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Abstract

This study is part of a larger study to develop a classification scheme for plant communities along
the middle Snake River.  The purpose of this study is to identify environmental parameters that may
influence the distribution of plant species with the riparian zone along the middle Snake River.  Factors
considered were position relative to water surface (distance and elevation), soil moisture content, soil
rockiness and depth, and at two sites, soil texture and chemistry.  Vegetation occurring at ten selected
locations within the study area was sampled continuously across a transect oriented parallel to the
predominant moisture gradient.  Direct ordination was used to ordinate riparian and emergent wetland
and edaphic characteristics.  Soil moisture content (%) and distance from water were most often strongly
correlated with plant species distributions.  Physical characteristics such as soil depth, rock content and
chemistry were also correlated, but less strongly.
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1.  Introduction

Discerning the factors affecting the distribution of plant species in time and space is largely a
matter of scale.  When examined from a continental perspective, the distribution of species relates
strongly to climate (Mitsch and Gosselink 1993, Brinson et al. 1981), with physical and biological
processes affecting species distributions at the geomorphic or landform level, e.g., ridges, slopes, and 
floodplains (Harris 1988).  Riparian species tend to be less influenced by climate than upland species
because of the proximity of riparian zones to water "captured" from other areas (Brinson et al. 1981), but
the temporal and spacial distribution of precipitation that leads to the development of intermittent, as well
as perennial, tributaries can have a profound influence on the species present (Malanson 1993). 
Geomorphic configuration of the channel determines the presence or absence of a floodplain.  For
example, bedrock streambeds tend to have vegetation development restricted to the bed margins (Brinson
et al. 1981).

In addition to the influence of climate and geomorphology, random or periodic disturbance and
biological factors affect the localized distribution of species.  The influence of either, relative to one
another, shifts back and forth, often resulting in changes in plant community composition (Mitsch and
Gosselink 1993).  Disturbance is an especially important characteristic of western riparian systems
because of the dynamic nature of water delivery through a watershed (Malanson 1990).  Natural allogenic
processes, such as flooding, drought, wave action, but also land management practices, play a key role in
determining species composition and spatial heterogeneity (Szaro 1989, Malanson 1993, Mitsch and
Gosselink 1993).  Superimposed upon the conditions imposed by climate, geology and disturbance are
the biological characteristics of individual plant species.  Such characteristics might include competitive
performance, flooding tolerance, nutrient uptake, growth form and seed dispersal mechanisms (e.g.,
Ellison and Bedford 1995, Gaudet and Keddy 1995, Zimmerman and Thom 1982, Frye and Quinn 1979,
Wistendahl 1958).

Plant species have been shown to distribute themselves along environmental gradients, with peak
abundance reached in optimal habitats (Miles 1979).  As conditions along a gradient change, species
dominance changes.  This response in species distributions leads to the development of zones of
vegetation around wetland habitats.  For example, gradients involving flood duration, soil nitrate, soil
phosphorus and soil pH were found to be the critical factors determining plant species distributions within
bottomland hardwood forests of Oklahoma (Hoagland and Sorrells 1992).  Ice scouring and exposure to
wave action have been cited as determining local species abundances in some graminoid-dominated
wetland communities in southeastern Canada (Gaudet and Keddy 1995) and South Dakota (Johnson et
al. 1987).  Bryant et al. (1992) found the distribution of cattails in the Loxahatchee National Wildlife
Refuge was clearly related to nutrient availability, especially phosphorus.

Identification of the important components of habitats can be assisted with ordination techniques
(Kent and Coker 1992), among them, Principal Components Analysis (PCA), Two-way Indicator Species
Analysis (TWINSPAN), Correspondence Analysis (CA) and Canonical Correspondence Analysis (CCA).
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 Principal Components Analysis is an indirect ordination technique that elucidates possible relationships
between plant species and environmental characters.  The TWINSPAN technique classifies species into
assemblages of least dissimilar samples by progressive refinement of single axis ordination from reciprocal
averaging. Canonical Correspondence Analysis is a direct gradient analysis technique that combines
ordination capabilities with correlation and regression analyses to determine the strength of relationships
between the distribution of species and environmental characteristics (Kent and Coker 1992, ter Braak
1987).

This study is part of a larger study to develop a classification scheme for plant communities along
the middle Snake River.  The objective of the study is to identify environmental parameters that may
influence community distribution and vegetative composition.  This is a descriptive study focused upon
the correlation of local edaphic and topographic characteristics with vegetation parameters at selected
sites occurring within and adjacent to the Hagerman Study Area.  Therefore, the influences of climate,
geomorphology and disturbance are not considered in the analyses.

2.  Study Area

2.1.  Location

The Hagerman Study Area is located on the Snake River Plain in southwestern Idaho, near the
communities of Hagerman and Bliss (Figure 1).  It encompasses approximately 43 km of the Snake River
and extends for 1.6 km on either side of the river.  The elevation of the study area ranges from 762 to
1036 m above mean sea level incorporating a deeply incised basalt channel cut into the surrounding plain.
 Three hydroelectric projects are located in the study area:  Upper Salmon Falls Dam (plants A and B;
RM 581.4), Lower Salmon Falls Dam (RM 573.0), and Bliss Dam (RM 560.0), and the impoundments
associated with each project.  Each project has a legally defined project boundary incorporating physical
structures and impoundments.  All three projects are “run-of-the-river,” and have little storage capacity. 
There are three unimpounded reaches present.  The first is the Thousand Springs Reach, between
Banbury Springs (RM 589.2) and the Upper Salmon Falls impoundment (RM 585.4), the second is the
Wiley Reach, between Lower Salmon Falls Dam and Bliss Reservoir (RM 565.7) and the third is the Dike
Reach, located from Bliss Dam to Bancroft Springs (RM 552.9).  Major tributaries to the Snake River
within the study area include the Malad River (RM 571.4), Salmon Falls Creek (RM 586.9), Riley Creek
(RM 583.4) and Billingsley Creek (RM 574.6).  Additional significant inflows originate in the Thousand
Springs complex from Niagara Springs (RM 600.8) to Owsley Bridge (RM 585.4).

2.2.  Climate

The climate of the study area is semi-arid because of an orographic rainshadow created by the
Cascade Mountain Range (Caldwell 1985, Franklin and Dyrness 1988, West 1988).  Total precipitation
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per year averages 216 mm (9.6 in.) (NOAA, Bliss weather station, 1951-1980).  Mean annual
temperature averages 10.6 ° C (51.0 ° F).  Summers are typically hot and dry.  Average precipitation
for the summer months is 7.9 mm (0.35 in.) and daytime temperatures regularly exceed 37.8 °C (100
°F) during July (NOAA, Bliss weather station, 1951-1980).  Generally, precipitation that falls during the
summer does not percolate into the soil beyond the surface layer (Caldwell 1985, West 1988), instead it
is primarily lost through evaporation and runoff.  Winters are typically cold and moist.  Most of the
precipitation falls during the winter months as snow (Figure 2).  Snowmelt provides most of the stored
moisture in the soil profile that is available to vegetation (Caldwell 1985, West 1988).

