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This report describes and summarizes data collection efforts funded by the NRCS 
- CEAP Program during the summer of2006, and by the Klamath Tribes during 2007 
and 2008. The purpose of the larger study (including both 2006 and 2007 data collection 
and substantial analyses) is to examine vegetation as a response variable- how plant 
communities vary with topography and geomorphology, soil type and texture, and land 
use in the riparian zones of the Sprague Valley. We use the data to explore how 
communities relate to grazing pressure, invasive species, how adjacent water 
management may impact vegetation, and how broad vegetation patterns have changed 
over time. Specifically, with survey efforts, we documented where woody species are 
colonizing and occupying the riparian zone in a range of conditions. This report 
describes data collection, results and conclusions from the three-year study effort 
summarizing results in the context of current and future restoration efforts. 

• Section 1 details the methods used to collect the data. 

• Section 2 describes historic vegetation conditions relevant to current and future 
restoration efforts. 

• Section 3 presents general characteristics of the basin and transects, including 

o Relationships between geomorphology and valley floor vegetation, 
dimensions of transects, general soil processes and textures; 

o Vegetation characteristics (shrubs, herbaceous species, water availability); 
and 

o Riparian and floodplain management (grazing, subirrigation, reed canary 
grass). 

• Section 4 summarizes transect point data, showing 

o Shrub locations and concentrations on transects; and 



o Soil texture, ground cover, reed canary grass. 

• Section 5 presents results of the shrub survey, including 

o Age class, height class and genus of shrubs found in the basin; and 

o Management and predation issues. 

• Section 6 describes soil moisture data collected summers of 2007 and 2008. 

• Section 7 provides a synthesis and comparison of Sprague and Sycan ecosystems 

• Section 8 recommends strategies for site types best suited for passive restoration 
and also planting guidance for those types with low potential for natural 
regeneration. 

• Section 9 concludes the report. 

Section 1: METHODS 

Site Selection 

Working with the NRCS, the USFWS and the Upper Klamath Watershed 
Council, and a partner project with University of Oregon, a variety of sites were chosen 
for assessment efforts. Many sites are involved in restoration efforts, typically riparian 
fencing, though others are grazed to varying degrees. At the time of survey, fence ages 
varied from less than I to more than 10 years. In addition to restoration sites on private 
lands, public access sites, including lands owned by the U. S. Forest Service and Klamath 
County, were surveyed for riparian conditions. While most private landowners were 
willing to participate in the study, several restoration sites on wide valley segments were 
not included due to denied access. In hindsight, it would have been useful to include a 
number of more heavily grazed sites in the mid and lower basin for comparisons of 
processes. 

All of the sites surveyed were on the main valley floor of the Sprague and Sycan Rivers, 
with two transects on the constrained portion of the lower North Fork. Seventy-six 
transects were surveyed on 18 separate properties, with measurements taken from late
July to mid-August. In order to document riparian vegetation types and how they change 
with geomorphology, transect sites were selected in places without vertical cutbanks, 
preferably on the primary channel, and preferably on alluvial deposits with gentle to 
moderate slopes. This type of bank is more responsive to management changes and 
vegetation development and allows examination of spatial patterns in soils and hydrology 
from the water edge to the high end of the riparian zone. 

Data Collection Methods 

Data collection was accomplished by Chris Massingill, graduate research 
assistant, and several undergraduate research assistants during summer seasons (June to 
September), in both 2006 and 2007. Riparian topography, soil characteristics and general 
plant community data were collected in this effort. All nieasurements were based on a 
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linear transect extending perpendicular to the channel, from the inner margin of riparian 
vegetation (typically emergent species), to the dry upper limit of riparian species. Field 
methods generally followed Winward (2000) and Cordes et al. (1997). The location of 
each transect was recorded by GPS using a Trimble Geoexplorer, and GPS data were 
post-processed to bring them to greater accuracy (within approximately 0.5 m). These 
coordinates allow the site transects to be correlated to the LiDAR high-resolution 
elevation data set that is available for the Sprague and lower Sycan River valleys. Photos 
were taken at each transect both perpendicular and parallel to the riparian zone. 

Soil Moisture 

Soil moisture data were collected on a 
subset of transects on the Sycan and Sprague 
Rivers during summer seasons of2007 and 2008 
to document the amount of moisture available to 
vegetation over the summer dry season, and to 
determine iflack of moisture or rapidly declining 
water tables were responsible for the scarcity of 
shrubs in certain segments. 

Fourteen clusters of soil moisture sensors 
(gypsum block tensiometers) were placed on nine 
established riparian transects along with an 
immediately adjacent piezometer (Figure I). A 
maximum of four sensors made up each cluster, at 
depths of 20, 40, 70 and 110 cm. Clusters placed 
near the channel in a shallow water table had only 
2 sensors (20 and 40 cm depth), and resistant 
substrate occasionally determined the depth of the 
deepest sensor. Some transects had only one 
cluster (with either a narrow riparian width or low 
geomorphic profile), while most other transects had 
two clusters. Data loggers recorded soil moisture 
twice daily from late June to late September. 
Piezometers monitoring ground water levels were 
read manually approximately once per month. 
During the 2007 season, 47 sensors produced data, 
while the 2008 season had only 31 successful 
sensor records due to equipment failures, retrieval 
issues and in one case, early removal due to an 
impending bank stabilization project. Data 
loggers were housed in an irrigation valve box 
(Figure 2) set into the soil in order to minimize 
risk to the equipment from grazing animals and 

Sensor 
cluster 

~ 

Figurel. Illustration of soil moisture 
measuring design with data logger (top), 
piezometer (upright) and sensors (bottom 
right). Image fTom the manufacturer, 
(www.irrometer.com. accessed 2- I 8-09) 

Figure 2. Sample site fTom Kamkaun Springs 
reach. Data logger housed in green valve box 
with sensor cluster (underground) near 
piezometer on right. 

were removed prior to the winter and spring high-flow season. 
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Topography 

We used an autolevel to survey local riparian surface topography, ranging from 
the inner edge of riparian vegetation (often within the wetted channel) to the outer edge, 
often occupied by dry upland grasses and/or sage brush. A schematic layout of a transect 
is shown in Figure 3. Elevations were recorded approximately every meter (arrows in 
Figure 3), with more frequent measurements at gradient breaks such as the channel edge. 
All elevations were recorded as meters above the lowest rooted, vascular, riparian 
vegetation present at the time of survey (height above vegetation edge). Water levels 
were at or near summer baseflow and likely dropped slightly during the course of 
fieldwork. This measurement of height over vegetation edge was judged to be at least as 
stable, if not more so, than in-
channel stage heights that respond to Riparian Bands (herbaceous type and ground 

precipitation events and summer 
decline, and irrigation withdrawal. 

Herbaceous Vegetation 

Herbaceous species in 
riparian settings are often arranged in 
bands of elevation (Figure 2), 
running parallel to the water's edge. 
Those bands were recorded for each 
transect identifying: 

dominant species (including 
presence ofRCG), 

percent ground cover, and 
extent of the band (in meters on 

the transect tape). 

Bands were classified as hydric 
(supporting mostly obligate, saturated 
vegetation), mesic (supporting a mix 
offacultative wet riparian species) and 
xeric (facultative riparian species -
often a mix of upland herbaceous 
species, still-green pasture grasses with 
greater access to water). It was 
common to have several hydric bands 
on one transect or many mesic bands. 
Xeric bands were less often 

Figure 3. Measurement of topography and bands (green, 
orange and brown lines) with each point (orange arrows) 
along the transect (red and white). 

Shrubs (within 3m of transect) 

Figure 4. Measurement of shrubs within 3 meters 
upstream or downstream of the transect tape 

subdivided. Reed canary grass received special attention and was specifically reported if 
it was observed anywhere on the transect. 

Species of herbaceous plants were identified when possible, especially when a 
species dominated one or more bands on the transect. Species identification was 
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somewhat inconsistent between field crews, however, so only general information and 
physiognomy were relied on in determination of the appropriate water zone. 

Shrubs 

Woody species were recorded in a belt transect, 6 meters wide, centered on the 
herbaceous transect (Figure 4). Any woody species found within 3 meters upstream or 
downstream of the transect line were identified to genus (to species when possible), 
measured for elevation and distance from the water, classified to age class and height, 
and inspected for condition. 

Soils 

General soil characterization was done regularly along the vegetation transect 
(Figure 5), typically at one meter increments, though in wide or homogeneous bands, the 
increment was increased to up to 3 meters. Using a I-inch soil probe, cores were taken 
up to 70 cm deep with each layer documented for depth, thickness, texture, layering and 
moisture (Figure 6). 

Soils (up to 70 em depth) Figure 5. Characterization of soils on a 
transect. Samples taken up to 70 cm depth, 
typically at 1 meter increments. 

Figure 6. Field crew identifying soil texture and depth. 
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Section 2: HISTORIC VEGETATION CONDITIONS 

Land use in the Sprague Valley has been predominantly forage production (hay or 
grazing) in the valley bottom and timber harvest in the adj acent uplands, with very little 
rural residential development within the active floodplain. The general plant associations 
and community character have changed little over time, at least within the floodplain 
boundary. A botanist traveling through the area in both 1922 and again in 1934 
documented vegetative conditions in southern Oregon, with comments relative to the 
Sprague valley highlighted below (William E. Lawrence, Field Journals, Oregon State 
University Herbarium, Corvallis, Oregon.) Lawrence primarily saw the Beatty Flat area, 
near the confluence of the Sycan and Sprague, upstream through Beatty Gap, into Bly, 
and onto Lakeview. No notes were found regarding the river downstream of the Sycan 
confluence area. 

From the 1922 trip, Lawrence notes: 
July 1,1922. Klamath Falls to Lakeview, Oregon, via Hillebrand, Bly. 
"No trees are to be found in the Beattie flat. The kind of sage was not noted" 
"Ribes aureurn grew very luxuriantly along the creek in Beattie valley. Salix was very 
abundant along the stream and Rumex along the dry roadside, where there is some 
subsoil moisture." 
'The road after rising over a ridge soon came to border the Sprague River. Ribes aureum 
was very abundant along this river even leaving it and creeping a short way out on the 
drier slopes now and then." 
"Salix, Ribes aureum, Amelanchier, Prunus demissa, Populus, Urtica, Rosa sp. were seen 
abundantly along the Sprague river." 
"In brief it was Populus, etc. and Ribes aureum along the river. Kunzia tridentate then 
Artemesia tridentat and a little Ribes cereum with yellow pine farther up." 
"Hay farming characterizes the productive areas here." 
" .. . cattle get water hemlock along the river. The rootstock stick up and are bitten offby 
the cattle and sometimes by the sheep." 

From the July 3, 1922 notes: 
"The currents grow in quantity along the creek bottoms. This is Ribes aureum. It is along 
the Sprague River in quantity. It extends from above Bly at Sec. lOT 37R 16 down the 
river in abundance for 8 miles. It grows here in thick bodies. Below here it extends 
scattering with the willows down into the Reservation." 

From the July 30, 1934 notes: 
Klamath Falls, Oregon to Lakeview, Oregon, via Bly. 
"Sprague River junction .. . .. There is an extensive natural meadow flat here which extends 
along the river bordered with Salix." 
"Over this ridge and we turn into a large valley mostly covered with sage. A small area 
of natural pasture is seen." 
"From here the Sprague River is seen to the left (north) with natural meadow pasture on 
bottom and bordered by willows. This widens out to the Bly area." 
"Bly ..... has certainly grown since 1922 when last I passed through. The saw mill has 
evidently brought about the change." 
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Historic vegetation observations, while only covering a short portion ofthe basin, 
validate that the Sprague-Sycan confluence was only sparsely covered in woody 
vegetation with no trees. Beatty Gap, on the other hand, has long been vegetated with a 
variety of woody species including aspen and some ponderosa pine. 
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Historic Floodplain Cover Mapping 

In a joint effort to understand the geomorphic processes operating in the Sprague 
Basin, researchers from the University of Oregon and U.S. Geological Survey engaged in 
a floodplain mapping project that documented geomorphic, vegetative and built features. 
The full vegetation portion of the report (not included here) contains a detailed change 
analysis for cover types (water, bare, herbaceous, short woody «6m) and tall woody 
(>6m», analysis of floodplain development, and discussions ofland use and trends in 
cover changes. While the final report is still in progress, some of the conclusions from the 
vegetative analysis that are most relevant to restoration of riparian processes are 
presented here, including historic levels of cover types and dominant trends over time. 
The basin was divided into large relatively homogeneous segments (Figure 7) that 
included the Sprague mainstem and South Fork plus two large tributaries, the Sycan 
River and the North Fork Sprague. 

