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ABSTRACT
The Role of Beaver in Shaping Stream Channel Complexity and
Thermal Heterogeneity in a Central Oregon Stream

by

Florence Consolati Machen, Master of Science
Utah State University, 2016

Major Professor: Dr. Joseph M. Wheaton
Department: Watershed Sciences

North American beaver (Castor canadensis) alter stream channel morphology,
hydrologic processes, and instream temperature regimes, yet there are few data driven studies that
investigate the effect of beaver on stream channel complexity and stream temperature regimes
across multiple spatial and temporal scales. The use of beaver as a restoration tool is a method at
the forefront of watershed restoration, however little is known about the implications of this
restoration technique, particularly with regard to its ability to alter stream channel complexity and
stream temperature. This thesis addresses two knowledge gaps with the following objectives: to
quantify the role of natural and artificial beaver dams in shaping i) the instream channel
complexity and ii) the thermal heterogeneity in a central Oregon stream during summer months.
To address objective i we used high resolution topographic imagery of the stream channel
to classify in channel geomorphic units within four paired treatment and control reaches in Bridge
Creek. Geomorphic units were analyzed at the treatment and control reach scale. Treatment
reaches received the installation of beaver dam support structures, which are designed to either
support existing natural beaver dams, or to mimic natural beaver dams, while control reaches lack
this restoration treatment, but partially contain natural beaver activity. This study quantified
stream channel complexity in terms of: number and diversity of geomorphic units, area and
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volume of geomorphic units, and spacing of geomorphic units. I demonstrated that reaches under
the influence of natural beaver dams or artificial beaver dam structures showed overall increased
channel complexity. These reaches showed a greater diversity and number of geomorphic types
and larger average area of pools, demonstrating that stream channel complexity was increased in
reaches influenced by natural and artificial beaver dams.
To address objective ii we used stream temperature data from 140 temperature loggers
deployed in three pairs of beaver influenced and control reaches varying from 90 to 240 meters in
length to analyze stream temperature at spatial, temporal, and spatiotemporal scales. The spatial
scale results suggest that at all three site pairings, the heterogeneity of stream temperatures is
increased in the beaver influenced reaches on the upswing of the diel cycle (at 12:00 PM). At the
temporal scale, the data show that stream temperatures are either dampened or slightly lagged in
beaver influenced reaches in comparison with the control reaches. At the spatiotemporal scale, no
clear pattern in stream temperature heterogeneity emerged in all three site pairings; however the
distributions of the stream temperature datasets in beaver influenced reaches differed in
comparison to the control reach datasets. A clear pattern of cool water upwelling downstream of
two beaver dams in the Lower Owens beaver influenced site was visible in the field and within
the dataset at all times throughout the deployment period, though this upwelling was not visible in
the other two beaver influenced reaches. The results of this study indicate that stream sections
containing natural and artificial beaver dam complexes may provide critical rearing habitat for
ESA-listed steelhead trout (Oncorhynchus mykiss) during warm summer months within this
semiarid watershed when stream temperatures often exceed lethal limits.
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PUBLIC ABSTRACT

The Role of Beaver in Shaping Stream Channel Complexity and
Thermal Heterogeneity in a Central Oregon Stream

by

Florence Consolati Machen, Master of Science
Utah State University, 2016

Major Professor: Dr. Joseph M. Wheaton
Department: Watershed Sciences

The Bonneville Power Administration (BPA) Fish and Wildlife Program (FWP) mitigates
negative impacts from hydroelectric dams in the Columbia River basin for ESA-listed salmon,
steelhead, and other species of special concern inhabiting the basin. Considerable economic
resources have been invested in mitigation, and therefore questions have arisen about which
monitoring strategies and restoration practices are best for these salmon and steelhead (salmonid)
populations and their habitat. In response to these questions, the Integrated Status and
Effectiveness Monitoring Program (ISEMP) was created in 2003, which is developing methods to
accurately assess both changes in salmonid habitat and salmonid populations within the Columbia
River basin. As part of ISEMP, the Bridge Creek Intensively Monitored Watershed (IMW)
Project is a long-term study to restore stream and riparian habitat along the incised and degraded
lower 32 km of Bridge Creek, a tributary to the John Day River in central Oregon, and to measure
the physical and biological changes that occur as a result of the restoration. The simple and costeffective restoration treatment being employed in the Bridge Creek IMW project involves the
installation of Beaver Dam Support (BDS) structures, which are designed to either support
existing natural beaver dams, or to mimic natural beaver dams. The overarching restoration goal
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is to measurably increase the number of wild steelhead trout (Oncorhynchus mykiss) that use this
system. The use of beaver as a restoration tool is a method at the forefront of watershed
restoration; however little is known about the implications of this restoration technique,
particularly with regard to its ability to alter stream channel complexity and instream temperature
regimes. This thesis addresses two knowledge gaps with the objectives: to quantify the role of
natural and artificial beaver dams in shaping i) the instream channel complexity and ii) the
thermal heterogeneity in a central Oregon stream during summer months.
To address objective i we used high resolution topographic imagery of the stream channel
to classify in channel geomorphic units within four paired treatment and control reaches within a
central Oregon stream. Geomorphic units (GUs) were analyzed at the treatment and control reach
scale. This study quantifies stream channel complexity in terms of: number and diversity of
geomorphic units, area and volume of geomorphic units, and spacing of geomorphic units.
Statistical testing showed that reaches under the influence of natural beaver dams or artificial
beaver dam structures demonstrated overall increased channel complexity. These reaches showed
a greater diversity and number of geomorphic types and larger average area of pools,
demonstrating that beaver dams increase stream channel complexity.
To address objective ii we used stream temperature data from 140 temperature loggers
deployed in three pairs of beaver influenced and control reaches varying from 90 to 240 meters in
length to analyze stream temperature at spatial, temporal, and spatiotemporal scales. The spatial
scale results suggest that at all three site pairings, the heterogeneity of stream temperatures is
increased in the beaver influenced reaches at 12:00 PM. At the temporal scale, the data show that
stream temperatures are either dampened or slightly lagged in beaver influenced reaches in
comparison with the control reaches. At the spatiotemporal scale, no clear pattern in stream
temperature heterogeneity emerged in all three site pairings; however the distributions of the
stream temperature datasets in beaver influenced reaches differed in comparison to the control
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reach datasets. A clear pattern of cool water upwelling downstream of two beaver dams in the
Lower Owens beaver influenced site was visible in the field and within the dataset at all times
throughout the deployment period, though this upwelling was not visible in the other two beaver
influenced reaches. The results of this study indicate that stream sections containing natural and
artificial beaver dam complexes provide critical rearing habitat for ESA-listed steelhead trout
(Oncorhynchus mykiss) during warm summer months within this semiarid watershed when
stream temperatures often exceed lethal limits.
(122 pages)
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CHAPTER 1
INTRODUCTION
Salmonid populations in the Columbia River basin have experienced significant declines
over the last century prompting extensive restoration and monitoring efforts (Jordan, 2003). With
particular regard to river restoration, despite rapid increases in funding and activity throughout
the United States over the last 30 years, there has been little evaluation of river restoration
outcomes (Bernhardt et al., 2005). Novel restoration techniques need to be explored, and the most
successful methods documented such that the limited funding designated for restoration may be
better spent (Wohl et al., 2005). An ideal ecologically successful restoration creates hydrologic,
geomorphologic, and ecologic conditions that allow the targeted river to be self-sustainable in its
new context (Palmer et al., 2005). Additionally, while over $1 billion US dollars is spent on
restoration in the US annually, less than 10% of these projects receive any sort of monitoring or
evaluation (Bernhardt et al., 2005).
Given that watershed restoration is a relatively young practice (~35 years), it is not
surprising that guiding scientific theory is underdeveloped or that restoration activities often
precede field verification of methods (Palmer, 2009). Therefore new methods in watershed
restoration are continually being developed and tested. One such novel method is the use of beaver
(Castor canadensis) as a restoration tool (Pollock et al., 2011), a method at the forefront of
watershed restoration that has enormous implications in that it is a very affordable restoration
technique, with potentially colossal returns for this limited investment (DeVries et al., 2012).
However, very little is known about the implications of this restoration technique, particularly with
regard to its ability to alter the instream geomorphology and thermal regime. While the impacts of
beaver on stream morphology in natural systems have been explored in a relatively qualitative
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manner for some time, our quantitative understanding of (a) artificial beaver dams and (b) natural
beaver dams remains largely unexplored.
Overall, there have been a number of review papers highlighting the knowledge gaps in
the literature with regards to the effects of beaver dams. In a study reviewing the
hydrogeomorphic effects of beaver dam-building activity, Gurnell (1998) found that the
geomorphic consequences of beaver dams have not been widely considered in the literature, and
further information is needed to elucidate under which conditions beaver dams may cause various
types of geomorphic change (for example, aggradation and incision). Similarly, few studies
quantitatively assess the effects of beaver dams on stream temperature. In response to these
knowledge gaps, this study is designed to evaluate the effect of natural beaver dams and artificial
beaver dam structures on instream thermal and habitat heterogeneity. Specifically, the project will
quantitatively assess how beaver dams influence habitat heterogeneity by comparing topographic
data in stream reaches receiving artificial beaver dam restoration treatments with reaches
receiving no restoration treatment (control). Additionally, the effect of beaver dams on thermal
refugia will be assessed by comparing differences in thermal heterogeneity in areas containing
beaver dams and restoration structures with areas that do not contain any beaver activity.

