7.5 0.3

Sanguisorba sitchensis FACW 1.1 4.3

Senecio pseudoreus FACW 1.9 0.3

Trfolium longipes FAC- 3.0 <0.1

Viola adunca FACW 0.8 2.1



Environmental Gradients

The grouping of plots in the ordination showed strong relationships between

streamside vegetation and channel morphology, with non-incised plots grouping

separate from the incised plots (Figure 3.6). Following rotation, between 70% and

80% of the variation in community structure was explained by the resulting 2-

dimensional NMS ordination (Table 3.4). Axis one explained 44% to 57% of the

variation and axis two explained 20% to 35% of the variation at the streams.

The NMS ordinations showed high variability between streams (Figure 3.6),

indicating that environmental variables had differing levels of effect on community

composition at each stream. Crane Creek showed minimal variation in axis 2, when

compared to the variation in axis 2 shown at the other streams. Plots at Little Fly

Creek had an obvious association with axis 1; with a near-vertical separation between

the incised and non-incised plots. The plots in the NMS ordination at Squaw Creek

spaced into three or four distinct areas, with the non-incised plots showing the tightest

grouping. All of the incised plots showed more scatter than non-incised plots

throughout the ordinations.

Even though the ordinations showed high variation between streams, the non-

incised plots remained tightly grouped within all streams. The tightness of scatter

suggests greater homogeneity of species composition in the non-incised plots than in

the incised plots; further illustrating the greater diversity in the streamside vegetation

of the incised plots. The ordinations potentially illustrate that the diverse geomorphic

surfaces in the incised plots promote a greater array of community composition



(greater scatter of plots) because of the variety of geomorphic and hydrologic

influences acting on the bank.
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Figure 3.6a. Ordination graph of sample plots in herbaceous riparian species space
with overlay of environmental variables at Crane Creek, northeast Oregon.
Triangles represent plots from the non-incised section; circles represent plots from the
incised section. The radiating lines indicate the relative strength and direction of the
correlation of the environmental variables with the ordination. Variable codes are
displayed in Table 3.5.
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Figure 3.6b. Ordination graph of sample plots in herbaceous riparian species space
with overlay of environmental variables at Little Fly Creek, northeast Oregon.
Triangles represent plots from the non-incised section; circles represent plots from the
incised section. The radiating lines indicate the relative strength and direction of the
correlation of the environmental variables with the ordination. Variable codes are
displayed in Table 3.5.



C'1

1v1aL'ep

L0
0o 00

0 00

000 00 0
0

*

0
0 0

:

0 0 0
0

0
0

63

Axis 1

Figure 3.6c. Ordination graph of sample plots in herbaceous riparian species space
with overlay of environmental variables at Squaw Creek, northeast Oregon.
Triangles represent plots from the non-incised section; circles represent plots from the
incised section. The radiating lines indicate the relative strength and direction of the
correlation of the environmental variables with the ordination. Variable codes are
displayed in Table 3.5.



Table 3.4. Community structure variation explained by each axis in 2-dimensional
NMS ordination.

Axis I Axis 2 Cumulative

Crane Creek 0.57 0.22 0.79

Little Fly Creek 0.50 0.21 0.71

Squaw Creek 0.44 0.36 0.80

The community structure and composition at all of the streams showed a

strong relationship to bank height and active channel width (Table 3.5). Bank height

was most strongly correlated with axis 1 at all of the streams (0.76 <r < 0.80), which

also explained the most community variation. Channel width, both active and wetted,

had a similar correlation with Axis 1 for both Crane Creek and Little Fly Creek, with

the active channel width correlation at Little Fly Creek nearly equal to the bank height

correlation. In these two streams, no other measured channel variable was strongly

associated with Axis 2 (Table 3.5). Channel width had a relatively strong inverse

relationship with axis 2 in the Squaw Creek ordination: r = -0.63 for active channel

width and r = -0.41 for wetted width. Thalweg depth had a positive correlation with

axis 2 at Squaw Creek (r = 0.30), but had a negligible correlation at Crane Creek or

Little Fly Creek (r < 0.1).



65

Table 3.5. Pearson correlations with ordination axes (in terms of r).
"r" illustrates the strength of the linear relationship with an ordination axis. Site
variables are: bank height at the species plot (BkHtSp), maximum water depth or
thaiweg (MaxDep), wetted width (WW), and active channel width (ACW). Bold
numbers indicate strong correlations.