River Segments 

The Sprague River Basin is a series of narrow and wide segments, with vegetative 
characteristics that reflect differences in hydrologic and sedimentary processes (Figure 7; 
Table I). Narrower canyon segments, especially lower in the basin, support considerable 
stands of mature woody vegetation while wider valleys are more dominated by 
herbaceous vegetation. These patterns are validated by both the historical floodplain 
mapping effort (I 940s to 2000), and by the transect survey effort in this study. The 
Sycan River and the North Fork, tributaries to the Sprague, have historically supported 
considerable woody vegetation, though shrub populations are much reduced now. The 
Upper Valley segment, between Beatty Gap and the South Fork segments, is unique in 
that its upstream portion is wide, the downstream portion is narrow, and both subsurface 
and surface water availability may be increased due to the narrowing valley. A similar 
phenomenon occurs at the lower end of the Buttes of the Gods segment, as the valley 
narrows toward S' choholis Canyon. 

!Chililt\uin Canyon 

( 

Area of Figure 8 ~ 
, 
A: 

Figure 7. Segments of the Sprague River Basin with tributaries. Field studies excluded Chiloquin 
Canyon, South Fork, and Upper Valley segments, with limited information collected on the North Fork. 
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Table 1. Summary of segment names, abbreviations, number of transects surveyed in each, plus a 
characterization of general valley and vegetative characteristics. 

River Segment Code Transects Confinement/ Dominant Woody Vegetation Types 
Surveyed Gradient 

Chiloquin CC 0 Narrow/Steep Ponderosa prevalent with many shrubs, 
Canyon occasional Populus 
Braymill BR I Narrow/Low Ponderosa prevalent with many shrubs, 

occasional Populus 
Kamkaun Sp. KS 13 Wide/Low Moderate number of shrubs (including 

occasional tree form Salix) 
S'choholis SC 15 Moderate/ Mixed dominance. Ponderosa, shrubs, 
Canyon Low occasional Populus 
Buttes ott Gods BGD 10 Wide/Low Few shrubs. No trees. 
Council Butte CB 12 WidelLow Few shrubs. No trees. 
Beatty-Sycan BSY 5 Wide/Low Moderate number of shrubs (especially 

historically). No trees. 
Beatty Gap BGP I Moderate/ Mixed shrubs, aspen, few conifers, no 

Low cottonwood 
Upper Valley UV 0 Wide/Low Few shrubs on upper end (historically 

more). No trees. 
South Fork SF 0 Wide/Low Few shrubs (historic levels unknown). No 

trees. 
N. Fk. Sprague NF 2 Wide/Low Few shrubs (historically more). No trees. 
Lower Sycan SY 17 Moderate/ Shrubs (Salix, Ribes, Rosa, Spirea). A 

Moderate few trees at uppermost extent. 

Figure 8 is an example of the vegetative mapping done for the project from the 
upper portions of the S'choholis Canyon segment near Saddle Mountain. The entire 
active floodplain surface was: 

• classified by cover types; 
• divided into geomorphic river segments and smaller floodplain polygons; 

and, 
• summarized by I) total cover and, 2) near channel cover (including the 

primary channel plus 20m extending onto floodplain). 
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Figure 8. Examples of the vegetation 
floodplain mapping on a small upstream 
portion ofS'choholis Canyon for 1940's 
(a), 1968 (b), and 2000 (c). Note the 
decrease in short woody cover from 1940 
(green polygons) and the increase in tall 
woody cover in 2000 (orange polygons). 

Mapping was done for a basin-wide set of photos from three time periods (early 
1940s, 1968 and 2000) within an ArcGIS geospatial database created for the project. 
1940's photos are as baseline for calculating change, with exception of the Bly Valley, 
for which 1940 photos were not available. The 1940s photo set combined images from 
1940 and 1941. Intensive floodplain development occurred during the 1950's and 1960's 
for the middle segments of the river, while impacts to the upper basin segments have 
continued into the 2000's. The 1968 photoset also includes impacts from a large recent 
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flood event earlier that year and reflects intense grazing management throughout the 
basin. 

Cover was totaled in two different methods. One method included the entire 
floodplain surface, and the other, only the near-channel environments. Floodplain 
surfaces are more prone to large scale conversion for pasture ground, roads, etc., and 
include drier areas that support tall woody vegetation. Near-channel areas are more 
prone to fluvial impacts such as new deposits and scoured areas, and are also areas most 
likely to be colonized by recovering and/or invading vegetation. Because the average 
width of riparian transects in field measurements was 18.7 m, and represented moderate 
riparian widths (not cutbanks or excessively wide areas), 20 meters was selected as the 
sampling width for the near-channel polygon extent for the GIS analysis. 

The four following graphs (Figures 9 and 10) summarize the percent of cover for 
each cover class on individual river segments for each year mapped. The two upper 
graphs represent the lower basin segments (Chiloquin Canyon to Council Butte) and the 
lower graphs show the upper basin segments including Beatty-Sycan to the South Fork 
on the mainstem and the main tributaries, the North Fork and Sycan. Note that the North 
Fork and South Fork values for 1940 are missing. Complete photos for those segments 
were not available in that year. 

The segment to segment differences in floodplain cover are greater than temporal 
differences between any segments. Canyon segments have considerable variety of cover 
types (Chiloquin Canyon, Braymill, S'choholis Canyon, and Beatty Gap), while wider 
valley segments (Bridge of the Gods, Council Butte and North Fork) are strongly 
dominated by herbaceous cover. It is also striking just how little cover percentages have 
changed over time, especially in the Buttes of the Gods and Council Butte segments. 
Short woody cover initially declined and later recovered in Chiloquin Canyon, Braymill 
and S'choholis Canyon segments. Woody cover in Kamkaun Springs segment shows 
slight but steady decline. Tall woody cover shows a small but steady increase in the three 
lower basin canyon segments. 

Floodplain cover in the upper basin Beatty-Sycan segment is constant, while the 
Upper Valley and Sycan segments lost considerable short woody vegetation cover in 
1940-1968 and continued to lose this vegetation type 1968-2000. The South Fork and 
North fork segments lost woody cover between 1968 and 2000, while the Beatty Gap 
segment recovered somewhat during this period. Tall woody cover in Beatty Gap has 
declined over time. 

In graphs of the near-channel environment (Figure 9), most segments showed 
short woody cover decline 1940-I 968 and then continued but slower decline 1968-2000. 
Only Chiloquin Canyon and S'choholis Canyon had increases in short woody cover 
between 1968 and 2000. The percentage of bare ground is conspicuously higher in the 
near-channel environment, as bars and fresh deposits are much more significant at this 
scale than in the floodplain cover data. Bare ground values are typically highest in the 
1968 photoset, with a reduction 1968-2000. Upper basin segments, especially the North 
Fork, South Fork and Sycan segments are highest in bare ground cover. It is worth 
noting that while Buttes of the Gods and Council Buttes segments have lost short woody 
cover in the near channel environment, there was very little present to start with. 
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Figure 9. A summary of percent cover in near-channe l habitats from historic mapping project 
(UO/USGS). Upper graph shows the lower basin segments, up to Council Butte. Lower graph 
shows upper mainstem segments and tributaries. Note that the near-channel environment 
includes the primary channel plus a 20 meter buffer. 

Converted to hectares, these percentages show considerable change in cover over 
time. Between 1940 and 1968 photo sets, excluding the North Fork and South Fork 
segments, the basin lost 138 hectares of short woody cover. Of that total, 67 hectares 
were within 20 meters of the channel. Between 1968 and 2000, including the North Fork 
and South Fork segments, the basin lost another 14.5 hectares of short woody cover, with 
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nearly 10 hectares lost near the channel. However, these changes were heavily 
concentrated in the North Fork and South Fork segments. Without these segments, the 
basin lost only 7 ha short woody cover, with 6 of those ha near the channel. 
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Figure 10. A summary of percent floodplain cover from historic mapping project 
(UOIUSGS). Note the strong dominance of herbaceous cover in most segments and general 
lack of change over time. 
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Section 3: TRANSECT CHARACTERISTICS 

The mechanisms of recruitment, establishment and maintenance of vegetation 
types (trees, shrubs, herbaceous) have been explored to a great extent in this effort and 
are discussed in the following subsections. This section, on transects characteristics, 
offers a broad view of general geomorphic relationships, vegetation patterns, impacts 
from land management, and longer term historical trends . Later sections will detail fine 
scale relationships involving points of individual transects, individual shrub 
characteristics and soil moisture over time. Transect locations and transects with soil 
moisture clusters are shown in Figure II. 

Locations 

o Transect 

• So,1 Mo" tUfe Tta"s.ect 

Figure 11. Locations of the 76 field transects, including those 8 transects where soil moisture 
measurements were taken. 

Geomorphology 

Sprague Basin segments show a strong relationship between the amount of woody 
cover on the floodplain and the width of the valley floor, similar to work done by Merrill 
et al. (2006). In that effort, riparian vegetation patterns were greatly controlled by 
decreasing valley width, decreasing stream sinuosity and increasing slope. Narrow 
canyons (Chiloquin Canyon, Braymill, S'schoholis Canyon) exhibit the greatest stands of 
conifer forest with scattered aspen groves and very rare cottonwood trees (in the lower 
part of the basin). Wide canyon segments (Council Butte, Buttes of the Gods, Beatty
Sycan, North Fork, and South Fork) are heavily dominated by herbaceous cover, with 
very little woody cover and virtually no trees. Moderately wide segments, or those with 
variable widths (Beatty Gap, S'choholis Canyon, Kamkaun Springs, and Upper Valley), 
have the greatest populations of shrubs. The two tributary segments, North Fork and 
Sycan, have wide valleys, similar to portions of the mainstem Sprague, though their 
potential for woody cover is much greater (according to mapping of 1940s conditions). 
This higher potential for shrub recruitment is likely due to the higher gradient of these 
tributaries relative to the mainstem, coarser sediment, and also the smaller channel size. 

Using data from the USGS/UO study, in which the entire floodplain surface was 
mapped, divided into segments and further and divided again into 200m polygons based 
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on the primary channel, we can see that woody cover is closely related to floodplain 
width (FigureI2). Values from 2000 show woody cover increasing with floodplain width 
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Area vs. Woody Cover - 2000 
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Figu re 12. Scatterplot of woody vegetation vs. approximate floodplain width for floodplain 
polygons mapped during the USGS Geomorphology Project. Year 2000 (a) and 1940(b). 
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up to 0.3 kilometers wide and decreasing steadily after that point. An envelope is drawn 
at the upper percentage of extent of woody cover for all valley widths for the more 
current 2000 values, with the same line used on the 1940 values. Values from 1940 in 
the same mapping effort, show a very similar relationship. Outliers (in dashed circles), 
are from Beatty Gap and above, on the Sprague River mainstem. Most outlier points are 
from the Upper Valley segment, which effectively funnels water from the Bly Valley into 
the Beatty Gap segment. The range if values at any given floodplain width is 
considerably lower in the 2000 data than in the 1940s, reflecting the loss of shrub cover 
that has occurred over time. 1940 data for mapping did not include most of the Bly 
Valley (above the Upper Valley segment), though woody cover values from 2000 
(annotation in Figure 12 a.) are consistent with the basic relationship. 

In addition to geomorphology, hydrologic relationships also playa large role in 
determining vegetation types in the basin. Low banks, for example in the Council Butte, 
Buttes of the Gods and Beatty Sycan segments, encourage overbank flooding, and are 
associated with wide valleys width. While willows and other riparian shrubs need good 
access to permanent water to sustain popUlations, too much flooding, especially for 
young plants, will kill many. Where trees are present in the basin (canyon reaches and 
floodplain margins) banks are high and soil is well drained. There were no trees 
documented in the field surveys of the lower, active, summer-defined riparian extent. 