2.3.  Vegetation

Presettlement vegetation specific to the Snake River corridor is poorly known.  A handful of
illustrations were made in the mid to late 1800's that clearly identify Artemisia tridentata (big sagebrush)
as the dominant overstory species (Settle 1940, Fremont 1845).  There have been numerous attempts to
describe the botanical features of southwestern Idaho since the first recorded collecting trips made in the
early and mid 1800's by John C. Fremont and John McLeod.  Unfortunately, most collectors were less
interested in describing plant communities than individual species (D. Henderson, Univ. of Idaho, pers.
comm.); thus historians are left with an incomplete picture of the historical organization of Idaho’s
vegetation landscapes.  Descriptions of pristine vegetation are based primarily upon existing conditions at
sites that are thought to be undisturbed and from historic data collected elsewhere in the Intermountain
Region of the northwestern United States.

2.3.1.  Upland Vegetation

The study area falls within the physiographic province identified as the Columbia-Snake River
Plateau (West 1983a, 1988), also described as the Intermountain Sagebrush Province (Bailey 1978). 
Upland areas have been classified by West (1983b) as part of the Western Intermountain Sagebrush
Steppe.  Some authors include the study area within the extent of the Great Basin flora (Hidy & Kleiforth
1990), although the area does not coincide topographically with the physiographic boundaries that define
the Great Basin.

Artemisia species, coupled with an understory of perennial bunchgrass including Agropyron
(wheatgrass), Poa (bluegrass), Stipa (needle-and thread grass), and Oryzopsis (ricegrass) species, are
typical of sagebrush steppe.  Once thought to be subclimax to perennial grassland communities (Shantz
and Zon 1924, Weaver and Clements 1938, Clements and Clements 1939), sagebrush-grass vegetation is
now thought to be ecologically stable.  Local shifts in composition can occur rapidly and frequently in
response to climatic conditions (Blaisdell 1958, Sharp et al. 1990), but overall composition and
abundance have been shown to be stable (Anderson and Holte 1981).
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Four plant associations were identified for upland vegetation in the study area (Appendix E.3.3-
A).  These include two Artemisia tridentata/Bromus tectorum associations differing primarily in the
abundance of shrub cover, a Chrysothamnus nauseosus/Bromus tectorum association, and a Bromus
tectorum/Sisymbrium altissimum association.  Two other upland cover types, Upland Forest and Tree
Savanna, were sampled insufficiently to provide a clear classification into plant associations.

All of the associations described have exotic and weedy species contributing significantly to
species composition and abundance.  The prevalence of exotics is an indication of the long and varied
history of disturbance that has occurred within the study area (Appendix E.3.3-A).  Disturbances have
included grazing, mining, fire, agriculture and associated rural development, among others.

2.3.2.  Riparian and Emergent Wetland Vegetation

Juxtaposed upon the dry landscape are narrow bands of riparian vegetation that follow perennial
watercourses.  In this setting, trees and tall shrubs, such as Salix spp. (willows), replace the Artemisia
spp. and the diversity of grasses and forbs increases (Mitsch and Gosselink 1993).  Within the narrow
band, numerous riparian communities are distributed along a moisture gradient from emergent wetland to
vegetation transitional between wetland and upland communities (Myhre and Clements 1972, Jensen and
Verhovek 1979, Tisdale 1986, Minshall et al. 1989, Johnson et al. 1992).  Species are also distributed in
response to local changes in soils, topography, and, at least historically, seasonal disturbance frequency,
e.g. flooding (Mitsch and Gosselink 1993, Sather-Blair 1988).  Flooding is a natural ecological
disturbance that greatly affects the composition and arrangement of species within the riparian corridor
(Szaro 1989).  Most riparian species are well adapted to periodic disturbance because of the dynamic
nature of their natural environment. 

Flooding maintains riparian systems by creating new habitat, distributing nutrients, and by
importing and exporting organic material (Etherington 1983, Mitsch and Gosselink 1988).  Steep channel
slopes, like those found in the study area, tend to have less widespread flooding (Mitsch and Gosselink
1988), therefore limiting the size of the riparian zone.  Ultimately, hydroperiod, including flood intensity,
duration, and timing, determines ecosystem function and structure (Mitsch and Gosselink 1988, Klimas
1988).  Seasonal flooding also maintains wetland and riparian habitats in early successional stages
(Etherington 1983), leading to a more diverse vegetation than occurs in surrounding vegetation (Klimas
1988).

Cowardin et al. (1979) provided a general classification of riparian and wetland vegetation cover
types for the United States based primarily on physiognomic status, but also involving physiographic
(e.g., lake/river), substrate (e.g., consolidated gravel/bedrock) and hydrologic (e.g., seasonal intermittent
flow) characteristics.  The classification was used to map the distribution of wetland types across the U.S.
(USFWS National Wetlands Inventory, NWI).  Three cover types are common on NWI maps of Idaho: 
Emergent, Scrub-Shrub, and Forested Wetland (Sather-Blair 1988).  In general, Scrub-Shrub vegetation
is dominant along the water's edge, with forested species occurring slightly up-slope (Sather-Blair 1988,
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Johnson et al. 1992).  Within the riparian zone, herbaceous species tend to be more common at the wetter
edge of the moisture gradient (Myhre and Clements 1972, Jensen and Verhovek 1979, Johnson et al.
1992).

The dynamic nature of the wetland/riparian environment leads to the development of numerous
plant associations.  Studies conducted by IPC biologists identified twenty different riparian and wetland
plant associations (Appendix E.3.3-A).  The associations dominated by Salix exigua and Elaeagnus
angustifolia tend to occur at or near the water's edge.  As for upland plant associations, most of the
riparian associations have exotic species as integral components.

Grazing can impact riparian vegetation because livestock tend to congregate along waterways
seeking water and shade as well as forage (Szaro 1989).  Impacts can include change in vegetative
composition, a lowered water table, and complete loss of riparian cover (Minshall et al. 1989, Szaro
1989).  Many of the native shrub species resprout after defoliation by grazing livestock, but only if
sources of regeneration remain on site (Hansen 1992).  Noxious weed species generally find open habitat
available for colonization in heavily grazed riparian systems (Hansen 1992).  Like the vegetation of the
sagebrush-bunchgrass type, examples of pristine riparian vegetation on the Snake River Plain are rare.