AXIS

Crane Creek

1 2

Little Fly Creek Squaw Creek

1 2 1 2

BkHtSp 0.76 -0.05 0.80 -0.10 0.80 -0.03

MaxDep -0.19 0.01 -0.19 0.09 -0.18 0.30

W\\T 0.39 -0.08 0.35 -0.02 0.35 -0.41

ACW 0.42 -0.07 0.71 -0.13 0.37 -0.63

Among the variables examined, bank height and active channel width had the

strongest relation to community structure and composition (overhanging bank

frequency was not included in this analysis). Bank height explained 58% to 64% of the

variation in axis 1 at all streams (Table 3.6). Active channel width also explained

approximately 50% of the variation in axis 1 at Little Fly Creek and -40% of the

variation in axis 2 at Squaw Creek, but less than 18% at Crane Creek. All of the other

channel variables explained less than 20% of the variation in any axis and no other

streams had more than 10% of the variation in axis 2 explained by any of the

measured channel variables.



Table 3.6. Pearson correlations with ordination axes (in terms of r-squared).
R-squared represents the proportion of variation in position on an ordination axis that
is 'explained' by the variable in question. Site variables are: bank height at the species
plot (BkHtSp), maximum water depth or thalweg (MaxDep), wetted width (WW), and
active channel width (ACW). Bold numbers indication strong correlations.

AXIS

Crane Creek

1 2

Little Fly Creek Squaw Creek

1 2 1 2

BkHtSp 0.58 0.00 0.63 0.01 0.64 0.00

MaxDep 0.04 0.00 0.45 0.01 0.03 0.09

WW 0.15 0.01 0.13 0.00 0.13 0.16

ACW 0.17 0.01 0.50 0.02 0.14 0.40

DISCUSSION

The three streams selected for this study afforded a diversity of channel forms

within a continuous meadow community via the presence of a hydrologic knickpoint,

which separated an upstream non-incised stream section from a downstream incised

stream section. By sampling the streambank vegetation along the gradient of channel

forms in this study, I was able to describe vegetative patterns reflecting fluvial

processes.

Community Structure

The community structure and composition of streambank vegetation was

significantly different between the incised and non-incised study sections of each



stream. These differences may be attributed to differences in channel form. The

proximity between sections minimizes the potential influences of climatic and

geologic processes.

While some community changes may be expected as channels widen and

encompass conmiunities further from the streambank, this does not fully account for

the differences I observed. The wet meadows (floodplain) in the non-incised sections

were between 15 and 34 m wide. Active channel widths in the incised sections were

approximately 2 to 6.5 m wider than the active channel widths in the non-incised

sections. Therefore, the widened channel did not exceed the upstream wet meadow

width in any of the streams. Certainly, this argument assumes that the vegetation

within a wet meadow is homogenous even on the outer edges of the wet community

and I do not have data to support this assumption, it also assumes that the valley is not

confining further downstream, thereby promoting narrower floodplains and more

upland species in the downstream incised sections. It further assumes that there is not

a change in gradient or substrate (similar geologic material under the channel)

between the sections.

The study design could be improved to address these assumptions by including

vegetation plots along transects parallel to and radiating from the streambank. Such a

design was conducted by Otting (1998) at Squaw Creek, where he found that the

distance of plots (around water table elevation wells) from the channel explained less

than 30% of the variance in the NMS ordinations.

Based on the knowledge that low, narrow channels exhibit greater stream-

floodplain interaction (i.e., water availability to the riparian area) than large, wide
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channels (Wyzga 2001), 1 expected to find more hydrophytic vegetation within the

non-incised sections than the incised sections. In fact, the non-incised communities

were an entire wetland indicator category "wetter" than theirsubsequent incised

community. In a similar study along the WolfRiver in Tennessee (Weins and Roberts

2003), communities between non-incised and incised reaches were significantly

different, but the mean wetland score (referred to as prevalence indices) were identical

(P1 = 2.4). According to the Federal Interagency Conmiittee for Wetland Delineation

(1989), the wetland score difference observed in my study could account for as much

as a 33% higher probability of the non-incised community occurring in a wetland. The

facultative upland plants (e.g., Poapratensis), which were common in the incised

sections, generally lack the adaptations to tolerate saturated soils (Mitsch and

Gosselink 1993) and their dominance in the incised sections indicates drier conditions.