Herbaceous vegetation, on the other hand, thrives on sites with lower bank 
elevations and greater inundation. Wide valley segments of the Sprague basin tend to 
function as 'linear wetlands', expressing characteristics of both lentic ecosystems 
(emergent vegetation, low water percolation, high saturation, etc.) and lotic ecosystems 
(flowing water). The Beatty Sycan segment (above the Sycan River confluence, below 
Beatty Gap), with its high deposition rate from Beatty Gap and slight backwatering from 
Sycan flood deposits, exhibited a diversity of sedge and rush species that was not seen 
anywhere else during the survey. 

High banks, while offering protection from flood flows, can and do dry out 
quickly. Establishment of woody vegetation requires synchrony between high flows, 
seed fly and water recession. Fine textures of soils in the portions of banks with higher 
elevation (1.5 m or greater) coincided with greater presence of shrub cover. Among the 
mainstem Sprague segments, S' choholis Canyon, Kamkaun Springs, Beatty Gap and 
Brayrnill had the greatest prevalence of fine sediments in higher banks. These fine 
sediments may be important for moderating moisture content during spring/summer 
recession, holding water longer than coarser soils would. 

Soil Types and Textures 

Soils immediately adjacent to the water's edge, as measured here, often bear little 
resemblance to the structure of the larger mapped floodplain extent. Features that would 
have reflected floodplain soils (cutbanks and banks on outside curves) were actively 
avoided during site selection for transect surveys. Transects were typically placed on 
recent stream deposits with moderate slopes on either inside bends or relatively straight 
segments of stream. With this in mind, soil-riparian relationships described in this effort 
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are defined more by sediments moving downstream than by characteristics of 
surrounding floodplain soils. 

Water moving laterally through the surrounding floodplain soils can and does 
have a considerable impact on riparian vegetation and hydrologic functions . In the Sycan 
River, specifically an impervious clay layer below the sandy pumice soil creates a 
perched water table that emerges high on the bank of several transects surveyed, 
returning irrigation water to the channel or connecting the flow of floodplain springs to 
the main channel. This extrusion of water from the banks, high above where the ground 
would typically be saturated, likely plays a large part in determining both the density and 
cover of herbaceous species, and also shrub species (especially seedlings) that can 
tolerate saturated conditions. The texture of the bank material determines the rate of 
passage of water through the soil, and with it, the amount of oxygen available to plant 
roots. While not a focus in this study, the lateral mobility of water through the soil, 
independent of saturation, clearly impacts the type of vegetation that can persist. 

Riparian width and height 

Riparian width, the distance 
between the inner vegetation edge 
and the outer dry edge is 
determined by the texture of bank 
materials, height of the 
surrounding floodplain, and 
adjacent water management. 
Figure 13 shows the distribution of 
transect lengths (equivalent to 
riparian width) for transects on the 
Sprague and Sycan Rivers, with 
most transects between 10 and 30 
meters long. For Sprague transects, 
distribution of lengths peaks at lO-
15 meters, while Sycan transects 
have their most common lengths 
between 15 and 20 meters. Both 
rivers have a small number of 
transects that extend more than 40 
meters. Longer transect lengths in 
the Sycan are likely due to a 
combination of more erodible banks 
and the prevalence of subirrigation. 

Riparian height, the difference 
in land surface elevation between the 
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lower vegetation edge and the upper dry edge, ranged from less than a meter to nearly 3.5 
meters (Figure 14). Most transects had a riparian height between 1 and 2.5 meters high, 
with only 4 transects less than 1 meter high and 7 transects greater than 2.5 meters high. 
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The three largest transect heights (at or above 3 meters) had either subirrigation (Sycan) 
or moderating influences from an adjacent north-facing hillslope (Sprague). Riparian 
height is greatly influenced by adjacent water management and natural features. On 
certain Sycan River transects, water flowing from upslope springs enters the riparian area 
through the stream banks, creating saturated conditions well above the typically wetted 
channel area. On some Sycan River and Sprague River transects, irrigation return flow 
has a similar effect, expanding the emergent vegetation band nearly to the sagebrush. 
Riparian heights in the Sycan River were often well below the surrounding floodplain, 
with the exception of irrigation return flow and spring influence. Riparian heights on the 
Sprague River, however, were often at or near, the height of the floodplain surface. 

This difference in 
floodplain heights is also reflected 
in riparian slopes (Figure 15) with 
considerable contrast between 
Sprague and Sycan Rivers. A 
histogram of transect slopes shows 
a peak between 10 and 15 percent 
for Sprague transects and a less 
distinct peak for the Sycan between 
15 and 20 percent. Slopes are 
distinctly skewed toward the lower 
slopes in the Sprague, with a more 
uniform distribution for the Sycan. 

Woody Vegetation - Shrubs 

Of the 76 transects 
surveyed (excluding the two on the 
North Fork), thirteen had no shrubs 
within 3 meters of the center 
transect line. The majority of 
Sprague transects had 10 shrubs or 
less, while nearly half of the Sycan 
transects had its more than 10 
shrubs, and 7 transects had more 
than 20 shrubs (Figure 16). The 
two North Fork transects, not 
shown in Figure 6, had 1 and 317 
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Figure 15. Histogram of transect slopes (height above 
vegetation divided by transect length) for the Sprague and 
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Figure 16. Histogram of shrubs numbers per transect, in 
irregular bins, for the Sprague and Sycan Rivers. 

shrubs. Both transects were located in the narrow canyon segment of the lower North 
Fork. The extremely high shrub count in the second transect reflected hundreds of 1 to 2" 
tall seedlings in clusters near the water's edge. More established shrubs were present, 
though located farther up the bank. 
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Several different species of willow were identified during the survey, along with 
wild rose, currant, spirea, and a species of poplar (Table 2). Ponderosa pine is common 
on floodplain surfaces in canyon sections, though it typically grows above the wet 
riparian zone. None were inventoried during this survey. Quaking aspen, also growing 
on floodplains, is typically on higher dry banks, and like ponderosa pine, was not 
encountered in our survey. 

Table 2. Riparian woody species encountered on floodplain or 
riparian surfaces. 

Species Common name 
Salix lasiandra Pacific, whiplash willow 
Salix geJi.eriana Geyer's willow 
Salix boothii Booth willow 
Salix exigua Coyote willow 
Salix lutea Yellow 
Rosa woodsii WildRose 
Ribes sp. Currant 
Spirea Spirea, hardhack 
Populus tremuloides Quaking aspen 

Herbaceous Vegetation 

Herbaceous vegetation community types were divided into bands based on 
dominant species and ground cover, moving outward from the channel. Crews recorded 
dominant species in declining order, indicating when dominance was shared. Bands were 
grouped by zones of inferred water availability called 'water zones' (hydric, mesic or 
xeric) based the composition of species and growth forms (physiognomy) making up the 
band: 

Hydric zone - Emergent vegetation (e.g. spike rush, mint, smartweed, etc) were 
typically near the water margin, often in saturated soils. 

Mesic zone - Mixed grasses and mesic forbs (e.g. reed canary grass, goldenrod, 
Epilobium and drier sedge and rush species) typically made up the middle portion of the 
transect. 

Xeric zone - Transitioning between riparian and upland vegetation, the Xeric 
zone was a combination of upland plants that have access to more water (e. g. pasture 
grasses that are green when the same species on the floodplain is dry) and dryer riparian 
species such as Equisetum, dock, and Baltic rush. The zone ended at the first sagebrush 
or when the mix became only upland species. 
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There were some notable exceptions to the general pattern. Heavy grazing 
pressure tended to mask any evidence of banding. Some Sprague transects were invaded 
by reed canary grass, creating a near monoculture across several potential bands. 

The number of bands present in a transect ranged from 1 to 10, with greater 
numbers of bands often associated with more complex topography, low to moderate 
grazing pressure, and/or a wider riparian area. Density of bands, the number of bands per 
transect, is a measure of the spatial heterogeneity in vegetation types and tends to 
increase with release from heavy grazing pressure and species dominate in their favored 
microsites. 

General Soil Textures 

Both the Sycan and North Fork transects were dominated by coarser sediments 
ranging from loams to gravels. Sprague transects expressed a greater range of soil 
textures, occasionally extending into finer clayey textures. Loam and silt dominated 
textures on the Sprague, while sand and loams dominate on the Sycan and North Fork. 
These differences in soil texture are due to the higher concentration of Mazama pumice in 
alluvial deposits of the north side tributaries. 

Adjacent Land Management 

Land management observed in the field was broken into three categories: grazing 
management within the riparian area, management (of water) on the adjacent floodplain, 
and presence, absence, and/or domination of reed canary grass in riparian areas. All three 
factors impacted riparian banding, ground cover and possibly shrub densities. 

Adjacent land management was not initially part of the study design, but its 
significance became obvious during field surveys. Distribution of management types is 
considerably skewed with the greatest numbers in the lower impact categories, making 
strong conclusion more difficult to support. Numbers of transects are most balanced for 
reed canary grass prevalence, less so for evidence of grazing, and least balanced in 
subirrigation practices. 

Grazing 

Identification of grazing practices was simple in concept but much more complex 
in practice. Pastures excluded from grazing by the landowner were often trespass grazed 
by neighboring animals. Areas with careful dormant season grazing could not be 
distinguished, based on conditions at the site, from those with no grazing at all. Some 
transects seem to be more resistant to grazing impacts (Sprague), and others much more 
sensitive (Sycan). In order to accommodate the variety of strategies and histories 
encountered, pressure was assessed based on what was observable at the time of the 
transect survey. Grazing pressure was identified as follows: 

• NE - no evidence of grazing pressure. (34 transects). No evidence of browsing 
of vegetation (herbaceous or woody) by cattle, and no trampling damage or trails. 
A few cow pies and individual hoof prints were sometimes observed. This 
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category often included pastures that were dormant season grazed such that 
evidence (browsing) was masked by current year' s growth. 

• LM -light to moderate grazing pressure. (30 transects). Vegetation is browsed, 
but the majority of the plant remains. No (or minimal) trampling damage to 
banks is observed and no cattle trails. 

• MH - moderate to heavy grazing pressure. (8 transects). Vegetation is browsed, 
with the majority of palatable plants heavily grazed. Trampling damage is 
considerable and cattle trails within the riparian area are obvious. 

• H - heavy grazing pressure. (4 transects). Vegetation is heavily browsed, broken 
and/or trampled. Banks and riparian surfaces are heavily damaged by hoof action. 

Grazing pressure had the greatest impacts on the amount of ground cover, the 
number of bands observed (density), and the average width of each band (Table 3). 
Negative effects in ground cover were most pronounced in the moderate to heavy and 
heavy categories. Average meters per band (the number of bands divided by the length of 

Table 3. Effects of grazing pressure on riparian bands 
and ground cover. 

Meters WtAvg. 
Grazing # Band Per Ground 

Code Transects Density Band Cover 

NE 34 0.33 3.72 88.5 

LM 30 0.30 3.95 86 .6 
MH 8 0.26 4.89 68.5 

H 4 0.17 6.38 54.2 

transect) ranged from 3. 7m at No 
Evidence to 6.4m at Heavy grazing 
pressure. Band density (bands per 

meter) fell from 0.33 to 0.17 between 
the same categories (summarized in 
Table 3). Figure 17 offers visual 
examples of band development (or lack 
of) on three separate sites in the 
Sprague basin. Heavy grazing removes 
evidence of banding, reed canary grass 

r--------------------------------= 
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Figure 17. Three examples 
of management pressure with 
impacts to riparian banding. 
The upper photo shows 
homogenization from cattle 
grazing where distinct 
communities are 
unrecognizable except for the 
very narrow band of 
emergent vegetation within 
the water's edge. The center 
photo illustrates the impacts 
of reed canary grass invasion, 
with only a single band from 
the water' s edge to the dry 
outer margin. The lower 
photo shows intact banding in 
herbaceous community 
including emergent species 
within the water's edge. Also 
note willow patch in 
background. 



can overtake most other species creating a single wide band while light or no grazing 
(lower photo) allows development of discrete community types and conditions. 

Irrigation Water Management 

As discussed in the previous section, adjacent management can and does have a 
large impact on riparian vegetation types and extent, though effects are variable and 
dependent on a number of factors not accounted for in this study. Of the 13 properties 
assessed on the Sprague River, six had subirrigation of some type, ranging from 
spring/seeps to sprinkler irrigation to flood irrigation (Table 4). Of those 6 transects with 
subirrigation, only 4 showed any impacts to riparian height, especially the height of the 
hydric zone. In the Sycan basin, four properties were surveyed, with three having 
subirrigated transects and only two showing any impacts on riparian height. Band density 
and meters per band show the highest diversity at light and moderate irrigation 
categories, with ground cover showing the highest percentages at the same levels. Shrub 
densities and numbers show no clear trends, not surprising given the low number of 
transects in the irrigated categories and the variability in shrub distribution. 