Beaver Background
Beaver are ecosystem engineers by the modification of their physical environment to
increase habitat quality and availability. Through dam building and feeding activities, beaver act
as a keystone species to alter hydrology, channel geomorphology, biogeochemical pathways, and
community productivity (Naiman et al., 1986). This activity has been proposed as an important
mechanism for maintaining high species richness at the landscape scale by increasing habitat
(Butler, 1989). Activities of beaver include building burrows and lodges to enhance their survival
(predator avoidance, shelter, thermoregulation), digging canals to extend feeding areas,
assembling food caches to provide a winter food supply and erecting dams to improve their
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habitat by raising water levels (Zurowski, 1992). Beavers play a key role in ecosystem processes
because their harvesting activity has a considerable impact on the course of succession, species
composition and structure of plant communities (Huntly, 1995).
The historic beaver population in North America was estimated to be approximately 55 million
individuals (Pollock et al., 2003), but due to habitat loss and exploitation, the population has
declined dramatically and is currently estimated to be approximately 10 million individuals
(Naiman et al., 1988). Beaver dams historically created streams with slow, deep water and
floodplain wetlands dominated by emergent vegetation and shrubs, which create and maintain
habitat and species diversity. In the recent literature, there has been widespread recognition that
beaver dams play a vital role in maintaining and diversifying stream and riparian habitat (Collen
and Gibson, 2001; Gurnell, 1998; Naiman et al., 1988).
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CHAPTER 2
THE ROLE OF BEAVER IN SHAPING CHANNEL COMPLEXITY IN A
CENTRAL OREGON STREAM
ABSTRACT

The use of beaver (Castor canadensis) as a restoration tool is a method at the forefront of
watershed restoration, however very little is known about the implications of this restoration
technique, particularly with regard to its ability to alter the instream geomorphology. The impacts
of beaver on stream morphology in natural systems have been explored in a relatively qualitative
manner for some, but our quantitative understanding of artificial beaver dams and natural beaver
dams remains largely unexplored. This study seeks to determine exactly how natural and artificial
beaver dams influence channel complexity by evaluating the variations in geomorphic form in a
central Oregon stream channel. By using high resolution topographic imagery of the stream
channel, in-channel geomorphic units were classified and analyzed at the treatment and control
reach scale, and within both reaches containing the geomorphic influence of beaver and reaches
lacking this influence. This study quantifies stream channel complexity in terms of: number and
diversity of geomorphic units, area and volume of geomorphic units, and spacing of geomorphic
units. Statistical testing showed that reaches under the influence of natural beaver dams or
artificial beaver dam structures showed a greater diversity and number of geomorphic types and
larger average area of pools, demonstrating that overall, beaver dams increase stream channel
complexity.