2.3.3.  Land Use

In the 1860's ranchers grazed large herds of cattle in southern Idaho (Yensen 1982) to provide
food for the growing population of miners (Young 1986).  By the 1880's, large cattle ranches were
common.  Sheep herding also became more common about this time (Yensen 1982, Young 1986).  The
Raft River Valley was a route commonly used to drive sheep from Utah and Nevada into the mountains
of Idaho for summer grazing.  Herds were also driven into Idaho during the winter to avoid grazing taxes
in Utah (Yensen 1982).  Young (1986) describes the Raft River Valley as a "...dust bowl as a result of the
migrations."  An 1880 census reported 27,326 sheep in Idaho.  In 1890, a census listed 357,712 sheep
(Young 1986).  The years 1889 and 1890 brought two of the coldest and snowiest years recorded. 
Extreme weather conditions, combined with a decade of severe overgrazing, devastated herds of cattle
and sheep. Subsequently, hay farming on irrigated land soon became a common practice to provide
reliable winter food for cattle (Young 1986) and sheep (Yensen 1982).  The Hagerman Valley
surrounding Upper and Lower Salmon Falls Reservoirs was used extensively for irrigated agriculture for
almost a century because of the availability of numerous springs along the east side of the Snake River. 
Upland areas that were not irrigated were grazed by livestock.

Following the passage of the Carey and Desert Land Entry Acts, private organizations and the
federal government rushed to build irrigation facilities to divert the flow of the Snake River and
tributaries onto the desert landscape in order to "reclaim" the land for agriculture.  Irrigation projects
became commonplace and agriculture became an important source of income for the region (Miss and
Campbell 1988).  One of the earliest large-scale reclamation projects undertaken on the Snake River
began in the early 1900's at what is now known as the Milner Dam site.  Large numbers of would-be
farmers emigrated from the eastern and middle United States to take advantage of new government
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regulations (e.g., Carey Act, Enlarged Homestead Act) that provided up to 320 acres of land (Yensen
1982) to any man, woman or child willing to convert the arid West into farmland (Greenwood 1987). 
Many of these farms failed, especially during the drought and depression years of the 1930's, leaving
behind large areas denuded of vegetation.

In the late 1950's technology became available to build powerful electric pumps to irrigate upland
habitats on the benches above the Snake River.  Subsequently, large tracts of Artemisia-dominated lands
were developed for agriculture (Stacy 1991).  Currently, many of the upland areas on the benches, as well
as much of the Hagerman Valley, are under cultivation.  Nearly 500,000 acres of the surrounding
counties have been converted to cropland (J. Grover, Consolidated Farm Services Agency, pers. comm.).
 This amounts to 20% and 25% of the total land acreage in Gooding and Twin Falls counties respectively.
 Uncultivated areas in the study area are generally grazed with exception of the Hagerman Fossil Beds
National Monument.  The monument has not been grazed since the early 1980's.

3.  Methods

3.1.  Field Methods

Prior to selection of transect locations, native and naturalized plant communities were identified
based on the principal investigator's familiarity with the riparian vegetation of the study area.  The
communities were defined as plant associations dominated by native species and occurring repeatedly in
the study area.   The criteria for selection of transect locations included recent grazing history, fire
history, relatively shallow slopes, and the presence of associations considered most representative of the
study area.  Actual transect locations were then selected from areas thought to have little recent
disturbance.  An attempt was made to choose locations with as many plant communities represented as
possible.  Ultimately, 10 locations were chosen (Figure 3).  One location (GA10) was approximately 5
miles downstream of the Hagerman Study Area (T5S R11E Sec7 NE1/4 SE1/4).
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Transects were selected, mapped and marked in spring 1991.  A 100 m tape was laid along the 
moisture gradient from the outer edge of the riparian or emergent vegetation - open water interface to a
point within the upland plant community where no more facultative wetland (FACW, FAC+) species (as
defined by Reed 1988) occurred.  A list of wetland and species and their status (Reed 1988) was used to
determine which species were obligate to wetland habitats and which were facultative.  The physical
attributes of the transect were recorded, including aspect (degrees), elevation, slope, type and degree of
disturbance.  Degree of disturbance was determined from a modified version of the Natural Resources 
Conservation Service (NRCS) range classification standards provided in the Soil Conservation Service
National Range Handbook (1976).  The NRCS monitors range condition at numerous sites across the
United States.  In their evaluation of range condition, they take into account the composition, vigor and
productivity of the vegetation, reproductive effort, percent of the plant community that represents the
"potential" vegetation for the site and the degree of surface soil erosion.  Riparian plant community
composition is naturally more dynamic than community composition in uplands primarily because fluvial
process is an important component shaping the local environment (Mitsch and Gosselink 1993).  Thus,
riparian communities commonly exist in a state of “dynamic equilibrium” (Szaro 1989).  Therefore, rather
than use “potential” vegetation as an indication of disturbance, the abundance of native species
composing the existing plant associations was used.  Specific attributes representing the site condition at
each transect location were scored from 1 to 4 (Appendix 1). The scores were summed to obtain an
estimate of site quality.  The greater the sum, the less the disturbance.

The transect was sampled continuously along its entire length with a quadrat made of 2.5 cm
diameter PVC pipe.  The inside dimensions of the frame were 0.5 m x 1.0 m.  The quadrat was centered
on the tape with the long axis perpendicular to the transect.  Information collected within each quadrat
included:  1) the percent cover of the four dominant species in the herb layer (dominant species were
those with the greatest cover); 2) a list of other species present within the quadrat; 3) a soil sample for
moisture determination; 4) percent of rock cover; 5) depth of soil that could be penetrated by a 1 cm
diameter steel rod; and 6) elevation of each quadrat above the water surface.  In addition, soil samples
were collected along two transects for soil chemistry analyses.  The two transects were chosen to
maximize the number of plant associations and individual species represented.  A 2.5 cm diameter soil
probe was used to sample soil moisture at the 20-30 cm depth of the soil profile.  Soils were immediately
placed in airtight containers and taken to the laboratory.  The samples were weighed, dried overnight at
105°C, then reweighed.  Soil moisture content was determined as the percent of the dry weight of the
sample.  Soil samples for chemistry analyses were collected with an auger to the same approximate 20-30
cm depth.  Complete soil chemistry analysis included texture, lime (Soltanpour and Workman 1981), pH
(Richards 1954), conductivity (Richards 1954), organic matter content (Greweling and Peech 1960), and
macronutrients (Olson and Sommers 1982, Sims and Jackson 1971).  Cover of woody shrubs and trees
within the quadrat was measured using the line intercept method (Canfield 1941) along the transect line,
and measured to the nearest cm.

3.2.  Data Analysis
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Classification of vegetation data into plant associations was achieved for each transect by using
Two-Way-Indicator-Species-Analysis (TWINSPAN).  Two-Way-Indicator-Species-Analysis is a
polythetic, divisive method of classification that groups species and transects by "progressive refinement
of single axis ordination from reciprocal averaging..." (Kent and Coker 1992).  Multiple dichotomies are
created until no significant dissimilarities are found within a group or a minimum sample size of three
transects is reached.  Generally, dichotomies beyond the third level are not considered in classification
(Kent and Coker 1992, Gauch 1989, Jongman et al. 1987).  The strength of each dichotomy is measured
using eigenvalues calculated during each ordination.  Eigenvalues describe the amount of variation
explained by a particular ordination axis (Kent and Coker 1992, Gauch 1989, Jongman et al. 1987).  The
larger the eigenvalue, the more variation is accounted for by the axis and the more similar are members of
the group relative to other groups.  Eigenvalues were used to determine which dichotomies were the
strongest and could be used for classification.