Table 4. Summary ofyalues for band density, meters per band and ground coyer 
for transects, as they relate to adjacent floodplain irrigation. 

Meters WtAyg. 
Sub- # Band per Shrub #of Ground 

irrigation Transects Densitv band Densitv Shrubs Cover 

Dry 60 0.29 4.32 1.11 18.0 83.1 
Light 4 0.45 2.27 1.52 24.0 90.5 

Moderate 6 0.39 2.84 0.30 3.7 87.6 

Heavv 6 0.28 4 .10 0.92 12.2 82.8 

Subirrigation water from the banks, both from natural and human sources, tended 
to result in expansion of the emergent vegetation from the typical position very near to 
water level to nearly the outer edge of the riparian area, with fairly pronounced effects in 
the Sycan, Bridge of the Gods and Kamkaun Springs segments. It was difficult to predict 
the impacts of types of subirrigation on riparian height. For example, an irrigation pond 
on the other side of the pasture fence did not impact one riparian height, where in another 
transect, sprinkler irrigation increased the upper extent of the hydric zone from 
approximately 0.8 meters to over 1.5 meters. Flood irrigation return often had greater 
impacts on the height of the hydric zone than sprinkler irrigation, though adjacent flood 
irrigation had no impact at all in several transects. In general, adjacent floodplain 
management can have a large effect on riparian water relationships, but depending on the 
timing of flows, structure of soils and conditions of vegetation, effects may range from 
pronounced to nil. 

Reed Canary Grass 

Reed canary grass (RCG) is a large factor in vegetation dynamics in the middle 
and lower segments of the Sprague River. RCG was observed in small patches in the 
Sycan River, though none of the surveyed transects encountered any. Similarly, none 



were recorded on the North Fork, though considerably less time was spent there than in 
either of the other two rivers. 

RCG influence was categorized for each transect and each riparian band. 
Categories were not present, present but not dominating, and dominating. In order to be 
called dominating, RCG had to be listed as either first or second on the band description 
for any band on the transect. Each transect with RCG was validated with transect 
photographs. Of the 76 surveyed transects, 27 had no RCG observed, 16 had RCG 
present, and 33 had RCG dominating at least one band of the transect (Table 5). 

The number of shrubs shows a declining trend with increasing RCG influence. 
Average ground cover is greatest on transects with at least one band dominated by RCG 
and band density and meters per band are less complex (fewer bands) in increasingly 
dominated sites. The decrease in diversity with RCG domination is lower, however, than 
the decrease seen with moderate to heavy and heavy grazing pressure. 

Table 5. Values for band density, meters per band, number of shrubs and 
weighted ground cover averages as they relate to prevalence of reed canary 
grass. 

Meters WtAvg. 
# Band per Shrub # Ground 

RCG Code Tsects Density Band Density Shrubs Cover 

Absent 27 0.33 3.71 1.90 32.8 75 .7 
Present 16 0.30 4.14 0.55 5.9 85 .5 

Dominating 33 0.28 4.35 0.53 8.8 89.7 
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Section 4: TRANSECT POINT 
DATA 

In order to explore spatial 
relationships within individual 
transects, each transect was 
translated into a series of points 
(typically meter increments) that 
were populated wi.th vegetative, 
geomorphic, hydrologic, soils and 
management characteristics. The 
76 transects produced a table of 
over 1500 data points from which 
many generalizations can be 
drawn. Numbers and species of 
shrubs growing near the transect 
were attached to point data, as 
were soil textures up to 70 cm 
deep, reported at depths of 0, 20, 
40, and 70 cm. 

One of the main goals of 
this study was to document where 
shrubs are growing naturally in 
order to mimic those patterns 
during restoration activities and 
improve planting success. Some of 
the primary questions regarding 
shrub distribution on transects are: 
how do they relate to water 
availability? How far are they from 
the channel? Does distribution 
relate to ground cover? Those 
questions are addressed here. 

Shrub Locations 

High water availability is a 
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Figure 18 (a. and b.) Bubble plots showing the 
distribution of shrub concentrations for Sprague (a.) and 
Sycan (b.) transects relative to percent of transect lengths 
and height above the vegetation edge. Larger bubbles 
represent higher concentrations of shrubs near a point. 

well-documented necessity for riparian vegetation. Too little water is an obvious 
problem that is most acutely felt by emerging seedlings during their first dry season. Too 
much water, especially for shrub seedlings, is an additional problem. Riparian shrubs in 
the Sprague basin favor well-aerated, well-drained soils. Sites with increased saturation 
and low water mobility are less favorable, and will likely have far fewer shrubs present, 
or have individuals that are lower in vigor (height and number of stems) than individuals 
in better sites. Figure 18 a. and b. illustrate how shrubs occupy surveyed riparian 
transects relative to their height above the vegetation edge and their percentage of the 
total transect. 
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There are two ways to approach the water availability question. First, how high 
are shrubs above the inner vegetation edge, 
and second, how many shrubs occupy the 
hydric, mesic and xeric zones. As transect 
lengths (riparian widths) varied from 5 to 
more than 50 meters, normalizing length as 
a percentage is helpful for interpreting data. 
Figure 18 a. shows the number of shrubs 
(the larger the bubble the greater the number 
of shrubs) along all transects surveyed on 
the Sprague mainstem. Nearly all shrubs are 
growing above 1.0 meter height above the 
vegetation edge. Of the higher 
concentrations of shrubs within the inner 50 
percent of the transect, most are above 1 
meter high. Figure 18 b shows a very 
different relationship for shrubs on Sycan 
transects, where the highest concentrations 
are less than 1 meter above the vegetation 

Table 6. A summary of all points for water zones of 
each river and the number of shrubs associated with 
each. Consider the low numbers of shrub (and total) 
points when interpreting results from the North Fork. 

Water Total Points % Points 
River Zone Points w/shrubs w/shrubs 

Hydric 418 18 4.3 
Sprague Mesic 447 86 19.2 

Xeric 299 76 25.4 
Hydric 82 11 13.4 

Sycan Mesic 140 50 35.7 
Xeric 96 29 30.2 

Hydric 4 I 25.0 
North 

Mesic 15 6 40.0 
Fork 

Xeric 18 3 16.7 
Total 1519 280 18.4 
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Figure 19. Box and whisker plots of binned 
values of shrub numbers (1 ~0 shrubs, 2~ 1 shrub, 
3~2-4 shrubs, 4~5-10 shrubs, 5~ 11-20 shrubs and 
6~20-60 shrubs) within 0.5 meter of a transect 
point, relative to the percent height ofthe transect. 

edge. Most shrubs on the Sycan are 
beyond approximately 30 percent of the 
transect length 

Figure 19 shows how binned 
shrub numbers relate to the percent of 
the transect height. Higher numbers of 
shrubs in Sprague transects are in 
progressively higher percentages of the 
total transect. Shrub numbers on the 
North Fork, in contrast, are greater 
closer to the channel edge. Sycan shrub 
numbers are more evenly distributed, 
though they do trend in an upward 

direction similar to the Sprague. Note that only the Sycan had points within the "20-60 
shrubs within 0.5m" bin. 

Overall, less than 20 percent of all 1519 points surveyed had any shrubs present (Table 
6). Shrubs were least common by far in the hydric zone, for both the Sprague and Sycan. 
The xeric zone on the North Fork, however had the lowest percentage for that river. 
Mesic and xeric zones had similar percentages of points with shrubs in both the Sprague 
and Sycan, though the mesic had the highest value in the Sycan and xeric was highest on 
Sprague transects. 
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Looking only at the points with 
shrubs (as opposed to all points in the 
previous paragraph) relative to moisture 
availability, differences emerge between 
rivers. Figure 20 shows the percentage of 
points with shrubs for all points on the river, 
for each of the water zones. The hydric 
zone accounts for approximately 10 percent 
of shrub points in each of the rivers. The 
mesic and hydric zones have a nearly equal 
share of shrub points in the Sprague, though 
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Figure 21 a and b. Height above vegetation edge 
and water zones for points with (right panel - y) 
and without shrubs (left panel- n) on the Sprague 
(a) and Sycan (b) rivers. 
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Figure 20. Percent of number of shrub 
occupied points per river and per water zone. 

the percentage of shrub points in the mesic 
zone is far greater in both Sycan and North 
Fork transects. 

Figure 21 shows differences on the 
Sprague (a) and Sycan (b) Rivers for 
points without shrubs (left panel) and 
points with shrubs. For the Sprague, 
mesic and xeric zones points with shrubs 
tend to occupy about the same elevations 
as points without shrubs. Within the 
hydric zone, however, shrubs tend to 
occupy somewhat higher points. 

The Sycan points (Figure 17 b.) 
shows a considerably different pattern. 
Shrubs in the hydric zone occupy only the 
highest points. Within the mesic and xeric 
zones, shrubs tend to occupy somewhat 
lower elevations. This suggests that shrubs 
prefer the central portion of the riparian 
transect. 

Shrub locations relative to heights 
above the vegetation edge were also 
plotted with respect to soil texture. As in 
the water zone graphs of Figure 21, 
Sprague and Sycan show very different 
patterns (Figure 22 a and b). In Sprague 
transects (a), shrubs tend to favor the finer 



textured soils, and they tend to occupy the higher elevation points for a given soil texture. 
In the Sycan, shrubs occupy much higher and narrower ranges in silt and clay textures 
than non-shrub points. 
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Figure 22 a 
and b. Height 
above 
vegetation edge 
for surface soil 
textures for 
points with (y) 
and without 
shrubs (n) on 
the Sprague (a) 
and Sycan (b) 
rivers. 1 =Sand, 
2=Loam,3=Silt, 
4=Clay. 

In conclusion, for shrubs habitats closest to the water (hydric zones) are clearly 
disfavored, with most of the shrubs occurring in the mesic and xeric zones. Mechanisms 
of exclusion vary by river. In the Sprague, excessive moisture appears to be limiting, 
while in the Sycan, it is likely fluvial force (erosion and burial of plants). In the Sprague, 
higher densities of shrubs clearly favor habitats greater than 1.0 meter above the inner 
vegetation edge, while in the Sycan, that preferred threshold is much lower. Figure 23 
highlights differences between individual transects on the Sycan River. 

Sycan River Site 2 ! 
Ag. sub-irrigation, loamy I 

Total height = 2.49 ' 
Saturated height = 1.58 

Willows on site = 1 

SycallRiv,erSite 1 
No sl.il:i-inigatlOn; sandy soil 

.,!.otat. ~~i;,~~ meters 
SaturiI~~~Jf3 meters 

Wili'Gws i)i'l'sif~;= 77 
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Figure 23. A 
comparison of 
two adjacent 
Sycan River 
sites, less than I 
mile apart, with 
very different 
vegetation 
bands, 
composition, 
soils and 
topography. 



Soil texture 

Riparian soils characterized 
during the survey also showed a 
fairly consistent pattern. 
Regardless of the surrounding soil, 
near-water sediments typically had 
a considerable sandy component 
with finer sediment in the upper 
part of the deposit. Further from 
the water edge, the bank typically 
had silts and loams, deposited from 
overbank flows on flatter surfaces 
and drapes of sediment on steeper 
banks. Clay dominated soils were 
also close to the edge ofthe 
channel and almost exclusively 
found on the Sprague mainstem. 
Transects in the Sycan were most 
likely to have gravel and a higher 
proportion of sand close to the 
channel. Figure 24 shows the 
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Figure 24. The distribution of basic soil textures at Oem 
depths relative to the absolute transect height. I =Sand. 
2=Loam, 3=Silt, 4=Clay. 

distribution of fundamental soil textures (sand, loam, silt and clay) at the soil surface 
relative to the height over the vegetation edge for each segments surveyed. Looking at 
the absolute height over the vegetation edge, it is easier to see which segments have the 
higher banks. In wide valley segments of the mid and lower basin (BOD, CB, BSY and 
KS), the majority of points are less than 1.25 meters in height. In the mainstem canyon 
reaches (BOP, BR, and SC), most loam and silt heights are well above 1.25 meters and 
support greater populations of woody species. The two tributary segments, NF and SY, 
show greater loam and silt heights as well, either due to topography (narrow valley for 
the North Fork transects) or subirrigation effects (several Sycan transects). Textures in 
these two segments tend to get finer with height above the vegetation edge. 
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The take home message about soils for the Sprague mainstem seems to be that the 
influence of texture is overshadowed by, and correlated to, overall heights above the 
vegetation edge, as a control on where shrubs thrive. In the Sycan and North Fork 
segments, soil texture classes were nearly all in the sand and loam categories, making 
substantial conclusions difficult. Soil texture is related to the movement of water through 
the soil, moderating gas exchange in plant roots independently of inundation. Saturated 
coarse soils on the Sycan supported healthy stands of shrubs while fine grained saturated 
soils on the Sprague did not. 