This is of ecological significance in that within a stream distance of less than 200 m,

these streambank communities are tending to resemble upland communities rather

than riparian wetlands. The incised streams are losing the water-tolerant species that

afford high root densities and depths (Bernard and Fiala 1986, Otting 1998, Toledo

and Kauffman 2001), which increase bank stability and soil cohesion (Thome 1990,

Simon and Darby 1999, Abernethy and Rutherfurd 2000, Simon and Collison 2002).

This trend also illustrates a further reduction in riparian vegetation, which is already

rare in arid systems (Kauffman and Kruger 1984), but heavily utilized by livestock

(Feller 1998, Fleischner 1994), support regional biodiversity (Naiman and Descamps

1997), provide habitat for a variety of species (Naiman et al. 1993, Kauffman et al.



2001), and are sources of organic inputs and nutrients to aquatic systems (Brookshire

2001).

Channel Dimensions

Channel dimensions, such as bank height and channel width, were strongly

correlated with streambank community structure at all the streams. The strength of the

relationships varied between streams, but bank height was the strongest explanatory

variable. Bank height may influence species composition through both physical and

ecological processes.

Bank height influences water availability to the surface of the riparian area

regardless of the incised channel evolution model stage. Water table elevation is

largely determined by channel depth (bank height), whereas overbank flows are

determined by channel area, which is a product of both bank height and channel width.

Therefore, bank height influences both water table and over bank flows (hydrologic

regime), which in turn influence species composition. Channel width, on the other

hand, is only a portion of one of the influencing components. Distinguishing the

relative influences of these two hydrologic components is further complicated in that

each are related; floods recharge alluvial aquifers (Poff et al. 1997) and elevated water

tables make flood stages more accessible. Riparian areas in these headwater meadow

streams have a greater dependence on water table elevation than on flood conditions.

It is possible that the flooding cycle associated with a predominately snowmelt

hydrology, as in the Upper Grande Ronde Basin, does not influence the streamside

community in the same maimer in other systems, such as rain or rain-on-snow. The
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hydrology in the study streams involves a snowmelt peak in early spring as the

snowpack melts. I visited the streams two times in early spring 1999, separated by less

than two weeks during a period in which peak flow commonly occur. During the first

visit, the ground was covered in snow and half the channel had ice visible. By the

second visit, the snow was completely gone and all the flowing water was within the

channel, even through the non-incised sections. Poff and Ward (1989) presented the

idea of hydrologic factors exerting selective pressures on the biota, with particular

focus on the invertebrate and fish population within the stream channel. Flood

frequency and flood predictability are two of the four hydrologic factors suggested as

controlling community patterns; the other two being intermittency and flow

predictability. These streams tend to have high flood predictability and low flood

frequency (i.e., few peaks compared to rain-dominated systems), which Poff and Ward

suggest are environments favorable to strong biotic interactions I suggest this is true

for the riparian plant communities as well. Strong biotic interactions, which were not

evaluated in this study, would help explain why I did not find stronger relationships

with channel form. My study was not designed to support this view and other studies

that I know of in the basin (Otting 1998, Dwire 2001) focused on water table

elevation, not flood conditions. However, this should be a focus of future research in

the basin.

Study design may be another possible reason that channel width did not show a

strong relationship to streambank community structure. The ordination evaluates the

channel transect with the adjacent species plot. This limits the examination of channel-

vegetation relationships to the sampled cross-section, and not to downstream or
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upstream channel patterns. This can be problematic in that channel confinement

(narrow width) would cause upstream backwatering (riparian flooding) and thus

influence the species upstream of the cross-section and not necessary adjacent to it.

Likewise, the influence of a wider channel cross-section would be strongest a few

meters downstream of the opening, as the water inflows to the larger channel, and not

necessarily directly at the sampled cross-section. Hydraulic modeling techniques, such

as U.S. Army Corps of Engineers HEC-RAS programs, could be used to estimate

where flooding will occur and what likely flow pathways may be followed. Chapin et

al. (2002) performed such an analysis in the Upper Kiamath Basin, Oregon, resulting

in flood return intervals required to sustain riparian plant communities.