Canonical Correspondence Analysis (CCA) was performed on all datasets from each transect to
identify factors that may influence species distributions.  For one transect, CCA was insufficient to group
species with associated environmental factors.  For that transect, additional analysis was done using
Principal Components Analysis.  Both PCA and CCA produce diagrams depicting the data sets arranged
along X and Y axes.  The X-axis is commonly referred to as Axis I, while the Y-axis is commonly
referred to as Axis II.

Canonical Correspondence Analysis is a direct ordination technique that utilizes regression of
species data against environmental data in combination with ordination techniques to discern correlations
between species data and environmental factors (Kent and Coker 1992, ter Braak 1988).  Multiple "axes"
can be identified by CCA.  The axes represent one or more environmental gradients.  A correlation matrix
is produced such that the environmental factors represented by the axes can be identified.   Eigenvalues
calculated by the ordination are used to determine which axes account for the most variation in the data
set.  The species-environment correlations are depicted in a two dimensional graph.

Principle Components Analysis is an indirect ordination technique that "...linearly transforms an
original data set into a [sic] set of uncorrelated variables that represents most of the information in the
original set of variables" (Dunteman 1989).  This is done by organizing the data set into groups of
correlated variables that are relatively independent of one other (Tabachnick and Fidell 1989). The
technique attempts to explain variation observed in the data set on the basis of a few underlying, and
unmeasured, dimensions.  The dimensions are thought to reflect underlying processes that have created
the correlations.  Principal Components Analysis has no underlying statistical model of the observed
variables and focuses on explaining the total variation in the observed variables on the basis of the
maximum variance properties of the principal components (Dunteman 1989).  The processes that underlie
the distribution of the data set are inferred through interpretation of a two (or more) dimensional graph
depicting the ordination results.

4.  Results
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Transect GA01 was 39.5 m long with a total elevation change of 3.0 m (Table 1).  Slope changed
gradually for the first 26 meters then inclined more steeply for the remaining 14 meters (Figure 4).  The
aspect was west-facing (270°) (Table 1).  Three plant associations were delineated:  Salix
exigua/Phalaris arundinaceae, Salix amygdaloides/Euthamia occidentalis, and Rhus trilobata (Table
1, Appendix 2).  Vegetation was considered to be in good condition with little disturbance (Appendix 3).
 Vegetation complexity decreased rapidly as the slope became steeper (Figure 5).

Soil characteristics measured were texture, percent soil moisture, pH, conductivity, nitrogen,
phosphorus, organic matter and calcium carbonate (lime) content.  Soil textures were primarily loams and
silt loams at the wettest end of the transect with loamy sands and sandy loams occurring in the drier
zones (Appendix 4).  Soil moisture ranged from 56.1% to 1.1%; pH ranged from 7.6 to 8.6 with the
more neutral soils tending to occur in the wet areas (Figure 6).  Soil conductivity ranged from 0.4 to 2.2
dS/m (deciSiemens/meter) with the lower values occurring in the drier soils.  Calcium content was high
throughout the transect, low only at the very driest end of the transect.  Nitrogen content was low across
the transect ranging from 0 to 8%.  The running mean of percent nitrogen tended to decline with
increasing distance from water.  Organic matter was also low throughout the transect, but highest near
the water's edge, decreasing as distance from water increased.

Axis I of the ordination is most closely correlated to the distance of a quadrat from water and its
elevation relative to the water surface (Table 2, Figure 7).  The moisture content and electrical
conductivity of the soil are also more correlated to the first axis than to the second, though the
relationships are not as strong as for the distance and elevation factors.  Axis II is most closely correlated
to soil phosphorus content, soil pH and texture.

The distribution of Salix exigua appears to be most strongly correlated with soil phosphorus and
moisture content, while the other dominant woody species are not strongly correlated with any of the
factors measured (Figure 7).  Of the environmental variables known, Rhus trilobata associates most
strongly with relative elevation above the water.  Salix amygdaloides may be associated, albeit weakly,
with nitrogen content and electrical conductivity of the soil.  Other noteworthy correlations include the
very strong correlations between Lactuca serriola and soil phosphorus, and between two herbaceous
species, Chenopodium album and Dipsacus fullonum, and soil moisture content.

The three plant associations found on transect GA01 appear to correlate to environmental factors
in a manner similar to the dominant species occurring in each association (Figure 8).  The Salix
exigua/Phalaris arundinaceae association (group 1 on Figure 8) is composed of species that appear at
nearly the same position along Axis I, but are scattered widely along Axis II, suggesting the association is
most closely correlated with soil moisture.  The Salix amygdaloides/Euthamia occidentalis association
(group 2) tends to be made up of species clustered near the origin of Axes I and II among the arrows
describing electrical conductivity, nitrogen content and pH.  The third group, the Rhus trilobata
association, appears at the portion of Axis I that reflects lowest soil moisture content.
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Transect GA02 was 40.0 m long with a total change in elevation of 3.2 m (Table 1).  Although
average slope for the transect was 8.0%, the bulk of the incline occurred during the last 7.0 meters
(Figure 4).  Most of the transect had standing water present.  The aspect was northeast-facing  (52°)
(Table 1).  Four plant associations were delineated:  Scirpus acutus, Urtica dioica-Chenopodium
album, Salix amygdaloides/Chenopodium album, and Rosa woodsii/Urtica dioica (Table 1, Appendix
5).  Vegetation was considered to be in good condition with little disturbance (Appendix 3).  Vegetation
complexity was greatest on both ends of the transect (Figure 9).

Soil characteristics measured were percent soil moisture and depth.  Rock was absent from the
soil surface.  Soil moisture ranged from 57.8% to 1.3%; depth was uniform essentially throughout the
transect (Figure 10).  Soil texture sampled at four sites along the transect indicated silt loam at the center
surrounded by sandy loam on the wetter end and sand on the drier end (Table 3).

Axis I of the ordination is most closely correlated to the elevation relative to the water surface
and soil moisture (Table 4, Figure 11).  The amount of variation explained by the first axis is moderate
(46.0%).  Axis II is most closely correlated to the distance of the sample quadrat from water.

Most species cluster around the center of the biplot (Figure 11).  Only the species typical of drier,
upland soils disperse away from the center of the diagram.  Two Salsola species and Rosa woodsii are
correlated with relative elevation above the water surface.

The distribution of the four plant associations found on transect GA02 overlaps significantly, thus
the factors influencing the location of the associations along the transect are not discernable with the
factors measured (Figure 12).