Ground Cover 

Ocular estimates of ground cover for each surveyed band, gave an approximation 
of micro site availability, sediment exposure and response to management. While figures 
are presented in terms of percent of habitat unavailable (percent cover), the inverse 
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(percent bare) is more important for potential seedling sites and sediment processes. 
Figure 25 (a) shows how ground cover relates to inferred water availability (water zone) 
on all three rivers surveyed. In the Sycan, cover shows a slight peak in the mesic zone, 
with greater soil exposure in very wet and dry bands. Sprague transects, however, show 
the greatest cover in the hydric and mesic zones, though the hydric zone shows many 
more outliers with low ground cover than the mesic zone. In the two North Fork 
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availability (a.) 
and level of 
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3=Mod to 
Heavy, 
4=Heavy. 

transects (both in the narrow section of the lower basin), ground cover is substantially 
lower in the near channel envirorunents (hydric zone) than in those further from the 
channel. 

Figure 25 (b) shows the relationship of ground cover in the surveyed rivers to the 
level of grazing experienced by each transect. Both rivers show that ground cover 
declines with grazing pressure, although the 
rate of decrease is greatest in the Sycan. 

It is interesting to note that ground ' 00 0 0 0 
;l' 0 0 cover, even on the 34 transects with no 

evidence of grazing (Figure 26), is still 00 
-----

substantially lower at the water's edge in • Sycan transects than those on the Sprague. 8 00 

While this appears problematic for sediment i 
0 

capture, opportunities for shrub recruitment ~ '" 
will be higher. Very high ground cover ~ 

values, in any position on the bank, will " 
decrease microsite availability for shrub 
seedlings. 

,"00' Mes,c koo ",00' M"',e -
Figure 26. Percent ground cover on 
transects with no evidence of grazing 
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Reed Canary Grass 

As the basin's most aggressive riparian 
invasive plant, reed canary grass deserves attention 
for both its location and impacts on ground cover. 
Reed canary was documented on transects in the 
Sprague only. Small patches were observed on the 
Sycan, but none near transect locations. On the 
Sprague, heaviest concentrations were recorded in 
Buttes of the Gods, Council Butte, S'choholis 
Canyon, and Kamkaun Springs. Table 7 shows the 
distribution of percentages of Sprague transect 
points (1126 total) as they relate to reed canary 
grass and water zones. Less than half of the 
Sprague surveyed points (45.5 percent) were free 
from reed canary grass. 

Figure 27 shows the relative elevations of 
reed canary grass within the three water 
availability zones. Higher density of reed canary 
grass tends toward the wetter portion of the xeric 
zone, the drier portion of the hydric zone, and 
shows no clear preference in the mesic zone. In 
both the xeric and mesic zones, reed canary grass 
domination (Code 3 in prevalence) is centered on I 
meter above the vegetation edge. Hydric zones 
typically did not reach that high on transects. 

Ground cover is also very high where reed 
canary grass dominates, compared to points where it 
is merely present, or absent altogether. Figure 28 
shows ground cover estimates recorded for each 
level of reed canary grass prevalence (I-absent, 2-
present,3-dominant). 

Reed canary grass and willow share 
tolerance for inundation and requirement for water 
over part of their range. When in full dominance, 
willow and RCG are mutually exclusive. It is very 
difficult for a willow seedling to become established 
in a RCG patch, and almost equally difficult for 
RCG to grow under a full canopy of willow. In 

Table 7. Percent of Sprague transect 
points as they relate to water zones and 
reed canary grass domination. 

RCG Hvdric Mesic Xeric 
Absent 14.9 11.3 19.4 
Present 11.1 8.1 3.1 

Dominant 10.0 19.1 3.2 
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Figure 27. Height of points with varying 
prevalence of reed canary grass for the three 
water availability zones. I ~RCG absent, 
2=present, 3=dominating. 
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Figure 28, Ground cover 
percentages VS. reed canary grass 

several sites on the Sprague, field crews noted (and photographed Figure 29) willows 
growing on the outside fringe ofRCG patches. Mean elevations for the two plants 
occurrence on the Sprague validates that observation. Willow has a mean elevation of 
1.3 m with most of the values falling between 0.95 and 1.67 m. RCG, in its full dominant 
mode, has a mean elevation of 0.92 m, with most values between 0.49 and 1.23 m. 
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Figure 29. Grazed reed canary grass near Saddle Mountain. Note ReG 
extending from channel nearly to sagebrush with willow at outside margin. 
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Section 5: SHRUB SURVEY DATA 

Some of the primary questions at the outset of the project regarded where shrubs 
were growing, where seedlings were becoming established naturally, and what were 
conditions in both shrubby and non-shrubby sites. In the previous section, transect point 
data were used to address several of those questions, but left a few more to be answered 
here. The survey of individual shrubs allows the refinement of 'where are shrubs 
growing' to 'what genuses are growing 
where' and 'what types oflocations 
support shrubs over time'. Over the 
course of the survey effort, data were 
collected on nearly 1350 individual shrubs 
with observations of location (relative to 
the channel), height class, stem class 
(approximation of age), and condition. 
Stern class categories followed Winward 
(2000). 

Genus and Species 

Of the shrubs surveyed, the vast 
majority were in the genus of Salix, in 
which 5 species were identified (Table 2). 
Detailed and accurate identification of 
willow species was beyond the scope of 
the survey effort, as characteristics are 
somewhat flexible and hybridization does 

Height vs. Genus 

'" 

o 
RilleS Sporea 

Figure 30. Preferences of shrub types for portions of 
riparian transect heights. 

occur, so there may be some inaccuracies in identifying willows to species. 

Boothe willow was found scattered throughout the basin, but dominated the two 
transects surveyed in the North Fork. Geyer willow was the most prevalent in the basin, 
on both the mainstem Sprague and Sycan, with co-occurring, scattered but common, 
Pacific willow. Coyote willow (exigua) was documented only in a small portion of 
S'choholis Canyon, on a bedrock outcropping above the channel. Other shrub types were 
rose (Rosa), three species of currant (Ribes) and Spirea. 

Shrub genuses clearly had favored locations (Figure 30). Ribes (n=19) nearly 
always preferred the upper 30 percent of the transect height, though Salix (n=1162) could 
be found at any position. Rosa (n=159), like Ribes, favored the upper portion ofthe 
transect, and Spirea (n=6) preferred the central percentages, ranging between 30 and 70 
percent of the transect height. 
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When grouped by river, 
there are distinct differences in 
elevation zone preferred by the 
species. Ribes and Rosa on the 
Sycan, for example, have a much 
more compressed range of typical 
values than those on the Sprague. 
Willows on Sprague transects, 
while occurring at any elevation, 
tend to occupy the upper part of the 
transect height (Figure 31). Sycan 
willows, occupying the same range 
of height, tended to be closer to the 
center of the transect. North Fork 
willows (nearly all Booth) were 
highly concentrated near the 
channel (more than 300 individuals) 
thought they were often only a 
couple of inches tall, growing in 
tight clumps of newly sprouted 
seeds. Spirea occurred almost 
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Figure 31. Preferences of shrub types for portions of 
riparian transect heights per river. 

entirely on the Sycan, with only a single individual measured on the Sprague. 

The distribution of shrubs on both the Sprague and Sycan Rivers reflect the 
interplay between two dominant tolerances, one for drought and one for inundation. 
Inundation however, is not a straight forward influence, either. In the Sycan, transects 
supporting rose and willow were saturated at high elevations on for the entire summer 
due to irrigation/spring flow that was flowing subsurface laterally through coarse grained 
sands and sandy loams. Saturated areas on the Sprague, however, were typically in much 
finer silt loams in the broad valley sections and had little lateral water movement. As an 
illustration, when piezometers were installed along with soil moisture meters, piezometer 
pipes filled at very different speeds. On the Sycan, pipes filled within minutes, while 
pipes at the silty loam site near Malheur Road took days to fill. That said, soil texture 
controls not only moisture availability through water holding capacity, but also moisture 
mobility in saturated conditions. 

Rosa, given its distribution, appears to have a lower tolerance for saturation with 
little lateral water movement, than Salix, the best equipped of the four shrub types. 
Currant was typically very high on the banks, suggesting a low tolerance for flooding and 
higher tolerance of drought. Spirea was so sparse that it was difficult to draw strong 
conclusions. 

Stem Class 

Stem class is a relative measure of the number of stems emerging from the ground 
on a single shrub plant. Non-rhizomatous shrubs, such as most willows and Ribes 
species, will add stems with age. When a shrub is broken or browsed, buds and branches 
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Transect Height vs Stem Class per River 
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Stem Class 

will grow, making the plant fuller, though 
those branches typically emerge above the 
surface of the soil and are not counted. Only 
the stems emerging directly from the soil were 
counted for age class. As a relative age 
indicator for individual shrubs, stem class 
provides insight into age class distributions for 
shrub populations and can be used to identify 
locations on transects that are more likely to 
support shrubs long enough to provide habitat 
features such as stream shade, bank protection, 
etc. Sprouts have a single stem and are 
typically newly emerged seedlings while a 
stem class of Young indicates a plant with 2 to 
10 stems. Mature shrubs are those with more 
than 10 stems and more than half of the stems 
are alive. Decadent shrubs, similar to mature, 
have more than 10 stems, but at least half are 
dead. 

Figure 32. Preferences of stem classes for 
portions of riparian transect heights per river. 

Figure 32 shows where shrubs of different stem classes were found relative to the 
percent height of the transect from the vegetation edge. In general, shrubs in higher stem 
class categories were found in the upper parts of transects. In the Sprague, the single 
transect placed on the newly restored site (sprouting many willows) skews the 
distribution of sprouts to a slightly higher percentage than they would have otherwise 
had. The Sycan had no decadent shrubs, the North Fork had one, and nine were found on 
the Sprague mainstem transects. Young and mature stem classes had very similar ranges 
for the Sprague and Sycan. 

Table 8, with a breakdown of stem classes by genus, shows that while Salix 
numbers are dominated by single-stemmed sprouts, Rosa has nearly equal numbers of 
sprouts and young plants. This is not surprising, since Rosa has rhizomatous growth 
form and therefore grows with a large number of smaller stems emerging from the 
ground, radiating from lateral root growth. Both Ribes and Spirea genus were mostly 
young (2-10 stemmed) plants. The vast majority of mature plants (> 10 stems) were 
willow, as were all of the decadent 
individuals surveyed. 

Height Class 

Table 8. A summary of the number of shrubs 
in each of the four height classes. 

Height 
class Ribes Rosa Salix Spirea 

Since willow sprouts are present throughout 
transect heights, the presence of older and 
typically taller shrubs is key to knowing 
where shrubs are most likely to persist. The 

>lm 
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environmental pressures on shrubs in the basin are typically heaviest at the water's edge. 
Inundation, soil saturation, animal predation, scouring, etc., are all at their maximum 
nearest the channel. In another setting, for example, where drought was a problem, the 
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largest and oldest trees would likely be at the interior edge of the riparian extent rather 
than the outer. Where the largest and oldest are at the higher and drier positions, it 
bespeaks a different set of controlling factors. 

Heights were categorized as 1 = less 
than 1m, 2= I-2m, 3= 2-4m and 4= 4+m tall. 
Like stem class, height class shows a pattern of 
taller shrubs towards the upper percentages of 
the riparian transect height, though a bit less 
pronounced than in the stem class graphs 
(Figure 33). In the Sprague, the majority of 
shrubs are in the upper 40 percent of the 
transect heights, and while Sycan shrubs 
extend farther into the lower end oftransects, 
most of the plants taller than I meter are above 
50 percent of the transect height. 