INTRODUCTION

Channel complexity is an important ecological property of stream systems and is often a
restoration goal in degraded streams (Laub et al., 2012). Channel complexity is widely assumed
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to play a critical role in maintaining stream ecosystem composition, structure, diversity, and
temporal stability of biotic assemblages and ecological processes in streams by providing a wide
variety of physical conditions (Gorman and Karr, 1978; Kaufmann and Faustini, 2011; Quinn and
Peterson, 1996; Thorp et al., 2006). Many studies have shown that channel incision results in a
loss of both channel planform and bedform complexity (Rosgen and Silvey, 1996; Schumm et al.,
1984; Shields et al., 1999), as well as lowered water tables and reduced hyporheic exchange
(Darby and Simon, 1999). The overall effect of channel incision is a simplification of habitat and
subsequent reduction in its quality for both instream and riparian biota (Pollock et al., 2011).
However, throughout the literature, complexity has rarely been deﬁned explicitly and has
been measured in different ways depending on the objectives of each study. Complexity has been
studied at varying scales, from network scale to geomorphic or habitat unit scale. In general,
complexity has been described in terms of its structural components (McMahon and Hartman,
1989; O'connor, 1991), variety in physical dimensions of channels and their substrates (Baker et
al., 2012; Jungwirth et al., 1993), variation in flow regime (Poff and Ward, 1989; Richter et al.,
1996), and hydraulic variation (Crowder and Diplas, 2002; Pearsons et al., 1992). Complexity has
also been deﬁned using a range of terms such as ‘‘substrate heterogeneity’’ (Menge et al., 1985),
‘‘topographical complexity’’(Cardinale et al., 2002), and is often used interchangeably with
“habitat heterogeneity” (Palmer et al., 2010).
A few recent studies have sought to specifically define channel complexity. Polvi et al.
(2014) defined channel complexity in five dimensions: sediment distribution, longitudinal profile,
cross section, planform, and instream wood. The definition of channel complexity described by
Laub et al (2012) accounted for channel attributes that are commonly assumed important to
ecological patterns and processes. Their approach was similar to that of Bartley & Rutherford
(2005) and used multiple metrics to assess variability in the following four aspects of channel
morphology: cross section proﬁle, longitudinal proﬁle, planform proﬁle and bed sediment
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distribution. Similarly, Kaufmann and Faustini (2011) described six general components of
stream channel habitat complexity: (1) habitat type and its distribution (e.g., pools, riffles), (2)
large woody debris (LWD), (3) in-channel cover for biota, (4) bed substrate and its diversity, (5)
channel complexity and residual pools, and (6) hydraulic roughness. These definitions of
complexity are generally formulated using simple methods. Few have used modern methods such
as high resolution topographic imagery to evaluate channel complexity in streams. This imagery
could potentially explain channel complexity at a more detailed level and at larger scales than
previous studies.
Given that watershed restoration is a relatively young and evolving practice, it is not
surprising that guiding scientific theory is underdeveloped or that restoration activities often
precede field verification of methods (Palmer, 2009). Therefore, new methods in restoration
should continually be developed and tested. One such novel method is the use of beaver (Castor
canadensis) as a restoration tool (Pollock et al., 2011), a method at the forefront of watershed
restoration that has enormous implications in that it is a very affordable restoration technique with
potentially enormous returns for a limited investment (DeVries et al., 2012). However, very little
is known about the implications of this restoration technique, particularly with regard to its ability
to alter the instream geomorphology. While the impacts of beaver on stream morphology in
natural systems have been explored in a relatively qualitative manner for some time (Gurnell,
1998; Pollock et al., 2003) our quantitative understanding of (a) artificial beaver dams and (b)
natural beaver dams remains largely unexplored. Although one of the most frequently cited
benefits of beaver dams is increased heterogeneity, only 52.6% of these studies are based on
quantitative analysis (Kemp et al., 2012).
This study is unique in that I am using high resolution topography to examine how stream
channel complexity is altered by natural and artificial beaver dams with the use of high resolution
topography. This study seeks to determine how exactly natural and artificial beaver dams
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influence channel complexity by evaluating variations in geomorphic form in a central Oregon
stream channel. First, by using high resolution topographic imagery of the stream channel, this
study quantifies stream channel complexity in terms of: number and diversity of geomorphic unit
(GU) types, area and volume of geomorphic units, and spacing of geomorphic units. Additionally
we assess how such stream habitat is changed under the influence of beaver activity.

METHODS

Study Area
Bridge Creek is a 710 km2 watershed draining northwesterly into the lower John Day
River (Figure 1) with elevation ranges from 500 m at the mouth to 780 m at the upper end of our
study site, to 2,078 m at Mt. Pisgah, the highest point in the watershed. The basin is dominated by
sagebrush-steppe (Artemisia spp.) and juniper-steppe (Juniperous occidentalis) in the lower
elevations, with the vegetation changing progressively with increasing elevation to forests
dominated by ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga menziesii), and
Engelmann spruce (Picea englemannii). The mainstem of Bridge Creek is in a semiarid landscape
with 7.4 cm average cumulative summer rainfall (June – September) and average daily maximum
and daily minimum summer temperatures of 26.9 and 8.7°C, respectively. Average annual
cumulative precipitation in Bridge Creek at 800 m elevation is 28.7 cm with an additional 46.2
cm of snow occurring in the fall, winter, and spring months. Average daily maximum and daily
minimum winter (November – April) temperatures are 9.6 and -1.9°C, respectively.
The Bridge Creek Intensively Monitored Watershed Project is a long-term study to
restore stream and riparian habitat along the incised and degraded lower 32 km of Bridge Creek
and to measure the physical and biological changes that occur as a result of the restoration. The
overarching restoration goal is to measurably increase the number of wild steelhead
(Oncorhynchus mykiss) that use this system, which are part of a larger Columbia River population
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Figure 2.1. Bridge Creek study site map.

listed as “threatened” under the Endangered Species Act (NMFS and NWFSC, 2008). This project
is part of NOAA’s Integrated Status and Effectiveness Monitoring Program (ISEMP), which is
developing methods to accurately assess both changes in salmonid habitat and salmonid
populations within the Columbia River basin. Thus, the results of this project are integral to
designing future restoration and monitoring projects throughout the Pacific Northwest.
The simple and cost-effective restoration treatment being employed in the Bridge Creek
IMW project involves the installation of Beaver Dam Support (BDS) structures, which are
designed to either support existing natural beaver dams, or to mimic natural beaver dams. The
structures consist of round wooden fence posts that were placed across potential floodplain
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surfaces (now terraces) and the channel approximately 0.5 to 1 m apart and at a height intended to
act as the crest elevation of an active beaver dam. During the time period of 2009-2011, over 100
BDS structures were installed throughout the lower 32 km section of Bridge Creek.

Study Design
A total of eight reaches along mainstem Bridge Creek were selected for the study (Figure
1): Sunflower, Corral, Pats Cabin, Boundary, Meyers Camp, Woodward, Lower Owens, and
Upper Owens. These eight reaches are part of the Bridge Creek IMW restoration project design,
and consist of four pairs of geomorphically similar reaches, ranging from 0.3 to 0.8 km in length.
There are two types of reaches: treatment reaches and control reaches. Treatment reaches are
those that have received stream restoration treatments (BDS structures), while control reaches are
void of restoration treatments and are located upstream of the treatment reaches. Each of the four
pairs consists of a treatment and control reach.

Analysis
Stream channel complexity metrics: treatment and control reaches
The number of unique GU types was analyzed from the treatment and control reach
perspective. Previous studies have reported the total number of unique unit types, but few have
quantified the total number and spatial coverage of each unit type compared against the others
(Wyrick and Pasternack, 2014). This metric is important for evaluating whether one or few GU
types tend to dominate the reach. This was calculated by totaling the number of different types of
GUs found within each study reach.
The percent of total area containing pools, bars, runs, side channels, and transitional habitat
within control and restoration treatment reaches was calculated. This was computed by dividing
the total area of each GU type by the total area of the entire reach, for all treatment and control
reaches.
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Table 2.1. Reach lengths (meters) of the eight treatment and control paired study sections of Bridge
Creek. Reach length information calculated from the water depth rasters derived from the
November 2011 survey.