Transect GA03 was 80.5 m long with a total change in elevation of 4.2 m (Table 1).  The average
slope for the transect was 5.2% (Figure 4).  The aspect was southwest-facing (250°) (Table 1).  Five
plant associations were delineated:  Elaeagnus angustifolia/Poa pratensis, Elaeagnus angustifolia/
Chenopodium album, Chenopodium album, Distichlis spicata-Bromus tectorum, and Artemisia
tridentata (Table 1, Appendix 6).  Vegetation was considered to be in moderate condition with some
disturbance (Appendix 3).  Vegetation complexity declined slowly with increasing distance from water
(Figure 13).

Soil characteristics measured included percent soil moisture, depth and percent cover by rock. 
Soil moisture ranged from 36.8% to 2.7%; depth ranged between 7 and 40 cm, although depth was
generally 10-20 cm across the transect (Figure 14).  Rock cover was high (>50%) along the river bank
where riprap had been placed, but decreased to 0% after meter 2.0 (Figure 14).  Soil texture sampled at
four sites along the transect indicated soils near the water were sandy loam, changing to loamy sand by
one-quarter of the length of the transect.  Sand dominated from the middle of the transect to the end
(Table 3).
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Axis I of the ordination is most closely correlated to the elevation relative to the water surface
(Table 5).  The amount of variation explained by the first axis is 78.7%.  Axis II is most closely correlated
to the moisture content of the soil.  These two axes together explain 99.1% of the variation found in the
data set.  However, species are tightly clustered about the center of the biplot produced during CCA
analysis and no correlations among species and environmental factors are discernable.

A PCA performed on the vegetation data shows riparian species such as Lycopus asper and
Polygonum persicaria on one end of the axis and Artemisia tridentata on the other end suggesting Axis
I may depict a moisture gradient (Figure 15).  Species with more intermediate moisture requirements,
Medicago sativa and Agropyron repens, also occur at the same end of Axis I as Artemisia tridentata,
thus the moisture gradient is not clear.  The percentage variance explained by Axis I is 48.1% (Table 6). 
Axis II cannot be defined from the environmental data collected and there is insufficient information
known about the ecology of each species to suggest what other environmental factors might correspond
to the second axis.

Patterns in distribution of plant associations are discernable on the PCA diagram, although
overlapping somewhat (Figure 16).  The Elaeagnus angustifolia associations (groups 1 and 2 on Figure
16) tend to occur in moist habitats and are found on the left side of the diagram.  The Chenopodium
album association (group 3) tends to occur on the lower portion, and the Distichlis spicata-Bromus
tectorum (group 4) and Artemisia tridentata (group 5) associations tend to occur on the right side of the
diagram.  The latter association occupies upland habitats. The presence of Bromus tectorum with
Distichlis suggests group 4 may also tend toward upland habitats as well.  The distribution of each
association tends to reflect the distribution of the dominant species associated with each group with a
possible moisture gradient lying between the Elaeagnus- and Distichlis-dominated associations.

Transect GA04 was 30.0 m long with a total change in elevation of 1.6 m (Table 1).  A gradual
increase in slope gave the transect a slope of 5.2% (Figure 4).  The aspect was northeast-facing (46°) 
(Table 1).  Three plant associations were delineated:  Scirpus acutus, Distichlis spicata, and Bromus
tectorum-Kochia scoparia (Table 1, Appendix 7).  Riparian vegetation was considered to be in good
condition with little disturbance (Appendix 3).  Vegetation complexity was greatest on both ends of the
transect (Figure 17).  Distichlis spicata formed a monoculture at the center of the transect.

Soil characteristics measured were percent soil moisture and depth.  Rock was absent from the
soil surface.  Soil moisture ranged from 59.8% to 10.6% (Figure 18).  Soil depth ranged from 80 cm near
the moist end of the transect to 6 cm at the drier end. Soil texture sampled at four sites along the transect
indicated loam at the center bounded by sandy loams on the wet and dry ends (Table 3).

Axis I of the ordination is most closely correlated to the elevation relative to the water surface
and soil depth (Table 7, Figure 19).  Soil moisture correlates more strongly to Axis I than Axis II.  The
amount of variation explained by the first axis is high (77.0%).  There are no measured environmental
factors that correlated strongly to Axis II.
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Species shown in the biplot (Figure 19) are arrayed horizontally by habitat:  all of the upland
species occur left of the center point, while all of the riparian and wetland species occur to the right. 
Urtica dioica and Scirpus acutus may be associated with greater soil depth as well.

The plant associations of transect GA04 tend to disperse along the first axis, with the Scirpus
acutus association (group 3 on Figure 20) tending to occur at lower elevations and higher soil moisture. 
The remaining two associations are similarly positioned along Axis I, but separate from one another along
Axis II.  Given the weedy makeup of the Bromus tectorum-Kochia scoparia association, it is possible
that Axis II represents a disturbance gradient.  All of the species present in groups 1 and 2 are annual
weeds, except the Distichlis.

Transect GA05 was 42.0 m long with a total change in elevation of 2.3 m (Table 1).  The average
slope for the transect was 5.5% (Figure 4).  The aspect was east-facing (87°) (Table 1).  Five plant
associations were delineated:  Scirpus acutus, Galium triflorum-Solanum dulcamara, Juncus balticus-
Chenopodium album, Distichlis spicata-Kochia scoparia, and Distichlis spicata-Bromus tectorum
(Table 1, Appendix 8).  Vegetation was considered to be in good condition with little disturbance
(Appendix 3).  Vegetation complexity was greatest at the transition from emergent to riparian vegetation
(Figure 21).

Soil characteristics measured included percent soil moisture and depth.  Rock cover was absent
except at one site where cover was 13%.  Soil moisture ranged from 90.6% to 9.3%; depth ranged
between 5 and 80 cm with the deepest soils at the moist end of the transect (Figure 22).  Soil texture
sampled at four sites along the transect indicated soils were sandy loam throughout (Table 3).

Axis I of the ordination is most closely correlated to the elevation relative to the water surface
(Table 8, Figure 23).  However, the amount of variation explained by the first axis is only 59.0% (Table
8).  Axis II was correlated equally to the moisture content and depth of the soil.  In total, 87.8% of
variation in the vegetation data was explained by the two axes.

Species appear to be arranged along Axis I from riparian and wetland habitats to upland habitat
(Figure 23).  Upland species such as Agropyron cristatum, Salsola kali, Bromus tectorum and
Sisymbrium altissimum, are associated most strongly with the relative elevation above water surface. 
Riparian species appear to be correlated with both axes, with Scirpus acutus most strongly associated
with moisture while Scutellaria galericulata, Solanum dulcamara, Lycopus asper and Typha latifolia
appear to be associated with soil depth.

The plant associations of transect GA05 are well dispersed along Axis I, but have considerable
overlap (Figure 24).  This suggests that the distribution of associations is correlated with elevation above
water.  The Scirpus acutus and Galium triflorum-Solanum dulcamara associations (groups 4 and 5 on
Figure 24) tend to occur in moister soils compared to other associations.  They also overlap along Axis II
indicating they have similar moisture requirements.
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Transect GA06 was 23.0 m long with a total change in elevation of 1.7 m (Table 1).  The average
slope for the transect was 7.4% (Figure 4).  The aspect was southeast-facing (112°) (Table 1).  Four
plant associations were delineated:  Scirpus americanus, Distichlis spicata-Eremopyrum triticeum, Iva
axillaris-mixed grasses, and Artemisia tridentata/Distichlis spicata (Table 1, Appendix 9).  Vegetation
was considered to be in good condition with little disturbance (Appendix 3).  Vegetation complexity was
greatest at the transition from emergent to riparian vegetation (Figure 25).