Stream Community Patterns

Each stream reflects a different pattern in the ordinations and a different

relationship to channel form. Although bank height was consistently positively

correlated with axis 1 and always explained a high proportion of the variation in the

ordination, the relational patterns and relative influence of channel width was not

consistent between streams (Figure 3.6). Active channel width and wetted width had

fairly strong correlations with axis 1 at all streams (Table 3.5, r >0.35 for all variables

at all streams); however, only at Squaw Creek did the two variables have a strong

correlation with axis 2. In fact, Squaw Creek was the only stream that had any channel

variable stràngly associated with axis 2. In terms of variation explained, the two

channel width variables explained <18% in axis 1 at Crane Creek, -50% in axis 1 at
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Little Fly Creek, and 13% in axis 1 at Squaw Creek; however, active channel width

explained 40% of the variation in axis 2 at Squaw Creek.

The stage of the incised channel evolution model of the incised sections can

explain the differences observed in the vegetation-channel relationships between

streams. Each incised section encompassed a different set of incised channel evolution

model stages, and I hypothesized that different incised channel evolution model stages

develop different streambank communities by promoting one hydrologic condition

(overbank flows and elevated water table elevation) over another. Water table

elevation is largely governed by bank height (Van Haveren and Jackson 1986) and

overbank flows are governed by channel cross-sectional area, which is a product of

channel width and depth (bank height). Therefore, because bank height influences

both hydrologic conditions, as channels move through the stages of the incised

channel evolution model, bank height will always have an influence on community

structure, regardless of what hydrologic condition is prominent. In Stage II, bank

height has increased, but the width has remained constant, therefore bank height

should be the dominant explanatory variable for the streambank community structure

(assuming widening and downcutting do not occur concurrently). The water table

elevation is the dominant modified hydrologic component and bank height governs

water table elevation. In Stage III, channel width has increased and should join bank

height as a relevant explanatory variable, but since bank height influences both

overbank flows and water table elevation, bank height should have a stronger

relationship to streambank community structure than channel width. In Stage IV,

channel is still wide, but low banks are developing; the resultant channel area is
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similar to Stage II (narrow and high versus wide and low), so again bank height

becomes the dominant explanatory variable for the streambank community structure.

Crane Creek

The incised section of Crane Creek appeared to encompass Stage IV, with

signs of aggradation, average bank heights 0.25 m higher than in the non-incised

section, and an active channel width more than 3 times wider than the non-incised

section. It is surprising that only bank height was an indicator here, but perhaps, as

discussed above, water table elevation is the key driver of streambank communities in

these meadows, and the difference of even 0.25 m in bank height is significant. Also

of interest is that the difference between the sections at Crane Creek was rather small

(MRPP A 0.069), further supporting the assignment of Stage IV in the incised

section. Stage IV channels are on a trend toward recovery, and the recently formed

low banks are becoming vegetated with species similar to those occurring along the

non-incised banks.

Little Fly Creek

The incised section of Little Fly Creek appeared to be predominately in Stage

III of the incised channel evolution model, with actively failing banks and transient

sloughed material (interestingly, the channel provided an ideal representation of

successive incised channel evolution model stages downstream of the study area a

true "space-for-time opportunity). It is not surprising then that both bank height and

channel width are significant explanatory variables, since both conditions that they

influence have been greatly altered in this stage. It is also not surprising that both

variables are similarly correlated with axis 1, as their relative influence is lost in the
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much greater "moisture gradient" that we see in the extremely horizontally-divided

ordination. Also, I am only comparing two channel types (greatly widened and incised

against predominately non-incised) so there is not a continuum of channel forms

present at Little Fly Creek.

Squaw Creek

The incised section of Squaw Creek encompassed the most stages of the

incised channel evolution model: II through IV. This stream is where I found the

ordination best represented the possible channel forms: narrow channel & low banks

(Stage I), narrow channel & high banks (Stage 11), wide channel & high banks (Stage

III), and wide channel and low banks (Stage IV) (Figure 3.3). Two ordination axes

were significant at Squaw Creek because more than two channel types were being

sampled, whereas only axis 1 was correlated with the community at Crane Creek and

Little Fly Creek because oniy two incised channel evolution model stages were being

compared. If the water table elevation/bank height did not influence streambank

composition, then I would expect that the species would be identical along Stage II

streambanks and Stage IV streambanks. The significant difference between these

stages is water table elevation, as both channel forms have relatively equal channel

areas (Figure 3.3). Instead, I did find plots in the narrow & high (Stage II) ordination

space, indicative of active degradation.