Reach
Lengt
h (m)

Sunflower
(Treatmen
t)

Corral
(Contro
l)

Pats
Cabin
Treatmen
t)

Boundar
y
(Control
)

Meyers
Camp
(Treatmen
t)

Woodwar
d
(Control)

Lower
Owens
(Treatmen
t)

Upper
Owens
(Contro
l)

689

414

714

321

728

381

719

799

Table 2.2. Geomorphic unit classification, adapted from Brierley and Fryirs (2008).
Sculpted, Erosional
Geomorphic Unit

Midchannel Geomorphic Unit

Bank Attached Geomorphic Unit

Bedrock Step (waterfall)

Riffle and Pool

Lateral Bar (alternate or side bar)

Rapid

Longitudinal Bar (medial bar)

Scroll Bar

Cascade

Transverse Bar (linguoid bar)

Point Bar

Run (glide, plane-bed)

Diagonal Bar (diamond bar)

Tributary Confluence Bar (channel
junction bar, eddy bar)

Forced Riffle

Expansion Bar

Ridge and Chute Channels (crossbar channels)

Forced Pool

Island

Plunge Pool

Boulder Mound

Ramp (chute channel fill) and Point
Dune
Bench and Point Bench (obliqueaccretion bench)

Pothole

Bedrock Core Bar

Ledge

Beaver Dammed Pool

Sand Sheet

Boulder Berm (boulder bench)

Gravel Sheet (basal or channel lag)

Concave Bank Bench (convex bar)

Forced Midchannel Bar (pendant
bar, wake bar, lee bar)

Compound Bank-Attached Bar
Forced Bank-Attached Bar

The average area of forced and dammed pools was analyzed at the treatment and control
reach scale. This metric will explain if pools are of a different size based on type and location.
The average area of forced and dammed pools was calculated by computing the average area of
that GU type. This was completed at the reach scale. Additionally, this information was combined
to calculate the average area of all forced and dammed pools across all treatment and control
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reaches. This allowed for a comparison of forced and dammed pool area at the treatment and
control level.
The distribution of depths found within all pools in the four paired treatment and control
reaches was analyzed. This was calculated by exporting and summarizing raster cell data from all
pools. This metric will explain how the distribution of depths may vary between reach types.
The distribution of volumes of all pools in the four paired treatment and control reaches
was analyzed. For each pool, this metric was calculated by multiplying the raster cell depth data
and the area (m2). This metric will explain how the volumes of pools vary between reach types.
Finally, the number of pools per kilometer in all reaches was analyzed. This metric will
exhibit the difference in pool spacing between treatment and control reaches.

Zone of influence
A previous study that categorized the eight study reaches of Bridge Creek into areas of
varying degrees of geomorphic influence by natural beaver activity and beaver dam support
structures (BDSS) was used as the basis for this portion of the analysis (see Appendix A). Since
natural beaver dams exist in control reaches, investigating stream channel complexity in terms of
this Zone of Influence (ZOI) scale is a more effective way of studying of the effect of beaver on
stream channel complexity in general.
The definitions of the ZOI categories are as follows:


BDSS ZOI: Stream sections that are geomorphically influenced by beaver dam support
structures (BDSS), but may also include some natural beaver activity.



Active ZOI: Stream sections that show any evidence of geomorphological effect on the
stream due to natural beaver activity only.



Non-ZOI: Stream sections that show no evidence of geomorphological effect on the
stream due to BDSS or natural beaver activity. This category combines stream sections
classified as “Inactive ZOI” and “Outside ZOI” from previous analyses (see Appendix).

The percentage of the total length each reach contained, and the percent of the total length
that each ZOI category contained is summarized in Table 4. Overall, BDSS ZOI reaches contain
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59% of the total length (2800 m), Active ZOI reaches contain 15% of the total length (741 m),
and Non-ZOI reaches contain 26% of the total length (26%).

Stream channel complexity metrics: zone of influence reaches
The number of unique GU types was analyzed at the BDSS, Active, and Non-ZOI reach
scale. This metric is important for evaluating whether one or few GU types tend to dominate the
reach. This was calculated by totaling the number of different types of GUs found within each
study reach.
The percent area of each GU type, average area of pools, runs, and riffles was analyzed at
the BDSS, Active, and Non-ZOI reach scale. The average area of pools was calculated by
averaging the area of all pools in each reach type. The average area of runs was calculated by
averaging the area of all runs in each reach type, and the average area of riffles was calculated by
averaging the area of all riffles in each reach type. This metric will assist in explaining how
natural beaver dams and BDS structures impact the area of pools, runs, and riffles.

Shannon Diversity Index
The Shannon Diversity Index is a common method used to quantify the spatial
complexity and heterogeneity of habitat. Similar to methods used in Maddock et al (2008) and
Wyrick et al (2014), we examined the spatial complexity of GUs in BDSS ZOI, Active ZOI, and
Non-ZOI reach types using the Shannon Diversity Index. The Shannon Diversity Index describes
the range of GU types present, with a higher index indicating greater diversity of GUs. Diversity
(H), evenness (J), and dominance (D) of the total GU areas were calculated with the following
equations:

(1) H = ∑(pi x lnpi)
(2) J = H/ ln(N)
(3)

D = ln(N)−H
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Figure 2.2. Example of geomorphic unit classification. Top: Water depth raster. Bottom: Corresponding
geomorphic unit classification. Meyers Camp restoration treatment reach, Bridge Creek, November 2011.
Green dots represent beaver dam support structure locations.
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Table 2.3. The length (m) of each ZOI stream section and the percent of the total stream length
studied that each reach consists of.
Reach

Sunflower

Corral

Pats
Cabin

Pats
Cabin

Boundary

Meyers
Camp

Woodward

Woodward

Lower
Owens

Upper
Owens

Upper
Owens

ZOI
Category

BDSS
ZOI

Active
ZOI

BDSS
ZOI

NonZOI

Non-ZOI

BDSS
ZOI

Active
ZOI

NonZOI

BDSS
ZOI

Active
ZOI

NonZOI

Length
(m)

689

414

664

50

321

728

212

169

719

115

684

Percent
of Total
Length

15%

9%

14%

1%

7%

15%

4%

4%

15%

2%

14%

Sunflower - BDSS ZOI
14%

Corral - Active ZOI

15%

2%

PatsCabin - BDSS ZOI
PatsCabin - Non-ZOI
9%

15%

Boundary - Non-ZOI
MeyersCamp - BDSS ZOI

14%

Woodward - Active ZOI
Woodward- Non-ZOI

4%

4%

LowerOwens - BDSS ZOI
15%

7%

1%

UpperOwens - Active ZOI
UpperOwens - Non-ZOI

Figure 2.3. The percent of the total stream length (m) that each ZOI and Non-ZOI stream reach consists of.
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BDSS ZOI

26%

Active ZOI
Non-ZOI
59%
15%

Figure 2.4. The percent of the total stream length (m) that each ZOI and Non-ZOI category consists of.

where pi is the fraction of total wetted area of the i-th GU type, and N is the total number of GU
types. For the fourteen GU types present, a fully diverse composition would exhibit equal numbers
of each type (i.e.,

pi

= 1/ 14 = 0.071), a diversity index of 2.17, an evenness of 0.85, and a

dominance factor of 0.39.