Soil characteristics measured were percent soil moisture and depth.  Rock cover was absent.  Soil
moisture ranged from 36.1% to 19.8%; depth ranged between 3 and 80 cm with the greatest depth near
the water's edge (Figure 26).  Soil texture sampled at four sites along the transect indicated soils were
sandy loam across the entire transect (Table 3).

Axis I of the ordination is most closely correlated to the elevation relative to the water surface
and soil moisture (Table 9, Figure 27).  The amount of variation explained by the first axis is 65.9%
(Table 9).  Of the three measured factors, soil depth shows the strongest relationship with Axis II. 
However, the correlation value for depth is nearly equal for Axes I and II (r=0.67 and -0.62,
respectively).  In total, 90.4% of variation in the vegetation data is explained by the two axes.

Veronica anagallis-aquatica and Scirpus americanus appear to be correlated to soil moisture
content (Figure 27).  The relative positions of the riparian species, Galium triflorum and Chenopodium
album, and the upland species, Lepidium perfoliatum and Grindelia squarrosa, suggest soil depth may
be important.  The two riparian species are present on deeper soils than the two upland species occupy. 
Iva axillaris, on the other hand, is an upland species that appears to prefer deeper soils.  Polygonum
persicaria lies intermediate to the soil moisture and soil depth arrows, suggesting that both factors may
be correlated with the distribution of that species.

The plant associations of transect GA06 display some overlap, especially among the two
associations that occupy the drier portion of the landscape (groups 1 and 2 of Figure 28).  There, the
vegetative difference between the two associations is the presence of Artemisia tridentata (group 1). 
This would suggest the Iva axillaris association (group 2) most closely resembles an upland association
at this site.  Among the associations as a whole, the distribution along Axis I reflects differences in soil
moisture with the emergent plant community, Scirpus americanus (group 4), at the “wettest” end of
Axis I and the two upland communities at the opposite end.  The remaining riparian association (group 3)
is spread along the moisture gradient represented by Axis I, but it is also widely spread along the soil
depth gradient represented by Axis II.

Transect GA07 was 20.5 m long with a total change in elevation of 1.9 m (Table 1).  The average
slope for the transect was 9.3% (Figure 4).  The aspect was northeast-facing (70°) (Table 1).  Five plant
associations were delineated:  Typha latifolia, Carex nebraskensis, Distichlis spicata-Hordeum
jubatum, Distichlis spicata-Kochia scoparia, and Iva axillaris/Distichlis spicata-Eremopyrum
triticeum (Table 1, Appendix 10).  Vegetation was considered to be in good condition with little
disturbance (Appendix 3).  Vegetation complexity was greatest at either end of the transect (Figure 29).
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Soil characteristics measured were percent soil moisture and depth.  Rock cover was absent
except at meters 2.0 and 2.5 where it was 5%.  Soil moisture ranged from 53.3% to 18.0%; depth ranged
between 2 and 80 cm and was greatest at the wet end of the transect (Figure 30).  Soil texture sampled at
four sites along the transect indicated soils were sandy loam across the entire transect (Table 3).

Axis I of the ordination is most closely correlated to soil depth (Table 10, Figure 31).  Relative
elevation above the water surface is correlated nearly equally to Axes I and II (r=-0.73 and -0.68,
respectively).  It is the environmental variable that is the most strongly correlated with Axis II.  Soil
moisture was more strongly correlated to Axis I than Axis II.  In total, 97.5% of variation in the
vegetation data is explained by the two axes.

Species are distributed along a horizontal gradient from moist habitats (Typha latifolia and
Veronica anagallis-aquatica) to dry habitats (Kochia scoparia and Eremopyrum triticeum) (Figure
31).  A number of wetland and riparian species appear to be correlated with soil depth including Typha
latifolia, Veronica anagallis-aquatica, Xanthium strumarium and Cirsium spp.  Lycopus asper and
Hordeum jubatum appear to be correlated with soil moisture.

The plant associations of transect GA07 are distributed along the soil depth and moisture
gradients represented by Axis I (Figure 32).  Two pairs of associations overlap: the Distichlis spicata-
Kochia scoparia association (group 2 of Figure 32) occupies a similar position along Axis I with the Iva
axillaris/Distichlis spicata-Eremopyrum triticeum association (group 1), and the two emergent plant
associations, Carex nebraskensis (group 4) and Typha latifolia (group 5), share a similar position at the
opposite end of Axis I.  The association dominated by Iva axillaris also appears to correlate most
strongly to elevation above water surface as compared to the other associations present.

Transect GA08 was 20.5 m long with a total change in elevation of 7.6 m (Table 1).  The average
slope for the transect was 37.1% (Figure 4).  The aspect was east-facing (88°) (Table 1).  Three plant
associations were delineated:  Salix exigua, Celtis reticulata, and Artemisia tridentata (Table 1,
Appendix 11).  Vegetation was considered to be in good condition with little disturbance (Appendix 3). 
Vegetation was floristically simple; only six species were present, including two upland species (Figure
33).

Soil characteristics measured were percent rock cover and depth.  Soils present across the
lower half of the transect were shallow deposits (< 5 cm) overlying basalt boulders (Figure 34).  Soil
under the boulders was not accessible and therefore was not sampled.  Depth was very shallow near the
wet end of the transect, increasing at the center of the transect then declining somewhat as elevation
increased.  Cover of rock was very high (>80%) for half of the length of the transect then declined as
elevation increased.  Soil moisture ranged from 8.3% at the middle of the transect to 0.3% at the dry end
of the transect .  Soil texture sampled at four sites along the transect indicated soils were loamy sand near
the center of the transect, changing to sand near the upper end (Table 3).
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Axis I of the ordination appears to be most closely correlated with distance from water and
percent cover of rock (Table 11, Figure 35).  Axis II is most closely correlated with soil depth.  Soil
moisture was not included in the CCA because soil samples were not available for sampling for most of
the transect.  The factors associated with Axis I account for 89.7% of the variability in the vegetation
data set.  Together the three factors, distance from water, cover of rock and soil depth, accounted for
99.6% of the total variability.

Species are distributed along a gradient from moist habitats (Salix exigua, Ribes aureum, and
Verbascum thapsus) to drier habitats (Artemisia tridentata) (Figure 35).  In general, the riparian species
appear to correlate most strongly with decreasing distance from water, although R. aureum and S.
exigua appear to be associated with rock cover, as well.  Verbascum thapsus may correlate with soil
depth.  Celtis reticulata occupies the center of the diagram, showing no affinity for any of the factors
measured.  Artemisia tridentata and Bromus tectorum appear associated with low rock cover and
locations that are farthest from water.