The stage of the incised channel evolution model can also explain the

difference in Little Fly Creek's non-incised section from the other non-incised

sections: lack of Carex aquatilis as a dominant species and a wetland score that nearly

equaled the incised sections at Crane Creek and Squaw Creek. It appeared that the
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section was progressing into Stage II: there was low thaiweg variation, indicating a

lack of pools (Castro 2003) and the banks were relatively high, with little sediment

accumulation at the interface between the streambed and banks. This downcutting

could be causing a lowering of the water table elevation, resulting in a shift to a drier

community type.

Management Implications

Understanding the relationship between riparian vegetation and channel

dynamics is an important component of effective land management (Sedell and

Beschta 1991) and ecosystem recovery (Kauffman et al. 1997). Shifts in vegetation

composition and struôture caused by land management practices can lead to altered

hydrologic regimes, resulting in channel incision. Effective management of riparian

vegetation will significantly reduce the frequency, severity, and recovery time of

channel incision.

This study has demonstrated the connection between riparian vegetation and

various stages of the incised channel evolution model (CEM), which reflect

hydrologic processes. Knowing the stage of the incised channel evolution model is

critical to floodplain restoration planning (Fischenich and Morrow 2000) because the

incised channel evolution model can identify the conditions necessary for

rehabilitation (Watson et al. 1988) and the approach to restoration (Harvey and

Watson 1986). If land managers can identify the trends in the channel system and

predict the direction of the response to management, then they can select rehabilitation

methods based on ecosystem processes (Watson et al. 2002). Of course, the most
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important management action is to first remove the initial disruption-causing activity

(e.g., overgrazing, fire suppression, riparian timber harvest, valley bottom roads, etc.)

and evaluate a passive restoration approach (Kauffinan et al. 1997).

Key determinants of channel conditions have historically been channel features

(Rosgen 1996). Recent USFWS guidance relies on the interrelationships between the

channel, hydrology, and vegetation as indicators of channel degradation (Castro 2003).

These indicators include loss of riparian vegetation due to lowering of shallow water

tables and subsequent encroachment of upland species into the floodplain as a result of

changed moisture conditions. It is guidance like this, supported by research like mine,

which is promoting process-based management and ecosystem perspectives. I have

observed that the streamside vegetation patterns can reflect the fluvial processes.

SUMMARY

Riparian species structure and composition was strongly associated with

channel form in the headwater meadow streams of this study. The relationships I

observed fit the incised channel evolution model (Schumm et al. 1984): A non-incised

system becomes incised into the floodplain and leads to a lowered water table

elevation and reduced overbank flooding conditions. The reduced water availability to

the upper streambank leads to a shift in the riparian community from the pre-incision

hydrophytic vegetation to a drier mesophytic community. The reduced root density

and depth resulting from the community shift cause a decrease in critical bank height

and bank failure ensues. As flows become more confined within the ever-expanding

channel, bed and bank erosion increases. As the gradient reaches a new state of
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equilibrium, new banks and floodplain develop within the incised channel, resulting in

a reduction of the riparian area.

Non-incised sections had more hydrophytic vegetation than incised sections,

with all streams recording an entire wetland indicator category value higher (drier) in

incised sections. The root biomass in the non-incised sections (between 2,150 g m2

and 4,760 g m2) was nearly double that of the incised sections (between 1,110 g m2 to

2,220 g m2) and had larger amounts at greater depths. The rooting patterns between

the non-incised (nearly no detectable reduction in the lower 30 cm) and incised

(significant reductions at every 10-cm depth increment) sections illustrate the greater

contribution to bank stability afforded by the wet communities in the non-incised

sections.

Non-incised sections were predominately characterized as narrow channels

with low banks, whereas incised sections encompassed a range of channel forms.

Squaw Creek captured the greatest range within the incised section, with: narrow

channel and high banks (presumably at the knickpoint), wide channel and high banks,

wide channel and low banks, and even narrow channel and low banks in the lowest

portion (personal observation). Each of these different channel forms represent

different stages in the incised channel evolution model, and each reflected a different

relationship with species composition. This is shown in the bank height-only

relationship at Crane Creek, which had a predominately Stage IV incised section; bank

height and active channel width-but similar relationship at Little Fly Creek, which had

a predominately Stage III incised section; and the only separate relationships between
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species composition and channel width and bank height detectable at Squaw Creek,

with its diverse array of channel forms.