Ordination
An NMS (non-metric multidimensional scaling) Ordination Analysis (PC-Ord) was
completed to evaluate any clustering of reaches of similar characteristics categorized into the
following variables:
1.
2.
3.
4.

Mean geomorphic unit area: the mean area of each geomorphic unit type, by reach
Average maximum pool depth
Spatially averaged percent area of each geomorphic unit type per reach
Spatially averaged number of geomorphic units per reach

This analysis will test if BDSS, Active, and Non-ZOI reach types are statistically different
from each other based off of the variables listed above.
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RESULTS

Geomorphic Unit Classification
A combination of aerial imagery, topographic data, and beaver dam location data of the
eight Bridge Creek study reaches was analyzed to determine the influence of beaver on stream
channel complexity at the reach scale (Figure 5). Existing topographic data for the eight study
reaches collected in November 2011 by the Utah State University Ecogeomorphic and
Topographic Analysis Lab was used for the analysis.
Using ArcGIS, geomorphic units were drawn by hand using the polygon tool.
Geomorphic unit definitions used in the analysis were adapted from Brierley and Fryirs (2008)
(Table 2). Geomorphic units were classified using multiple lines of evidence:






Water depth raster
Water surface slope raster
Aerial imagery
Beaver dam support structure location layer
Beaver dam zone of influence layer

Three types of aerial photography were used to aid in geomorphic unit classification:
1. Drone aerial imagery, collected in November 2010.
2. Bing aerial imagery, collected in July 2011.
3. Google Earth aerial imagery, current and historical imagery.
The aerial imagery was used in multiple ways. Color shading in the channel was used to
determine bars from pools. Lighter shaded areas within the channel were used to aid in
classifying bars, where darker areas within the channel were used to aid in classifying pools.
Also, water surface roughness is visible in the photography, which aided in the determination of
geomorphic unit types characterized by certain hydraulics (example: riffle). Additionally, islands
were classified with the assistance of the historical imagery tool in Google Earth. This allowed
for the processes that shape an island over time to become visible.
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Water depth rasters for each reach were used to aid in the geomorphic unit classification.
Water depths of 25 cm or less were colored in shades of red to assist with the elimination and
classification of marginal or transitional habitat (Figure 2). This color classification also aided in
the visibility of convexities and concavities. Pools were classified as water that is at least 0.25
meters in depth or greater and appeared as a concavity in the raster. Additionally, if an area that is
0.25 m deep or greater was defined by only one topographic survey point, then it was not
classified as a pool (i.e. pools were defined by more than one point that was measured as greater
than 0.25 m). Areas deeper than 0.25 m must be at least 2 m in stream length in order to be
considered a pool as well.

Stream Channel Complexity Metrics: Treatment and Control Reaches
Percent area
The percent of the total area of each reach that each GU type consisted of is depicted in
Figure 6. No clear pattern in the range of types and their associated percent areas is visible
between treatment and control reaches. In treatment reaches, dammed pools, forced pools, side
channels, and transitional habitat contained the largest percentages of total area. In control
reaches, dammed pools, forced pools, point bars, runs, and transitional habitat contained the
largest percentage of total area.
In order to be able to meaningfully compare the percent area of GU types between
reaches of varying lengths, the areas of dammed and forced pools were spatially averaged. Figure
7 shows the average percent area in treatment and control reaches that contains forced and
dammed pools. The average percent of area in treatment reaches containing dammed pools is
26%, while in control reaches, this value was 17%. The average percent of area in treatment
reaches containing forced pools is 22%, while in control reaches, this value was 16%.
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Simplifying it further, Figure 8 shows the average percent area that consists of pools in
treatment and control reaches. The average percent of area in treatment reaches containing pools
is 24%, while in control reaches this value is 16%.

Figure 2.5. Geomorphic unit classification of the November 2011 topographic survey data compared at
treatments (left side) with controls (right side). Background hillshade is derived from a hybrid DEM of
2011 survey for instream and near channel and 2005 airborne LiDaR for context.

Flow
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Figure 2.6. Comparison of percent area of each geomorphic unit type found in paired control (left) and
treatment reaches (right).

20
30%

Average Percent Area

25%
20%
15%
10%
5%
0%
Dammed Pool
Treatment

Dammed Pool
Control

Forced Pool
Treatment

Forced Pool Control

Figure 2.7. The average percent of the total area in treatment and control reaches containing
dammed and forced pools.

30%

Average Percent Area

25%
20%
15%
10%
5%
0%
Average Pool Treatment

Average Pool Control

Figure 2.8. The average percent of the total area in treatment and control reaches containing pools
(pools here meaning the average percent area of both dammed and forced pools).
Average area of pools
The average area of dammed and forced pools in treatment and control reaches is shown
in Figure 9. The largest average area of dammed pools occurred in the Corral reach (352 m2), and
is over three times larger on average than dammed pools in all other reaches. This is due to the

21
three unusually large dammed pools found in the Corral reach. These pools are located in a large
secondary channel that consists largely of backwater. This secondary channel was previously the
main channel prior to a storm event where a large input of sediments from a tributary at the
upstream end of the Corral reach rerouted the main flow of Bridge Creek, and a new main
channel has formed through the reach. Within all reaches containing dammed pools, the area of
dammed pools is significantly larger than the area of forced pools, with the exception of the
Upper Owens reach.
The average area of all types of pools in treatment and control reaches is shown in Figure
10. The largest average area of pools again occurred in the Corral reach (185m2). The smallest
average area of pools occurs in the Boundary and Upper Owens. These reaches also contain the
least amount of beaver activity of all other reaches in the study (see Appendix).

Average Area of Pool by Pool Type (m2)

400
350
300
250
200
150
100
50
0

Figure 2.9. The average area of dammed pools (DP) and forced pools (FP) within treatment (T) and control
(C) reaches. Colors consisting of two shades indicate paired treatment and control reaches.
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Average Area of all Pools (m2)

160
140
120
100
80
60
40
20
0
Sunflower Corral (C)
(T)

Pats Cabin Boundary
(T)
(C)

Meyers Woodward
Lower
Upper
Camp (T)
(C)
Owens (T) Owens (C)

Figure 2.10. The average area of pools (i.e. the average area of both dammed and forced pools combined)
within treatment (T) and control (C) reaches.
150

Average Area (m2)

125
100
75
50
25
0
Dammed Pool
Treatment Reaches

Dammed Pool
Control Reaches

Forced Pool
Forced Pool Control
Treatment Reaches
Reaches

Figure 2.11. The average area (square meters) of dammed and forced pools in treatment and control
reaches.

The average area of dammed and forced pools summarized into treatment and control
reach categories is shown in Figure 11. Once again the average area of dammed pools in control
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reaches is quite large due to the three large dammed pools found in the Corral reach. The average
area of forced pools in treatment reaches was 30 m2, while the average area of forced pools in
control reaches was 15 m2.