Transect GA08 is occupied by three plant associations that sort along the axis most closely
correlated with distance from water and rock cover (Figure 36).  There is very little differentiation among
associations along Axis II.  The Artemisia tridentata association, an upland plant association (group 2 of
Figure 36) is most positively correlated with low rock cover and a simultaneous increase in measurable
soil depth.  The two riparian associations, Salix exigua (group 3) and Celtis reticulata (group 1) are
located similarly along Axis I and may share similar habitat characteristics.

Transect GA09 was 24.0 m long with a total change in elevation of 8.5 m (Table 1).  The average
slope for the transect was 35.4% (Figure 4).  The aspect was north-facing (0°) (Table 1).  Five plant
associations were delineated:  Veronica anagallis-aquatica-Epilobium glaberrimum, mixed forbs, Salix
exigua/Glycyrrhiza lepidota-Dipsacus fullonum, and Artemisia ludoviciana/Bromus tectorum (Table
1, Appendix 12).  Vegetation was in good condition with little disturbance (Appendix 3).  Vegetation
complexity was lowest at the dry end of the transect (Figure 37).

Soil characteristics measured were percent cover of rock and depth.  Rock cover was 100% for
most of the first 12.5 m of the transect, declining to near 0% at 16 m (Figure 38).  Depth varied with rock
cover.  Where soil was present, depth ranged from 3 to 53 cm.  Soil samples were not available for most
of the transect because of rock cover, so soil moisture was not determined for most of the transect.  The
samples that could be collected had moisture contents ranging from 6.7% to 1.6%.  Soil texture sampled
at three sites along the transect indicated soil changed from sandy loam at meter 4.0 to loamy sand at
meter 24.0 (Table 3).

Axis I of the ordination is most closely correlated to the elevation relative to the water surface
and surface rock content (Table 12, Figure 39).  Soil depth and cover by rock are equally, and oppositely,
correlated with Axis II (r=-0.50 and 0.49, respectively).  The percent variation explained by the first axis
is 58.1%.  Total variation in the vegetation database explained by both axes is high (96.1%).

Celtis reticulata and Agropyron spicatum appear to be correlated with rock cover and elevation
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above the water surface (Figure 39).  Sisymbrium altissimum appears to be most sensitive to soil depth.
 Ribes aureum lies intermediate to the soil depth and elevation arrows on the biplot, suggesting both
factors  could influence the species.  Wetland species, such as Veronica anagallis-aquatica, and riparian
species that typically occur in very moist soils, such as Polypogon monspeliensis and Plantago major,
are clustered near the center of the biplot possibly associated somewhat with elevation above water
surface.

Most of the plant associations on transect GA09 are clustered together along Axis I (Figure 40). 
One association, the Ribes aureum/Bromus tectorum association (group 1 of Figure 40), stands
separately, appearing to be correlated with the highest elevations above water.  The remaining
associations show some species overlap and occur at elevations closer to water.  These associations sort
themselves along this elevation gradient, but also along the second axis representing soil depth and
percent rock cover.  Because of the limited availability of soil depth data, the correlation between soil
depth and plant community distribution should be interpreted with caution.

Transect GA10 was 23.5 m long with a total change in elevation of 7.5 m (Table 1).  Average
slope for the transect was 31.9% (Figure 4).  The aspect was north-facing (21°) (Table 1).  Five plant
associations were delineated:  Polypogon monspeliensis-Veronica anagallis-aquatica, Salix
exigua/Dipsacus fullonum, Salix amygdaloides, Rhus trilobata-Toxicodendron radicans, and Prunus
virginiana (Table 1, Appendix 13).  Vegetation was considered to be in good condition with little
disturbance (Appendix 3).  Vegetation complexity was greatest near the water's edge (Figure 41).

Soil characteristics measured included texture, percent soil moisture, pH, conductivity, nitrogen,
phosphorus, organic matter and calcium content.  Soil textures were predominately sandy loam
interspersed with pockets of loamy sand.  A sandy clay loam was found at meter 6.0 (Appendix 4).  Soil
moisture ranged from 38.7% to 2.4%; pH ranged from 6.9 to 8.0 with no particular distribution pattern
apparent (Figure 42).  Soil conductivity ranged from 0.4 to 2.6 dS/m with the lower values occurring in
the drier soils.  Calcium content varied throughout the transect from none to high (Appendix 4).  Calcium
content tended to be lower near the drier end of the transect.  Nitrogen content was low across most of
the transect, ranging from 0 to 29% (Figure 42).  The running mean of percent nitrogen was greatest at
the center and near the dry end of the transect.  Organic matter was low near the wet end of the transect,
increased just above midslope, then declined.  Phosphorus followed a pattern similar to that of organic
matter although phosphorus content varied more along the transect.

Axis I of the ordination is most closely correlated with the calcium content, elevation relative to
the water surface and soil organic matter (Table 13, Figure 43).  The three factors explain less than 30%
of the total variation.  The moisture content and phosphorus content of the soil are also more correlated
with the first axis than the second, although the correlations are not as strong as for the first three factors.
 Axis II is most closely correlated to soil pH and texture.  The total variation explained by the two axes is
51.4%.

The distribution of wetland species, such as Veronica anagallis-aquatica and Scirpus validus,
appears to be most strongly associated with soil moisture (Figure 43).  The riparian species, Salix
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exigua, Castilleja exilis, and Dipsacus fullonum were closely allied with the calcium (CA) content of
the soil.  Other riparian species, including Ribes aureum, Prunus virginiana and Clematis ligusticifolia,
appears to correlate with organic matter and phosphorus content.  Artemisia tridentata, a common
upland species, appears to correlate with texture and pH.

Three of the five plant associations found on transect GA10 are clustered at the center of the
ordination diagram (Figure 44).  The species composing the Prunus virginiana (group 1 on Figure 44),
Rhus trilobata-Toxicodendron radicans (group 2) and Salix amygdaloides (group 3) associations are
positioned in close proximity to one another near the center of the diagram, suggesting no clear
correlation with the environmental data collected.  The species in the Salix exigua/Dipsacus fullonum
(group 5) and Polypogon monspeliensis-Veronica anagallis-aquatica (group 4) associations do
demonstrate stronger correlations with soil moisture and calcium content, respectively.