By understanding the channel incision process, it becomes apparent why the

vegetation assemblage adjacent to the streambank is a good indicator to evaluate

ecosystem condition. This area is influenced by the water table elevation as well as

overbank flows, thus providing insight into the existing hydrologic conditions.

Understanding the relationships between the vegetation, hydrology, and the channel

morphology, allows process-based management and restoration focus.
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APPENDIX



I'll

Plant species identified in the Crane, Little Fly, and Squaw Creeks study plots.
Wetland indicator categories: OBL=wetland obligate, FACW=facultative wetland,
FAC=facultative, FACU=facultative upland, UPL=upland obligate. Percent frequency
represents the proportion of the total plots that a species occurred in at each stream.
Stream frequency codes: Nl=non-incised section and Fincised section.

Species

Wetland
Indicator
Category

Percent frequency

Crane Little Fly Squaw
Creek Creek Creek

NI I NI I NI I
Achillea millefolium FACU 16 41 24 43 0 28
Aconitum columbianum FACW 0 0 4 0 9 0
Agropyron X 0 3 0 0 0 0
Agrostis scabra FAC 30 20 0 18 21 5
A Ilium validum OBL 3 0 1 3 9 3
Amsecia X 1 1 0 0 0 0
Angelica FACW 0 0 1 0 0 0
Arabis glabra FACU 0 0 0 3 0 0
Arnica chamissonis FACW 11 24 1 9 0 4
Arnica mollis FAC 0 0 24 0 0 0
Aster occidentalis FAC 14 29 76 29 73 50
basal forb X 0 3 0 0 0 0
Botiychium simplex FAC 0 0 0 0 1 0
Bromus ciliatus FAC 1 4 4 20 3 8

Calamagrostis canadensis FACW+ 10 11 34 0 44 20
Calamagrostis rubescens UPL 0 0 0 0 0 1

Carex X 11 1 5 0 0 0
Carexaquatilis OBL 95 59 28 3 91 18
Carex aurea FACW+ 3 10 1 3 1 11

Carex canescens FACW+ 0 0 0 0 0 13

Carex disperma FACW 0 0 20 0 5 1

Carexgeyeri UPL 0 0 0 0 0 6
Carexianuginosa OBL 3 11 46 4 56 46
Carex lenticularis OBL 0 0 1 0 0 25
Carex microptera FAC+ 33 39 4 30 1 15
Carex rostrata OBL 0 0 3 0 0 1

Castilleja cusickii FACU 6 9 0 0 0 0



Percent frequency

Species

Wetland
Indicator
Category

Crane
Creek

NI I
Cerastium arvense FACU 0 0
Cerastium viscosum UPL 4 26
Cirsium arvense FAC- 0 0
Cirsium scariosum NJ 0 0
CollinsiaparvWora UPL 0 0
Danthonia FACU 0 5
Deschampsia cespitosa FACW 13 16
Dodecatheonpuichellum FACW 31 29
Draba verna UPL 0 0
Elymus glaucus FACU 0 0
Epilobium angustjfolium FACU+ 0 0
Epilobium glandulosum UPL 5 11
Epilobium minutum NI 0 4
Equisetum arvense FAC 0 21
Equisetum laevigatum FACW 0 1

Erigeron peregrinus NI 5 1

Festuca rubra FAC+ 0 14
Fragaria virginiana FACU 6 13
Galium bfolium UPL 1 1

Galium boreale FACU 0 0
Galium trfldum FACW+ 0 0
Geum macrophyllum FAC+ 1 3
Glyceria elata FACW+ 4 0
Habenaria dilatata FACW 1 0
Heracleum lanatum FACW 0 0
Hierochlcieodorata FACW+ 1 4
Hypericum anagalloides OBL 6 15
Iris missouriensis FACW+ 0 0
Juncus balticus FACW+ 5 16
Juncus ensifoijus FACW 6 20
Koeleria cristata UPL 0 0
Listera caurina FACU 0 0