Transect Height vs Height Class per River 

Table 8 (previous page) shows the 
distribution of height classes for the different 
genuses found in the basin. Of the 1346 shrubs 
surveyed, 1014 (75%) are less than 1 meter 
tall, with most of those identified as Salix 
(n=884). Not surprisingly, Rosa and Spirea are 
concentrated in the shorter height classes. 
Ribes, in a break from its companion shrubs, 
has the greatest number of individuals in the 
1-2 m class. That information, combined 
with the stem class distribution (highest 
number in Young category), suggests that 
Ribes is not reproducing vigorously, or that 
seedlings were simply not observed during 
our survey. It is worth noting that Ribes 
seldom, if ever, occurred on its own. It was 
nearly always growing in very close contact 
with willow, typically sharing the same stem 
space. 

Other Factors for Shrubs 
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Figure 33. Preferences of height classes for 
portions of riparian transect heights per 
river. l=> lm, 2= 1-2m, 3=2-4m and 4=4+m. 

Figure 34. Example of extreme beaver browse 
near Malheur Road in the Council Butte 
segment. 

Shrubs in the basin are a food resource for a wide variety of creatures. Besides 
the damage common with substantial grazing pressure from domestic livestock (e.g. 
browse, breakage, trampling), shrubs experience damage from beaver (Figure 34), 
muskrats, disease and insects. Scouring by high flows is a problem for seedlings on 
exposed and mobile sediment, as is stock planted too near the channel. 
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Beaver predation in the basin was light to moderate in the more densely wooded 
areas, but was very heavy in sections where shrubs are sparse. While a natural and 
beneficial component of stream ecosystems, beaver can cause significant damage. This 
willow (Figure 34) photographed at the county owned property near Malheur Road, was 
the most extreme browsing I have seen during my entire career. Taken in winter, the 
stem structure shows intense browse over several years time, greatly compromising its 
ability to grow large and thrive. Beaver lodges were often built into banks, especially in 
Beatty Gap, and browse was very commonly noted during the shrub survey. 

Muskrats are also active in the 
basin, though they typically eat 
smaller diameter stems than beaver. 
At one site on the Sycan, a gravel bar 
near the edge of the water, at first 
look, appeared dominated by 
herbaceous grasses and forbs. When 
surveyed, however, there were 77 
shrubs within the 6 meter belt of the 
shrub transect (upper photo from 
Figure 6 on page 27). Most shrubs 
were less than knee high, and nearly Figure 35. Willow growth on a Sycan gravel bar. 

all had the chisel shaped cut marks 
typical of rodent browse. Many of the plants were multi-stemmed, indicating that while 
they had been there for some time, they were not able to gain height due to repeated 
rodent browse. By summer's end, willows on the same site had grown to chest high 
(Photo 35) and were again removed by rodents. 

Disease and insects can also impact 
shrubs in the valley. During 2007, willows 
were hit hard by a rust/fungus that caused 
yellowing of the leaves and premature 
defoliation. Geyer willow seemed to be the 
most affected. In S'choholis Canyon, near 
Saddle Mountain, the floodplain was 
covered with nearly leafless willow as early 
as August. Pacific willow in the same 
portion of the canyon, however, showed 
only a few rust spots on their leaves. In 
2008 the same willow stands were vigorous, 
showing no hint of the 2007 outbreak. One Figure 36. Defoliation by caterpillars. 

Sycan landowner commented that the 
fungus seemed to come after a high water year. The landowner also mentioned that the 
same series of events (high flow followed by fungus) that was then followed by an 
outbreak of tent caterpillars (Figure 36), killed a number of well-established, mature 
willows on her property in the early 1980's. 
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Shrubs on the Sprague and Sycan respond to a wide range of influences that vary 
constantly. The strongest and most consistent, drought, water availability, predation, and 
likely gas exchange, determine short term and long term distribution patterns. All factors 
discussed in this section must be considered in restoration projects both for natural 
recovery rates and potential success in revegetation efforts. 
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Section 6: SOIL MOISTURE DATA 

The purpose of soil moisture monitoring was to document moisture recession 
rates (dropping water tables after spring high flow) and to compare them to the capacity 
of willow roots to stay in contact with soil moisture adequate for growth. Literature on 
willows suggests that recession rates greater than 2 cm per day (Mahooney and Rood 
1991) may be problematic for survival of seedlings, exceeding growth rates of roots and 
depriving plants of needed moisture during the summer dry season. 

According to soil moisture measurements at the sites chosen, water is clearly 
available for the first 30 days of the survey (mid-June to mid-July), becoming less so for 
days 30 to 60 and 60 to 90 of the summer, but only limited for the sensors at 20 and 40 
cm deep. Sensors at 70 and 110 cm maintained adequate moisture throughout the 
summer. Measurements were taken with 47 sensors in 2007 and 31 sensors in 2008. 

The equipment used in the study is most often employed in agricultural settings as 
a means to maintain sufficient (but not excessive) moisture through irrigation. According 
to the manufacturer and a research group from Oregon State University (Shock et al. 
2005), centibar readings of soil water tension (SWT) from the soil moisture meter of: 

>80 cb shows dryness; 
20-60 cb is the average reading in fields just prior to irrigation; 
10-20 cb is field capacity in medium textured soils; 
<10 cb indicates soil saturation. 

The key variables for this portion of the study were as follows. 

Soil dryness: a measure of the tension required for a plant to pull water away from 
soil particles. Measurements were averaged for 30-day increments and a 
90-day average for the 90-day summer measurement period. 

Average daily increase in dryness (moisture drop): a measure of the change in 
dryness experienced at a single soil depth, through the summer. Also 
reported in 30 day increments and a 90-day average. Most often closely 
matched soil dryness. 

Centimeters per day recession rate: a measure of the rate of soil moisture drop 
between one sensor in the cluster and the next lower in the profile. Based 
on an arbitrary choice of 20cb, listed as the upper boundary of field capacity 
by the manufacturer. 

Number of Shrubs - a count of the number of shrubs that are within 2 meters of a 
cluster of soil moisture probes. Each cluster has only one associated shrub 
count. 

Assuming that riparian shrubs, like crops, require considerable water (water 
tension less than 60 to 80 cb), then interpretation ofthese results is pretty straight 
forward. Set at four different heights of the soil profile, sensors are reading both drying 
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effects from the surface and wetting effects of the ground water table. Different depths of 
the soil profile respond differently to various environmental factors. The shallowest 
sensors (20 cm) were the first to dry out in 
response to sunlight and withdrawal by 
plant roots. They are also the first to 
respond to precipitation events, given that 
the volume of water is large enough to 
penetrate to this depth. Deeper sensors (40, 
70 and 110 cm), on the other hand, are 
initially sensing shallow ground water 
(probably water connected to the surface 
water level of the channel), though by the 
end of summer, the water table may have 
dropped below even the 70 cm depths. 

The shallowest sensors at 20 cm 
were predictably the most variable over 
time (Figure 37), with the broadest range 
and greater dryness values. These shallow 

Water Table vs 90-day avg Dryness per Depth. 
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Figure 37. 90 day average dryness for each 
sensor as it relates to associated height above 
water table (em) and approximate depth of sensor. 

sensors also dried out the fastest (change in moisture), as discussed in detail later in this 
section. The shallow depth was occasionally rewetted by irrigation effects or 
precipitation. The next depth of 40 cm experienced less drying early during the 
monitoring season, though many sensors at this depth were dry by the end of the season. 
Several clusters did not have lower sensors (at 70 or 110 cm), either because gravel 
prohibited installation or saturation was reached with the 40cm depth. Notice that in 
several of the 70, 110 and even 40cm depths, some of the sensors were placed below the 
level of the water table (0 on Y-axis). At every depth, several, if not many, sensors read 
within the range of saturation (0-10 cb). 

The following series of figures shows 
the relationships between soil moisture, water 
table, soil types and shrub numbers. Values for 
2007 and 2008 for each sensor are combined. 
As shrub and soil surveys occurred only once, 
each sensor has one available number of 
associated shrubs that was used for both 2007 
and 2008 readings as well as a single reading for 
soil texture. Water table heights, however were 
taken for each piezometer several times during 
each monitoring season and have unique values 
for each of2007 and 2008. 

Dominant soil texture changes from 
segment to segment, transect to transect, and 
location relative to the channel. Texture (Fig. 
38), along with depth and proximity to the 
channel and water table, determines the 
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Figure 38. Relationships between 
average dryness (30-60 days) and soil 
textures for both the Sprague and Sycan. 
I ~Sand and coarse loam, 2~moderate 
loam. 3=silt loam. 



available moisture in riparian soils and the vegetation that can colonize and survive in 
anyone micro site. Soil textures and associated dryness values are quite distinct for 
Sprague and Sycan sensors. Sprague sensors are considerably drier, especially in the 
moderate loams (often highest from the water table and channel edge). Sycan sensors 
were much wetter than those in the Sprague, with only three sensors reading higher than 
50cb during the 30-60 day period. 

Figure 39 shows how texture relates to dryness (a) and change in dryness (b) for 
the 30-60 day period of the monitoring duration. The 30-60 day period displayed the 
greatest changes in moisture compared to early summer with lower temperatures and late 
summer when soils have dried considerably already. Like soil samples from the larger 
transect survey, texture types were dominated by loams and loamy sands. For this 
purpose, textures 
associated with each Dryness V$ Soil Texture Change in Dryness vs Soil Tel(ture 

sensor were grouped 
into three available 
categories based on 
general texture: 
1 =Sand and coarse 
loam, 2=Moderate 
loam, 3=Silt loam. 
Sandy and coarse 
loam soils (code 1, 
Figure 39 (a).) were 
typically closer to 
the water table and 
often saturated for 

the greater part of the 
summer season. Average 
daily drops in dryness 
(Figure 39 b.) shows that 
not only are the sands and 
coarse loams the moistest, 
they dry out very little. 
Moderate loams dried out 
the most. 

The most telling 
graphs for this portion of 
the study, however are 
those in Figure 40. Mid
summer (30-60 day) 

c • I 
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Figure 39. A summary of both averaged soil dryness and change in soil 
dryness relative to soil textures during the 30·60 day period. Texture 
I ~Sand and coarse loam, 2~moderate loam, 3~silt loam. 

Dryness al40cm V5 Shrubs wrlll 2m 

a . 
.. / Sycan 

·1 
' 00 

Change in Dryness at40em vs Shrubs wlin 2m 

. "~----------------' 
b. , : 

; Sycan . . 
'" '" : 

, , 
! I . ,. 
: , 
! ! 

o ... I" 

Figure 40. Number of shrubs relative to dryness (a) and average daily 
change in dryness (b) for sensors at 40 cm during days 30·60. Black 
circles represent Sprague sensors with red triangles for the Sycan. 

average dryness and change in dryness values at 40 em depth are compared to shrubs 
counts for each cluster. Higher Sycan shrubs counts are clearly associated with higher 
water availability (no more than 30 cb soil water tension) where Sprague sensors are 
clearly drier, with higher shrub counts associated with greater dryness. At the 40 em 
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depth, however, only two sensors were over 80 cb, representing definite dryness 
according to manufactures guidelines. 

Mahoney and Rood (1991) found that declining water levels in a greenhouse 
setting greatly affected seedling survival, root growth and biomass in cottonwood 
seedlings. While cottonwood and willow have distinctly different requirements for soil 
aeration, they share enough similarities in water needs to be useful here. In their 
greenhouse experiment, authors found that declines of 0, I, or 2 cm per day resulted in 
greater than 90 percent survi val, while declines of 4 and 8 cm per day had 40 and 25 
percent survival, respectively. Maximum root growth, again in cottonwoods, was gained 
in water table declines of 0 or 1 cm per day. In a similar study, Amlin and Rood (2002) 
found that in controlled laboratory environments, cottonwood seedlings perfo=ed best at 
approximately 2.5 cm per day declines and 1 cm per day for willow seedlings. 

With sensors at different depths clustered closely together, it was possible to 
dete=ine how quickly water was 
receding during spring and 
summer. An arbitrary value of 
20cb was chosen for a reference 
point, as manufacturers and 

Table 9. Soil moisture recession rates for the driest clusters. 