Number of geomorphic unit types
The number of geomorphic unit types was calculated for each study reach (Figure 12).
The largest difference in the number of geomorphic unit types was between the Pats Cabin
treatment reach (12 GU types) and the Boundary control reach (8 GU types). The Meyers Camp
and Woodward, and Lower and Upper Owens paired reaches only differed by two GU types,
while the Sunflower and Corral paired reaches had the same total number of geomorphic unit
types.

Pool depths
The range of pool depths found in treatment and control reaches is summarized in Table
4 and Figures 13 and 14. The results show that there is a greater range of depths found in the

Total Number of GU Types

14
12
10
8
6
4
2
0

Figure 2.12. The number of geomorphic unit types within each treatment (T) and control (C)
reach.
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control reaches. The most frequently occurring depths of pools found in both treatment and
control reaches was between 0.2 - 0.3 m. Additionally, the boxplot of depth values (Figure 15)
shows that although the range of depths is larger in treatment reaches, the majority (75%) of
depth values in the control reaches actually have a larger range. This again is due to the three
unusually large dammed pools found in the Corral reach.

Table 2.4. Summary of pool depth (m) data in treatment and control reaches.
Treatment
Control
0.0
0.0
Min
0.3
0.3
1st Quartile
0.4
0.4
Median
0.4
0.5
Mean
rd
0.5
0.7
3 Quartile
1.7
1.5
Max

Figure 2.13. Distribution of pool depths in control reaches of Bridge Creek. The x-axis is water
depth (m), and the y-axis is the frequency in which that depth occurred in all water depth raster
cells.
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Figure 2.14. Distribution of pool depths in restoration treatment reaches of Bridge Creek. The xaxis is water depth (m), and the y-axis is the frequency in which that depth occurred in all water
depth raster cells.

Figure 2.15. Boxplot of water depths of all pools within restoration and treatment reaches of
Bridge Creek.

26
Pool volumes
The volume of pools found in treatment and control reaches is summarized in Table 5.
The boxplot in Figure 18 shows that 75% of the data in the treatment reaches contains a larger
range of pool volumes (3.53 – 22.11 m3) than that of control reaches (1.54 – 5.62 m3). The three
outliers within the control reaches is due to the three unusually large dammed pools found in the
Corral reach.

Table 2.5. Summary of pool volume data in treatment and control reaches.
Treatment
Control
0.02
0.08
Min
3.53
1.54
1st Quartile
9.45
3.02
Median
17.72
16.08
Mean
22.11
5.62
3rd Quartile
153.62
504.53
Max

Figure 2.16. Volume (cubic meters) of pools in treatment and control reaches.
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Pool spacing
The number of pools per kilometer in treatment and control reaches is summarized in
Table 5. Treatment reaches contained a higher number of pools per km (68.42) than control
reaches (59.53).

Table 2.6. The number of pools per km in treatment and control reaches.
Treatment
Control
68.42
59.53
Pools per km (#)

Stream Channel Complexity Metrics: Zone of Influence Reaches
Percent area
The percent of the total area of ZOI reach types that each GU type consisted of was
calculated (Figures 17-19). In BDSS ZOI reaches, dammed pools (36%), forced pools (29%), and
side channels (14%) contained the largest percent of the total area. Similarly, in Active ZOI
reaches, dammed pools (45%), forced pools (17%), and side channels (18%) contained the largest
percent of the total area. In Non-ZOI reaches, forced pools (27%), point bars (23%), and runs
(28%) contained the largest percentage of total area. Dammed pools and side channels were not
present in Non-ZOI reaches due primarily to the lack of beaver present.

Number of geomorphic unit types
All eight study reaches combined contain 658 geomorphic units (excluding transitional
areas). Stream sections classified as Active ZOI contained 111 geomorphic units, while BDSS
ZOI stream sections contained 383 geomorphic units, and Non-ZOI stream sections contained
164 geomorphic units. The total number of different GU types was greatest in BDSS ZOI reaches
(12 types), while Active ZOI reaches contained 11 GU types, and Non-ZOI reaches contained 9
GU types (Table 6).
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Figure 2.17. Percent area of each geomorphic unit type found BDSS ZOI reaches.
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Figure 2.18. Percent area of each geomorphic unit type found Active ZOI reaches.
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Figure 2.19. Percent area of each geomorphic unit type found Non-ZOI reaches.

Table 2.7. Total number of geomorphic unit types found in BDSS ZOI stream reaches, Active ZOI
stream reaches, and Non-ZOI stream reaches (excluding transitional areas).
Number
BDSS ZOI
Active ZOI
Non-ZOI
Dammed Pool
Dammed Pool
Forced Pool
Forced Pool
Forced Midchannel Bar Island
Island
Forced Pool
Lateral Bar
Lateral Bar
Longitudinal Bar
Longitudinal Bar
Longitudinal Bar
Point Bar
Point Bar
Point Bar
Riffle
Riffle
Pond Deposits
Run
Run
Riffle
Side Channel
Transverse Bar
Run
Transverse Bar
Transitional
Side Channel
Tributary Confluence
Bar
Transverse Bar
Transitional
Transitional
TOTAL

12

11

9

30

Average Area (square meters)

250

200

150

100

50

0
Active ZOI Dammed Pool

Active ZOI Forced Pool

BDSS ZOI Dammed Pool

BDSS ZOI Forced Pool

Non-ZOI - Forced
Pool

Reach Type - Pool Type

Figure 2.20. The average area of dammed and forced pools in Active ZOI, BDSS ZOI, and NonZOI stream sections within the eight study reaches of Bridge Creek. Non-ZOI dammed pool not
shown because Non-ZOI reaches do not contain any dammed pools.
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Figure 2.21. The average area of runs in Active ZOI, BDSS ZOI, and Non-ZOI stream sections
within the eight study reaches of Bridge Creek.

31

Average Area (square meters)

25
20
15
10
5
0
Active ZOI

BDSS ZOI

Non-ZOI

Reach Type - Riffle

Figure 2.22. The average area of riffles in Active ZOI, BDSS ZOI, and Non-ZOI stream sections
within the eight study reaches of Bridge Creek.

Average area of pools, runs, and riffles
Active ZOI reaches contain the largest average area of dammed pools (225.9 square
meters), shown in Figure 22. This is due to the three extremely large dammed pools that occur in
the Corral reach. BDSS ZOI reaches contain the largest average area of forced pools (71.8 square
meters). Non-ZOI reaches contain the largest average area of runs (Figure 20), while Active ZOI
reaches contain the largest average area of riffles (Figure 21).

Shannon Diversity Index
Similar to methods used in Maddock et al (2008) and Wyrick et al (2014), I examined the
spatial complexity of GUs using the Shannon Diversity Index. A fully diverse composition would
exhibit equal presence of each GU type (i.e., pi = 1/ 13 = 0.077), a diversity index of 2.17, an
evenness of 0.85, and a dominance factor of 0.39. Results for the diversity of GUs found in
Active ZOI, BDSS ZOI, and Non-ZOI reaches is summarized in Table 10.
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Table 2.8. Shannon Diversity Index metrics for BDSS ZOI, Active ZOI, and Non-ZOI reaches.