Little Fly
Creek

NI I

1 0

3 9

0 0
0 5

1

0

1

0

0

28

0

4

0

58

0

0

4

14

21

3

31

30

9

1

0

0

0

0

0

0

0

1

28

0

0

0

5

9

5

3

10

4

0

0

4

26

1

0

71

4

0

0

1

0

0

0

4

0

0

0

Squaw
Creek

NI
0 0
0 11

0 4
0 2

0 9

0 0

1 3

0 0
0 0
4 3

0 0

10 28
0 0
0 0

6 11

0 0

0 1

0 30
40 21

1 13

38 23

8 6

6 15

3 0

0 0

0 0

0 0

0 4
0 0

4 21

0 1

0 0

92



Species

Wetland
Indicator
Category

Crane
Creek

NI

Percent frequency

Little Fly Squaw
Creek Creek

I NI I NI I
Luzula campestris UPL 5 14 1 0 0 15
Luzula parvflora FAC- 0 0 13 0 0 0
Mertinsia ciliata FACW+ 0 0 0 4 0 0
Microsteris gracilis UPL 0 0 0 43 0 9
Mimulus guttatus OBL 0 0 4 0 0 0
Mimulus moschatus FACW+ 0 0 5 0 0 3
Mitella pentandra FAC 0 0 23 0 0 0
Montia chamissoi OBL 0 4 0 0 0 0
Montia linearis UPL 0 0 0 1 0 1
Montia sibirica UPL 0 0 18 3 9 3
Myosotis micrantha UPL 0 0 0 1 0 0
Parnassiafimbriata OBL 0 0 43 0 0 0
Pedicularis groenlandica OBL 18 11 0 0 1 4
Penstemon attenuatus FACU 0 8 0 0 0 0
Phleum alpinum FAC+ 0 1 0 0 4 5
Phleum pratense FAC 0 6 0 0 0 3
Pinus contorta FAC 1 0 0 0 0 4
Pinus engelmannii FAC 0 0 1 0 0 0
Poapalustris FAC 0 0 0 0 1 0
Poapratensis FAC 64 70 28 90 9 49
Polemonium occidentale FACW 41 13 33 13 35 23
Polygonum bistortoides FACW 18 6 0 0 0 0
Potentilla gracilis FAC 1 15 0 1 0 1
Prunella vulgaris FACU+ 0 0 0 0 0 3
Prunus virginiana FACU 0 0 0 0 0 1
Pseudotsuga menziesii FACU 0 0 1 0 0 0
Ranunculus alismaefolius FACW 65 50 0 0 0 0
Ranunculus orthorhynchus FACW 3 4 0 0 0 0
Ranunculus uncinatus FAC 0 3 36 26 29 28
Rhamnus alnfolia FACU 0 0 0 0 3 4
Ribes hudsonianum FACW Q 0 5 0 0 1
Rorippa OBL 3 0 0 0 0 6
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Species

Wetland
Indicator
Category

Crane
Creek

NI

Percent frequency

Little Fly Squaw
Creek Creek

I NI I NI I
Salixbebbiana FACW 18 0 0 0 0 0
Sanguisorba sitchensis FACW 39 8 3 0 20 3
Scirpus microcarpus OBL 0 0 9 1 0 0
Senecio X 0 5 0 0 0 0
Senecio crassulus FACU 0 0 0 0 1 0
Sen ecio pseudaureus FACW 1 0 9 16 9 30
Senecio triangularis FACW+ 0 0 9 0 0 0
Sisyrinchium angustfolium FACW- 0 3 0 0 0 3
Smilacina stellata UPL 0 0 5 0 23 0
Stellaria longies FACW 3 8 3 8 6 14
Symphoricarpos albus FACU 0 0 0 0 0 1

Taraxacum officinale FACU 19 20 14 11 3 16
Thalictrum occidentale FACU 0 0 0 0 0 8
Trfolium longzpes FAC- 33 60 50 13 4 46
Trifolium repens FAC- 3 4 0 0 0 0
Veronica americana OBL 0 0 1 3 0 0
Veronica arvensis FACU 0 3 0 3 0 0
Veronica serpyllfolia FAC 4 0 3 1 0 8
Viola X 5 0 0 0 0 0
Viola adunca FACW 0 3 0 14 51 25
Viola palustris OBL 20 15 38 0 0 18