OSU researchers state 10-20 is 
field capacity in irrigation 
settings, typically the moisture 
most preferred by willows (not 
saturated, not dry). Sensors 
with the greatest increases in 
dryness per day are shown in 
Table 9 with their associated 
days when field capacity was 
reached and the number of days 
to reach the next sensor down 
the soil profile. The vertical 
distance between sensors was 
divided by the number of days 
to get the recession rate. In the 
clusters with the greatest daily 
drops in moisture, recession rate 
never exceeded 2.5 cm per day 
on either Sprague or Sycan sites. 
S' choholis Canyon clusters 
experienced the deepest and 
most rapid rate of drying out, 
and also had the highest number 
of shrubs for Sprague sites. 
Highest counts of Sycan shrubs 
were associated with clusters 
that had a steep drying of the 
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Caoyon 

Kamkaun 
Springs 
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Cluster 
Upper 
2007 

Lower 
2007 

Upper 
2007 
Upper 
2008 
Lower 
2007 
West 
2007 

East H 
2007 

EastH 
2008 

East L 
2007 

East L 
2008 

Upper 
2007 

Depth 
(em) 

20 
40 
70 

20 
40 
70 
20 
40 
20 
40 
20 
40 
20 
40 
70 
20 
40 
70 
20 
40 
70 
20 
40 
70 
20 
40 
70 
20 
40 

Date of Cm/ 
Fld. Cap. Days day 
13-Juo-07 
2-Jul-07 19 l.l 

2-Aua -07 31 1.0 
26-Juo-07 
6-Jul-07 10 2.0 

above Fe 
14-Jul-07 
above Fe -- --
31-Jul-08 
above Fe -- --
5-Jul-07 

above Fe -- --
14-Juo-07 
23-Juo-07 9 2.2 
10-Jul-07 17 1.8 
13-Juo-07 
23-Juo-07 10 2.0 
17-Jul-07 24 1.3 
5-Jul-08 
13-Jul-08 8 2.5 

13-Aug-08 31 1.0 
16-Juo-07 
30-Juo-07 14 1.4 
above Fe 
23-Juo-08 
6-Jul-08 13 1.5 

7-Aug-08 31 1.0 
20-Juo-07 
6-Jul-07 48 0.4 



shallowest depth (20cm), but greater than field capacity water availability remaining at 
40cm. These results indicate that soil drying is not a limiting factor in shrub survival, and 
they suggest that soils in some sites may be too wet to support shrubs. 

It is important to note that while moisture recession may not be a problem, timing 
of surface moisture and shrub seedling fly may well be a problem. For instance, the East 
H and West sites in 2007 were already at field capacity at 20 cm depth, during the second 
week of June. Willow seeds fly at different times in various segments, and with surface 
soils dry that early, seeds would likely not germinate at all. A greater discussion of 
interacting factors controlling shrub recruitment, establishment and persistence will 
follow in the next section. Stella et al. (2006) stress the importance of the timing of seed 
fly and flood water recession in snow melt systems, stating that synchrony between the 
two events is crucial for successful germination. 

Preferred rates of decline in soil moisture reported by both Mahoney and Rood 
(1991) and Amlin and Rood (2002) are not consistent with field data from this effort 
where the highest densities of shrubs on the Sprague are associated with the highest daily 
declines in soil moisture. Data from the Sycan, however, do seem to support conclusions 
from the authors. The most limiting factor on the Sprague may not be the lack of water 
but rather the length of inundation experienced by shrub plants at different elevations, or 
associated lack of gas exchange. Scarcity of seedling sites and freedom from competition 
are also likely problems, such as that documented by Bhattacharjee et al. (2008) in a 
Northern California stream. The authors in that work found that the rate of soil moisture 
decline was most important in sandy soils (like the Sycan), though surrounding 
vegetation height had the greatest influence over seedlings in loamy soils. 

Section 7: SYNTHESIS - SPRAGUE AND SYCAN COMPARISONS 

Abiotic factors controlling vegetation in the Sprague and the lower Sycan are 
different in many regards. Sediment is finer and more cohesive on the Sprague; and 
coarser and more mobile on the Sycan. The mainstem of the Sprague has a consistently 
low channel gradient in both wide and narrow valleys. Beatty Gap and S' choholis 
Canyon for example, are roughly the same gradient as the wider valleys. Chiloquin 
Canyon is the exception and has a higher gradient. 

The Sprague mainstem experiences conditions more akin to wetlands rather than 
rivers, with shrubs thriving only when they can get to higher and drier positions. The 
characterization of the mid and upper mainstem as more wetland-like is supported in part 
by the I) lack of lateral movement of the stream channel, 2) characteristically wetland 
plants on channel margins, and the 3) current and historically enduring trend of 
domination by herbaceous vegetation ofthe near channel and wide valley segments. 

This project has been an effort to document a wide array of influences on 
vegetation, as they occur in the Sprague Basin. Comments will be restricted primarily to 
the Sprague and Sycan Rivers, as ground work on the North Fork was too limited in 
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extent to do much more than lead to a very general statement that the narrower canyon 
section where transects were placed seems to function in a manner similar to the Sycan. 
Shrubs 

The distribution of shrubs on the Sycan is 
typical of moderate gradient, arid and semi-
arid Western streams (where individuals are 

closer to the channel). Sediment texture is fairly 
coarse, topographic relief of near-stream surfaces 
is moderate, and vegetation is closely associated 
with water availability in summer. Inner portions 

Table 10. Total of points with shrubs and 
number of shrubs for the Sprague and Sycan. 

River All # of Avg shrubs 
Points Shrubs per point 

Sprague 1164 474 0.41 
Sycan 318 554 1.74 

of the bankfull channel have exposed soils at low flow, as there is active transport and 
deposition of sand and fine gravels, scouring roots and burying crowns. Where non
woody plants can get established they will thrive, and will occupy sites that shrubs would 
otherwise colonize. 

Predators offer a unique challenge to 
recovery of shrubs populations in the Sycan. At 
present, with populations low, rodents (muskrat 
and beaver) will make use of shrub biomass that 
is available, regardless of how much is left when 
they are done. As shrub numbers increase, 
browse will be more dispersed and less likely 
focused on one plant or thicket. Over time and 
with favorable germination years, critical mass 
will be achieved. History shows that the Sycan is 
well able to maintain a robust shrub component 
and despite past and sometimes current land 
management that discourages shrubs, the 
fundamental characteristics of the basin remain. 

Shrubs are much less frequent in the 
Sprague than in the Sycan (Table 10). Of all the 
points surveyed, only 15.5 percent were occupied 
by one or more shrubs. In the Sycan, 28 percent 
of points surveyed were occupied by shrubs. 
With an average of less than half a shrub (0.41) 
per transect point in the Sprague and nearly two 
shrubs per transect point in the Sycan, shrubs are 
more than 4 times more prevalent in the Sycan 
transects than in Sprague transects. 

Distribution of shrubs on the Sprague 
(Figure 41 a.) displays the same spatial pattern 
for transects in both wide valley and narrow 

j 
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Figure 41. Histograms of percent heights 
over the vegetation edge for all shrubs on 
the Sprague (a) and Sycan (b) Rivers. 

canyon segments. Figure 41 a. shows that Sprague shrubs clearly prefer the higher 
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portions of transects, regardless of their absolute height. Sycan shrubs (Figure 41 b.) are 
found at most any position on the transects. 

Figure 42 sumarizes the 
distribution of shrub concentrations 
relative to the height above the 
vegetation edge for both the Sprague 
and the Sycan. Inset graphs show 
histograms of heights for all points, 
with and without shrubs. The 1.0 
meter elevation in all four graphs is 
highlighted as a reference point. 
Distributions of heights shown in the 
histograms are remarkably similar 
despite the fewer points for the 
Sycan and fewer histogram breaks. 
Both histograms peak close to 1.0 m 
and are slightly skewed with a long 
tail to the right of the mode. 
Scatterplots of shrub concentrations 
relative to heights above the 
vegetation edge illustrate the 
diversity of processes operating 
between rivers. While the X-axes 
are the same on shrub scatterplots, 
Y -axes are quite different, reflecting 
the greater concentrations of shrubs 
encountered on the Sycan. The 
dashed circle contains points with 
high concentrations of shrubs that 
are associated with a restoration 
project in the Kamkaun Springs 
segment. While shrubs on the 
transect were not planted, restoration 
activities provided favorable habitat 
(open soil LOrn high with good 
access to water) concurrent with 
unusual timing of flow, and 
thousands of seedling willow of 
several species germinated. 
Considering the plot without the 
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Figure 42. A composite graph showing shrub concentrations 
relative to the height of points over the vegetation edge. 
Subset histograms for each the Sprague and Sycan show the 
distribution of heights for all points. A red line at 1.0 m 
elevation is shown on both scatterplots and histograms for 
reference. Note V-axes scales. 

points from the restoration project, the highest concentrations of shrubs on the Sprague 
occur between 1.25 and 1.75m above the vegetation edge--heights that are simply not 
available in great quantity for the wider segments of the basin. On the Sycan, however, 
the highest concentrations are centered on 0.5 to 0.75m above the vegetation edge with 
high concentrations found at as much as 2.5m above the vegetation edge. 
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Controlling Factors 

Successful shrub germination and establishment (especially willow) on the Sprague is a 
blend of opportunity and restraints. Lack of soil moisture prevents seed germination high 
on banks and excessive moisture in lower bank positions prevents establishment either 
through drowning of seedlings or lack of micro sites due to vigorous ground cover. The 
combination of these two strongly controlling variables in the Sprague leaves only a 
small window of 
'elevation range' where 
seeds can be deposited 
and have some hope of 
survival. This optimum 
elevation varies 
somewhat segment to 
segment, but is clearly 
visible in general 
vegetation patterns. 
Sagebrush, common in 
most portions of the 
basin to a lesser or 
greater extent on the 
floodplain, provides the 
upper boundary of the 
preferred zone. Denser 
herbaceous vegetation 
from both hydric and 
upper higher elelvations 
of mesic water zones 
defines the lower limit 
ofthe preferred height 
above the vegetation 
edge. A collection of 
photos from various 
portions of the basin 
illustrates the point 
(Figure 43). In all 
photos, notice the spatial 
relationship between the 
sage boundary, willow 

Figure 43. Photos from S'choholis Canyon (upper left, center right, 
bottom) and Buttes ofthe Gods (center left and upper right) showing 
positions of willows relative to herbaceous vegetation and sage. 

occupation, and dense herbaceous cover. 
Shrub recruitment, willow in these cases, is occurring just downhill from the 

sagebrush boundary and above mesic vegetation, and in the lower photo, outside the 
preferred habitat of reed canary grass. The potential for shrub recruitment in the Sprague 
depends on the proportion of riparian area that falls within this zone of greatest shrub 
potential. Floodplain topography is quite diverse in S'chololis Canyon Segment, as 
backwaters, secondary channels and abandoned channels offer narrow, but frequent, 
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opportunities for shrubs. Considerable willow growth is seen above and within the 
sagebrush community, but only rare combinations of events will place seeds that high on 
the bank with enough clear ground and moisture for establishment. 

The following two photos further illustrate the concept, showing cases where the 
riparian extent accentuates higher and lower portions of the vegetation gradient, offering 
very different potentials for shrub recruitment. The first photograph (Figure 44), a view 
of the Sprague River Valley, just above the town of Sprague River, has an extended 
herbaceous bordered on the far outside' In this 

Figure 44. The lower Council Butte segment with extended herbaceous vegetation zone and distant 
sage boundary (yellow dashed line). 

while shrubs may germinate at the 
transition between the two 
communities, low topographic relief 
offers little refuge from higher than 
normal floods. 

The second photograph (Figure 
45), taken in the Kamkaun Springs 
segment, demonstrates how 
'stretching' the above-saturation and 
below-sagebrush height range can 
express ideal, long term habitat for 
willow communities. This reach had 
one of the very few stands oftree form 
willows, and while grazed more 
heavily than some areas, still offers 
great potential for woody expansion. 
Note that herbaceous cover on this 
portion ofthe floodplain is not made 
up of emergent or obligate riparian 
species, but by still-green upland 
grasses and facultative wetland herbs 
typically found in the xeric and upper 
mesic water zones. In this case, hydric 
habitat is on the channel margin some 

Sagebrush 
on hillslope 

Figure 45. Kamkaun Springs vegetation example. 
Note mesic herbaceous in foreground and sage on far 
hillslope. This segment has large tree-form willows. 
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distance behind the photographer. The sage community boundary can be seen on the 
hiIlslope in the background, just above the level of the floodplain. 