BDSS ZOI
Active ZOI
Non-ZOI

Diversity (H)
1.99
1.77
1.66

Evenness (J)
0.33
0.38
0.32

Dominance (D)
3.96
2.93
3.44

Figure 2.23. Reach-scale aggregated NMS Ordination Analysis results. Geomorphic unit acronyms are as
follows: Dammed Pool (DP), Forced Pool (FP), Lateral Bar (LB), Point Bar (PB), Pond Deposits (PD),
Riffle (Rif), Side Channel (SC), and Transverse Bar (TB).
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Ordination
An NMS Ordination Analysis was completed to evaluate any clustering of reaches of
similar characteristics. Variables included in the ordination analysis:
5.
6.
7.
8.

Mean geomorphic unit area: the mean area of each geomorphic unit type, by reach
Average maximum pool depth
Spatially averaged percent area of each geomorphic unit type per reach
Spatially averaged number of geomorphic units per reach

DISCUSSION

Channel morphological patterns are nonrandom and nonuniform, and are shaped by
complex and interrelated processes such as upstream hydrology, transport capabilities of the
substrate, channel-floodplain interactions, and flow hydraulics (Wyrick and Pasternack, 2014).
Based on the results of the analyses within, beaver clearly have an effect on these morphological
patterns.

Stream Channel Complexity Metrics: Treatment and Control Reaches
At the treatment and control reach scale, spatial patterns of geomorphic units became
visible. In every reach where dammed pools were present, the average area of dammed pools was
notably larger than that of forced pools. If beaver were not present in the stream, these dammed
pools would not exist, and therefore there would be less pool habitat for steelhead trout. By
investigating the spatially averaged percent of the total area, the data showed that treatment
reaches contain a much higher percentage of area that consists of pools than that of control
reaches. Additionally, control reaches contain a higher percentage of area that consists of bars and
runs than that of treatment reaches. Overall, the number of GU types found in treatment and
control reach pairs does not differ substantially, which tells us that there is not a particular type of
GU that is dominating treatment or control reaches. One way to interpret this is that the BDS
structures are functioning in a similar capacity to natural beaver dams. The results show that the
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range of depths found within pools in control reaches was larger than treatment reaches, but the
most frequent depth calculated for both reach types fell within the same category (0.2 – 0.3
meters). This means that in terms of depth, the pools created and maintained in the restoration
treatment reaches are not different than pools in control reaches. The entire data set shows that
there was a visibly larger range in pool volumes in the control reaches, primarily due to the
extremely large and deep dammed pools in the Corral reach. When outliers are excluded and 75%
of the data is compared in the boxplot, the treatment reaches contain a larger range of pool
volumes than that of control reaches. Restoration treatment reaches also contain a higher number
of pools per km than control reaches. This indicates that the spacing of pools in control reaches is
less than treatment reaches.

Stream Channel Complexity Metrics: Zone of Influence Reaches
At the Zone of Influence reach scale, other patterns became visible. Point bars and runs
were much more dominant in terms of percent area in the Non-ZOI reaches, whereas in the BDSS
and Active ZOI reaches, forced pools, dammed pools, and side channel habitat were the dominant
GU types. The diversity in the types of geomorphic units is greater in BDSS and Active ZOI
stream sections than in Non-ZOI stream sections. This tells us that there is not a particular type of
GU that is dominating any of the reaches, and that beaver dams and BDS structures may be
causing an increased diversity in GU types. The average area of all pools located in BDSS and
Active ZOI reaches is larger than the average area of all pools located in Non-ZOI reaches. The
average area of dammed pools in Active ZOI stream sections is larger than all other pools, even
dammed pools found in BDSS ZOI stream sections. This is due to the extremely large three
dammed pools that occur in the Corral reach. This means that the natural beaver dams and BDS
structures create larger pools than what is found in areas that are un-impacted by beaver. The
results show that the average area of runs are considerably larger in stream sections that are not
influenced by beaver activity. Riffles are larger in Active ZOI stream sections than other sections;
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however this difference is not very large. The diversity of GUs in the BDSS and Active ZOI
reaches was higher than the diversity of GUs in the Non-ZOI reaches. This indicates that the
presence of beaver dams leads to increased spatial habitat complexity.
The results of the NMS ordination analysis show that there is a clear pattern of clustering
of Non-ZOI reaches, which means that the Non-ZOI reaches are statistically different than beaver
influenced reaches (BDSS and Active ZOI reaches). The results also show that the characteristics
of Lower Owens BDSS ZOI, Meyers Camp BDSS ZOI, and Woodward Active ZOI are
statistically similar, since they are clustered together on the graph. Additionally, the results show
that side channels are associated with Sunflower and Pats Cabin BDSS ZOI reaches, which are
the only reaches that contain side channels. The Corral Active ZOI reach is in an isolated location
on the graph, nearest the mean area of dammed pools and the number of side channels per reach.
This makes intuitive sense, as the Corral Active ZOI reach contains the largest mean area of
dammed pools and number of side channels (spatially averaged) than any other reach.

CONCLUSIONS

This study provided a first insight into the effect of beaver dams on stream channel
complexity at the spatial scale. The data show that the restoration treatment reaches contain
increased stream channel complexity when compared to control stream reaches in terms of the
number and diversity of geomorphic units, area and volume of geomorphic units, and spacing of
geomorphic units. Treatment reaches contain larger average area of dammed pools (excluding the
Sunflower/Corral reach pair), higher percentage of pools out of the total area, and treatment
reaches contain a much higher number of pools per kilometer. Additionally, treatment reaches
contain dammed pools that are sizable to dammed pools found in the control reaches. From this
perspective, it appears that the BDS structures are functioning at a similar capacity as natural
dams in terms of dammed pool area.