5.  Discussion

A number of environmental factors can significantly influence the distribution of plant species
across and within a landscape.  For upland vegetation these factors can include temperature, precipitation
and organic matter content of soil (Diamond and Smeins 1988) and competition for nutrients (Wilson and
Tilman 1995).  Numerous studies, undertaken during development of a legal definition for wetlands,
related riparian and wetland vegetation to soil water content and inundation period (Baad, 1988,
Nachlinger 1988, Erickson and Leslie 1987).  Other studies have identified landform (morphology) and/or
disturbance as important influences (Bendix 1994, Nilsson et al. 1994, Baker 1989, Evenden 1989,
Warren and Anderson 1985, Hupp 1982, Miller 1976).  Limited availability of appropriate germination
sites was identified as a key factor for Populus and Salix species (McLeod and McPherson 1973,
McBride and Strahan 1984).  The two genera are among the most common species dominating riparian
zones of the western U.S. (Mitsch and Gosselink 1993).
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While allogenic factors such as disturbance and landform were not assessed in this study, their
influence often determines the quantity and quality of local habitats.  A brief discussion of the role of such
factors, in this case specifically disturbance, is worthy of inclusion.  Disturbance can result in number of
outcomes within a riparian system (Mitsch and Gosselink 1993).  For example, flood events often destroy
existing vegetation in localized areas while providing new habitats (scoured areas or newly deposited
point bars) for plant establishment.  Grazing can alter floristic composition and species abundances (Szaro
1989).  Dams can divert all of the water from a stream channel or stabilize flows and eventually lead to
development of more stable plant communities (Mitsch and Gosselink 1993).  Disturbances to the
riparian and wetland vegetation of the Hagerman Study Area have taken place at watershed and local
levels.  Significant water diversion and flow regulation have taken place on the Snake River since the
early 1900's.  Regulation and diversion for irrigation located upstream of the study area have altered the
distribution of water within the river channel, reducing the magnitude and frequency of flood events
(Idaho Water Resource Board 1993).  However, flows vary greatly among months as well as years and
thus can still have a significant influence on vegetation establishment and persistence.  The mean volume
of water (cfs) passing through the Snake River below Milner Dam (RM 638.7) varies greatly among the
months of May through September (Figure 45), but the variability in flow is greater during the early
growing season (May and June) than later (July, August, and September).  Plant establishment is
occurring during the early portion of the growing season.  Thus, flows during this time are likely to have
a profound influence on establishment in any given year.

Localized disturbances within the study area have included grazing, mining, agriculture,
recreation, commercial and residential development, and landslides.  Lack of historic baseline vegetation
data and specific studies precludes determination of the actual impacts of these activities on the local
vegetation.  Given the body of knowledge describing the response of vegetation to anthropogenic
disturbance (e.g., Milchunas and Lauenroth 1993, Brinson 1991 and Szaro 1989) it is likely that local
historic land disturbance events have led to changes in the riparian vegetation, many of them probably still
bearing influence upon the distribution of plant species across the current riparian landscape.  Thus, the
results reported in this study reflect species and community responses to local site differences that are
likely to have been influenced in some unquantified way by environmental conditions beyond those
studied directly.

The transects placed at the ten sites selected for study were all oriented along the local moisture
gradient.  It is not surprising then, that soil moisture content or related factors (distance from water and
elevation above water surface) often were identified as the factor(s) most closely correlated with the first
axis of the CCA.  Increases in elevation result in decreases in soil water content as the distance from the
water source increases, thus the relationship between the two can be nearly parallel, especially when the
slope of the terrain is shallow and even.  Any of these three factors could be strongly correlated with Axis
I and thus indicate a soil moisture gradient.

Analyses of two of the ten transects resulted with Axis I most closely correlated with factors
other than soil moisture.  Transect GA07 was most strongly associated with soil depth and transect GA10
was most strongly associated with calcium content.  For both transects however, soil moisture was also
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strongly correlated with Axis I.

The factors correlating most strongly with Axis II were often edaphic characteristics that are not
influenced, at least directly, by soil moisture.  These included soil depth (GA08, GA09), texture (GA01,
GA10), pH (GA01, GA10) and rock (GA09).  Transect GA04 had no measured factors strongly
correlated with Axis II.  Transects GA02, GA03, GA05 and GA07 were correlated with moisture and
‘distance’ factors.  Soil texture can influence soil moisture content through the greater moisture holding
capacity inherent in the large surface area characteristic of finer textured soils, especially clays (Brady
1974).  Clay fraction of riparian soils has been cited as having an important influence on the distribution
of riparian communities in the southwestern US (e.g., Tamarix pentandra; (Gary 1965)).

Soil phosphorus content was among the factors with a significant correlation to Axis I at transect
GA10.  Delivery of phosphorus occurs during the sediment transport associated with flood events
(Mitsch et al. 1979).  Several studies have indicated that phosphorus is a "...relatively immobile nutrient
that once imported should remain within the ecosystem...." (Boggs and Weaver 1994) especially in areas
not frequently flooded.

Numerous studies have identified factors influencing the distribution of species and assemblages
within the riparian zone.  Soil depth was identified as one of the factors most strongly influencing the
distribution of floodplain species at the Raritan River in New Jersey (Frye and Quinn 1979).  Substrate
(silt and peat) was found to play an important role in the Vindel watershed in Sweden (Nilsson et al.
1994).  Soil fertility (measured as phosphorus content) was identified as a principle explanation for
wetland species’ distributions along the Ottawa River in Canada (Day et al. 1988).  Competitive ability
among selected species along a water depth gradient has also been identified as a critical factor affecting
species distributions (Gaudet and Keddy 1995).  Clearly, a number of factors can affect species
distributions within wetland and riparian habitats.  Within the context of this study, a few riparian species
were sampled repeatedly enough to determine distinct correlations with edaphic and topographic
characteristics.  Salix exigua was correlated positively with increased phosphorus content and soil
moisture content.  Typha latifolia appeared to associate with moderately deep soils (> 30cm).  Veronica
anagallis-aquatica consistently correlated most strongly with saturated soil conditions (high soil
moisture and low elevation relative to water surface.  Several species exhibited a wide amplitude of
ecological tolerance, occurring across a large proportion of a transect or on multiple transects, including
Phalaris arundinaceae (GA01) and Celtis reticulata (GA08, GA09).

The ordination of edaphic and topographic characters in combination with the vegetation
characters of the ten transects has provided an indication of what factors might affect the distribution of
plant species within the riparian zone of the middle Snake River.  The descriptive nature of this study
precludes determination of causality and the direct nature of the relationship between a species or species
assemblage and specific habitat attributes.

6.  Conclusions
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Ten transects, representing a broad range of riparian and wetland plant associations, were
ordinated using CCA or PCA to identify possible edaphic and topographic factors correlating with the
distributions of species and associations.  The transects were established along the moisture gradient at
each site.  In most cases, the moisture gradient was the factor represented on Axis I that most strongly
correlated with species distributions.  However, analyses of two of the ten transects resulted with Axis I
most closely correlated with factors other than soil moisture. Transect GA07 was most strongly
associated with soil depth and transect GA10 was most strongly associated with calcium content.  For
both transects however, soil moisture was also strongly correlated with Axis I.  Axis II of the ordinations
was often correlated with edaphic characteristics.  These included soil depth (GA08, GA09), texture
(GA01, GA10), pH (GA01, GA10 and rock (GA09).

Although the study was designed to examine local site conditions, it must be recognized that
allogenic factors such as disturbances are influencing species distributions in ways that may not be
detectable within the context of this study.
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