Geomorphology and Soils 

For the Sprague mainstem, valley width seems to be the dominant control of 
floodplain vegetation, with moderate and narrow valleys having greater bank heights and 
better drained soils. The higher the floodplain surface, the higher the potential for woody 
vegetation, both in tree and shrub components. Loams were the most common soil 
textures recorded, followed by silts, some sands and few clays. While coarser sediments 
could help with saturation stress, they were nearly all found at the lowest heights of 
transects and typically occupied by obligate riparian species. 

In the Sycan, however, shrubs grow readily on exposed portions of bankfull 
channel and occupy bars very near the inner vegetation edge. Threats are predominantly 
river scour, predators and grazing pressure. The primary differences between the rivers, 
in terms of soils and geomorphology are two-fold. First, soil textures in the Sycan are 
considerably coarser, being dominated by sands and coarse loams with gravels commonly 
occurring in near-channel and deep profile layers. Second, the Sycan Valley has much 
more gradient, both in the longitudinal profile and valley cross-section. Though not 
directly studied in this effort, shallow groundwater seems to flow readily and laterally 
through riparian soils, both from higher portions of the riparian area and water sources on 
the floodplain, assisting in supplying both moisture and oxygen to shrub roots. Soil 
moisture measurements through two summers validate this hypothesis, as saturated 
surface sensors in Sprague soils had very few associated shrubs while saturated sensors in 
the Sycan had many. 

Section 8: RECOMMENDATIONS FOR RESTORATION 

The key to successful restoration or management of any riparian system is an 
understanding of the fundamental influences and limits dictating the character and extent 
of dominant vegetation. Environmental stresses such as water availability, flooding, and 
scouring are determined through and moderated by interrelated geomorphic and 
hydrologic factors. Vegetation is expressed though the filters of these factors, changing 
constantly from segment to segment, transect to transect, and meter to meter. Lesser, but 
also important, are biotic influences that can decrease or increase the capacity of 
vegetation to maintain, expand, and resist the forces of water and sediment. Biotic 
influences are both human and naturally induced, including grazing, mowing, outright 
removal, browse by wildlife, disease, insects, introduced species, etc. Fluctuations in 
environmental stresses often coincide with fluxes in biotic influences, compounding and 
confounding effects on vegetation. This section makes recommendations of restoration 
approaches in light of these varying factors, and discusses potential for natural recovery. 

Herbaceous Recovery 

Herbaceous vegetation is and has been dominant in most segments of the Sprague 
basin since at least the 1940' s. The current era of land management (post 1968) has 
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allowed the recovery of herbaceous stocks and is having considerable results in tenns of 
reduced bare ground. Since 1968, vegetation cover has increased and more recent 
changes in land management (post 2001) have accelerated these changes. Wide valleys 
of the Sprague mainstem function like a linear wetlands, greatly favoring herbaceous 
vegetation with limited patches of woody vegetation in high spots and floodplain 
margins. Wetland habitat processes are ruled by depth of water and length of inundation. 
Topographic diversity, often lost with development for agriculture, is the key to 
vegetative variety in the wide valleys. In these wide, low bank areas, efforts to establish 
woody vegetation for stream habitat are ultimately likely to fail, while herbaceous 
vegetation thrives. 

In moderate-width valleys, herbaceous vegetation is still dominant, though woody 
vegetation is more prevalent. Well-established shrubs and trees are on the higher 
positions of riparian areas, leaving lower portions to non-woody species. Only in the 
narrow canyon segments does 
dominance shift away from herbaceous SycanShrubRecowry Pot~ntiai 

plant cover, and even then, not entirely. 

Shrub Recovery Potential 

The potential for natural shrub 
recruitment is based on the interactions 
between geomorphology (bank heights 
via valley widths), hydrology (water 
zone), percent cover and probability of 
seeds accessing the site. Figure 46 
summarizes the potential recruitment of 
Sprague and Sycan shrubs (primarily 
willows) relative to the height above the 
inner vegetation edge and the percent of 
the transect (distance between the inner 
vegetation edge and the transition to 
upland species - typically sagebrush). 
Estimates are based on average positions 
of hydric, mesic and xeric water zones, 
ground cover for each, and distribution 
of shrubs surveyed. Estimates for the 
Sycan factor in proximity to the channel 
as a hazard for both scouring and 
predation. 

As an example, for a restoration 
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Figure 46. Estimated potential for natural shrub 
recovery on the Sycan (top) and Sprague (bottom) 
based on Ht over VE, percent transect lengths and 
water zone. The smallest blocks represent the 
Hydric zones, medium blocks the Mesic zones and 
largest blocks the Xeric zones. 

project on the Sprague, only portions of the transect that were greater than 1.2 meters 
above the inner vegetation edge and greater than 70 percent of the transect length would 
be likely to have potential for recruiting shrubs, and even then, only at a moderate level. 
On the Sycan, portions of the bank between 0.5 and 1.0 meters above the inner vegetation 

49 



edge would have very high potential for recruiting shrub seedlings. Portions above 1.0 m 
would still have high potential, but would be limited somewhat by the frequency of 
floods at the right time for germination. Movements of sediment interfere with seedling 
success below 0.5 m. 

Riparian Planting 

For restoration of woody species, it is important to observe vegetation patterns 
existing now and use those observations to guide choices oflocation, species and manner 
of planting for each individual site. General recommendations are as follows: 

Mimic existing placement 
Sprague - Avoid planting woody species on the wide floodplain reaches unless 

you can mimic the placement (elevation and substrate) of species that are already on or 
near the site and growing well (at least 10 stems and 2 meters tall). Sage brush stands, 
found in nearly all adjacent uplands, are a great marker of preferred willow habitat. 
Plantings just inside the sage brush boundary should have adequate drainage and do well, 
provided moisture is available for stock. In sites where banks are less than I meter above 
the inner vegetation edge, focus restoration efforts on herbaceous vegetation. Planted 
stock may survive the first summer better, when planted nearer the water table, but may 
not make it past the first flood season. 

Sycan - Woody vegetation is actively recolonizing sites in the Sycan, where it is 
being allowed to do so through grazing management. Stock planted at further distances 
from the inner vegetation edge will have better protection against beaver and muskrat. 
Planting in the Sycan can occur higher on the banks in those areas with lateral sources of 
moisture coming from springs or irrigation return flow. If these areas are dominated by 
obligate riparian species (all sedges and rushes usually found by the charmel), they may 
actually be more wet than most riparian shrubs prefer. 

No trees 
There were no trees historically (1940 ' s) on the open floodplain between Beatty 

Gap and S'hoholis Canyon, and only a very small patch in Kamkaun Springs reach. 
According to an Oregon State University botanist, there were no trees on the Beatty Flat 
(near the town of Beatty) in 1922. Aspens are adapted to well-drained soils and do not do 
well with high levels of flooding and/or disturbance. Aspen sprouts were only seen 
adjacent to established trees which are typically situated far from the channel. Salix, 
Ribes, and rose species are most common on the wide floodplains, of which there are 
many locally occurring species to choose from. 

Pole planting 
Sprague - Planting substantial poles of willow offers a promising technique for 

augmenting woody vegetation in the Sprague in those areas above I m bank height. Pole 
planting (using dormant stems cut from local stock) circumvents several limiting factors 
by providing: access to summer water, access to unsaturated soils, greatly reduced risk of 
plants washing out during high flow, and immediate height above competing vegetation. 
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Poles should be at least 7-10 cm diameter and 2 to 2.5 meters long and should be 
planted with one-half to two-thirds of the pole length underground--well within the 
summer ground water surface. Poles should be planted ' leaning' downstream, so that 
flood debris can raft up and over, rather than snapping poles off at the ground. Beaver 
predation is a constant threat, and while some technical solutions are available for 
protection of stock, high density and cluster planting can provide some defense. 

All planting should be done only with dormant stock collected locally. For the 
best results in droughty and saturated soils, both occurring on the Sprague, dormant poles 
should be harvested and then soaked for 10-14 days prior to planting. Soaking has been 
shown to increase overall biomass production and survival and additional rooting 
hormones are not needed. While it is tempting to use cottonwood for pole plantings on 
the Sprague, environmental variables will make survival unlikely, at best. 

Sycan - Pole planting offers promise for the Sycan, as well, especially in higher 
bank positions that are infrequently flooded, though woody recovery is occurring 
naturally. 

Grazing 
Sprague - Ground cover and band density was only slightly impacted by light to 

moderate grazing on Sprague sites. Pressure higher than moderate had negative impacts. 
Very carefully controlled grazing, however, has promise for keeping well-established 
reed canary grass stands somewhat in check, but only in areas where it can be used 
without causing further damage to native species. 

Sycan - With larger sediment and greater fluvial forces, grazing is more 
detrimental in the Sycan than on the Sprague. Dormant season grazing, however, (listed 
as 'no evidence' on transect survey) maintained ground cover very well. Even light to 
moderate use showed considerable impacts on ground cover in the Sycan when compared 
to the Sprague. 

Reed canary grass 
For herbaceous communities, the biggest challenge seems to be avoiding 

domination by reed canary grass. Where possible, in newly fenced areas, reed canary 
grass stands should be actively controlled, at least until more desirable species can gain 
control of the site. Reed canary grass will quickly colonize open soils and make 
community domination more likely. In riparian zones where spot control is not feasible, 
consider a means of harvesting reed canary grass (i.e. mowing or stringently controlled 
grazing) to reduce its vigor while carefully avoiding compromising desirable cover. In 
time, predators and diseases for reed canary grass will emerge, allowing native species a 
better chance at reclaiming occupied sites. Until such a time, however, maintenance of as 
many native species as possible on any given site is prudent. 

Reed canary grass undoubtedly interferes with riparian shrub colonization. Lower 
elevations of reed canary grass are not ideal for shrub persistence through time, though 
higher elevation patches (greater than 1.0m) of reed canary may be replaceable with 
riparian shrubs with pole planting and careful after-planting maintenance. 
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Two experimental plantings would help answer some of these questions. One 
would be to install artificial 'higher ground' on which to plant willows in the wider 
Sprague basin sites, or to augment soil around planting holes with coarser sediments. 
Successful plantings may provide helpful ideas for increasing willow cover on wide 
valley sections, and possible potential cover for obsolete levees. 

A second worthwhile experiment would be to install a series of willow pole 
plantings along a transect (or grid) invaded with reed canary grass and monitor planting 
success. With the information contained in this work, it is difficult to determine if reed 
canary grass is outcompeting shrub seedlings or if they would grow even in the absence 
of reed canary grass. 

Section 9: CONCLUSIONS 

A number of characteristics were examined to determine which influenced 
vegetation types. Several factors co-varied to an extent that many were unnecessary. 
Ground cover, for example, co-varied with the moisture availability zone and distance 
above the channel. Soil texture did not seem to impact shrub recruitment independently 
from the effects of water availability and ground cover. The range of soil textures was 
narrow, especially in the Sycan, and possibly, with a survey more refined that this one, it 
may be possible to predict shrub distribution on that basis. 

As any good research project does, this study reveals more questions to be 
answered. Additional transects, especially in Beatty Gap and above, would help guide 
restoration in those areas, and determine if processes in those smaller channels followed 
the more wetland-like patterns of the lower Sprague, or the more fluvial patterns of the 
Sycan. Soil moisture measurements were very helpful in determining whether lack of 
water or dropping water were limiting shrub recruitment, but lead to the question of gas 
exchange in saturated sites. What are the controlling factors in sites saturated at near 
surface layers? Saturation doesn't seem to limit shrub growth in the Sycan, but does in 
the Sprague. 

Further research into the timing of willow seed fly and spring temperatures, 
compared with stream flows would greatly benefit estimates of rates of recovery for 
woody vegetation. Knowing whether favorable seedling germination events occur every 
other year or every 10 years could change priorities for active vs. passive restoration 
approaches. 

Extrapolating water zones to the larger floodplain surface (possible with the 
LiDAR data) could reveal the areas most likely to support shrubs, least likely to support 
shrubs, and those areas that could with a little bit of intervention. Also, this type of 
geospatial analysis could illustrate the areas most at risk of further invasion of reed 
canary grass. 
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