36
Increasing the number and depth of pools is a common goal in watershed restoration
projects. This study showed that restoration treatment reaches contain a higher percentage of area
that consists of pools than that of control reaches. Additionally, the range of pool volumes and
number of pools per kilometer in treatment reaches was larger than that of control reaches.
However, the range of depths found within pools in control reaches was larger than treatment
reaches.
When the stream sections are divided into BDSS ZOI, Active ZOI and Non-ZOI reach
types, the effect of beaver on stream channel complexity becomes even more visible. Reaches
under the influence of beaver or BDS structures (BDSS and Active ZOI) showed overall
increased stream channel complexity. BDSS and Active ZOI reaches showed a higher percentage
of pools out of the total area, a greater diversity in the number of GU types and larger average
area of pools.
Geomorphic units have been described as the fundamental building blocks of rivers and
have been used to make important links within channel classification hierarchies (Brierley and
Fryirs, 2008). Therefore, improved identification and delineation of these geomorphic units is
critical to the progress of river science (Wyrick and Pasternack, 2014). This study presents new
methods for classifying high resolution topography and methods for application of the
classification data.
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CHAPTER 3
THE ROLE OF BEAVER IN SHAPING THERMAL HETEROGENEITY
IN A CENTRAL OREGON STREAM

ABSTRACT

North American beaver (Castor canadensis) alter stream channel morphology and hydrologic
processes, and therefore influence stream temperature regimes, however there are few data driven
studies that investigate the effect of beaver on stream temperature regimes across multiple spatial
and temporal scales. The use of beaver as a restoration tool is a method at the forefront of
watershed restoration, yet very little is known about the implications of this restoration technique,
particularly with regard to its ability to alter the instream temperature regime. The goal of this
study is to quantify the role of natural and artificial beaver dams in shaping the thermal
heterogeneity in a semiarid central Oregon stream during summer months. Using stream
temperature data from 140 temperature loggers deployed in three pairs of beaver influenced and
control reaches varying from 90 to 240 meters in length, we studied stream temperature at
temporal, spatial, and spatiotemporal scales. The spatial scale results suggest that at all three site
pairings, the heterogeneity of stream temperatures is increased in the beaver influenced reaches at
12:00 PM on days studied. At the temporal scale, the data show that stream temperatures are
either dampened or slightly lagged in beaver influenced reaches in comparison with the control
reaches. At the spatiotemporal scale, no clear pattern in stream temperature heterogeneity
emerged in all three site pairings, however the distributions of the stream temperature datasets in
beaver influenced reaches differed in comparison to the control reach datasets. A clear pattern of
cool water upwelling downstream of two beaver dams in the Lower Owens beaver influenced
site was visible in the field and within the dataset at all times throughout the deployment period,
though this upwelling was not visible in the other two beaver influenced reaches. The results of
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this study indicate that stream sections containing natural and artificial beaver dam complexes
may provide critical rearing habitat for ESA-listed steelhead trout (Oncorhynchus mykiss) during
warm summer months within this semiarid watershed when stream temperatures often exceed
lethal limits.

INTRODUCTION

North American beaver (Castor canadensis) influence freshwater ecosystems
(Naiman et al., 1988; Pollock et al., 1995) via their effects on hydrology, geomorphology,
water chemistry and temperature (Collen and Gibson, 2001; Rosell et al., 2005). Initial
studies looking at the effects of beaver dams on stream temperature are largely qualitative. Salyer
(1935) found that stream temperature in Michigan streams increased downstream of beaver dams
for approximately a quarter of a mile before returning to the original temperature, but where,
when, or how many temperature sensors were used in the study was not specified. Rasmussen
(1941) found temperature in beaver ponds to be higher than stream temperatures in cold-water
high elevation streams of northeastern Utah. These increases in water temperature were never
great and were believed to benefit trout growth. Similarly, Grasse and Putnam (1955) argued that
most of Wyoming’s streams are far too cold for optimum trout development, but beaver ponds
have tended to warm the water toward their thermal optima. In an eastern Sierra stream in
California, Gard (1961) found that beaver dams cooled stream temperatures in all seasons except
during high spring runoff. This determination was made by placing one temperature logger at the
upstream and downstream boundaries of an approximately 2.5 km reach of stream containing a
series of beaver dams. Hale (1966) found that summer stream temperatures in a northern
Minnesota stream were increased at the outlet of two beaver ponds.
In accordance with the older literature, more recent studies have also shown both
increases and decreases in stream temperature downstream of beaver dams. White (1990)
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described a sharp pressure decrease immediately downstream from the dams that caused a
distinguishable upwelling of underflowing streamwater and upwelling of cooler porewater from
deeper in the substrate. Lautz and Siegel (2006) showed that debris dams are a key driver of
surface water into the subsurface, causing the largest flux rates of water across the streambed and
creating hyporheic zones with up to twice the cross-sectional area of other hyporheic zones.
Lowry (1993) studied groundwater patterns in Bridge Creek, tributary to the John Day River in
central Oregon. He found that groundwater wells located relatively far out on the floodplain (i.e.
50 meters) from the beaver pond had about a two month temperature lagged response behind
stream temperature, thereby providing a source of cool water in the summer and warm water in
the winter. His results further indicated that stream temperature can influence groundwater
temperature, and that groundwater recharge is highest near the pond. In an unpublished study,
McGraw (1987) showed that the effect of beaver dams on stream temperature was variable in a
northern Michigan stream. While upwelling of groundwater was visible downstream of the two
study dams, there was no change in stream temperature downstream of the small dam. McRae
and Edwards (1994) found that there was no consistent relationship between size or number of
beaver impoundments and the degree of downstream warming in four northern Wisconsin
streams. Further, they found that the thermal effect of beaver impoundments to be highly site
dependent. Their results suggested that large ponds act as thermal buffers, raising downstream
water temperatures slightly in some cases, but also dampening the diel fluctuation. Alexander
(1998) found overall warming of stream temperatures as the water flowed through beaver dams,
and cooled down to match stream temperatures upstream of the dams in two tributaries to the
Mirimachi River in New Brunswick, Canada. However, their average density of temperature
logger placement was one logger per approximately 100 meters of stream length.
A bit more comprehensive than previous studies in documenting the effects of beaver
dams on stream temperature, Margolis et al. (2001) measured stream temperature in four
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locations (above, 1 m below, 10 m below, 100 m below) at two beaver impoundments on two
different streams in the Appalachians. They found that water temperatures were significantly
greater downstream of the beaver impoundments in fall, spring, and summer months. In the fall
and spring, water temperatures were up to 6°C greater downstream of the beaver impoundments.
In the summer, water temperatures were up to 9°C greater downstream of the beaver
impoundments at both sites. At a larger scale, Talabere (2002) looked at the effect of beaver
ponds on the longitudinal temperature profile of a high-desert stream in southeastern Oregon and
found no statistically significant influence of beaver activity on water temperature. However, the
authors only used 24 temperature loggers over a 22 km stream reach.
The more recent studies examining the effects of beaver dams on stream temperature are
inconclusive. Bledzki et al (2011) found that beaver dams increased stream temperature, however
the authors did not clearly state exactly how many temperature loggers were used in the study,
and where temperature was measured to make this determination. Also, the study compared one
stream containing beaver dams to another stream without beaver dams to make this conclusion,
which may deem the results confounding. On a similar note, Fuller and Peckarsky (2011) studied
18 beaver dams in streams throughout western Colorado and concluded that low-head beaver
dams warmed downstream temperatures, while high-head dams cooled downstream temperatures.
However, the number of temperature loggers used in the study to make this claim was not
specified, as well as the location in which the temperature measurements were taken in order to
make this conclusion. Majerova et al (in review) investigated the effect of beaver on the
temperature regime in a northern Utah stream and at the reach scale temperatures increased by
0.38°C which they attributed in part to the 230% increase in mean reach residence time of water
due to beaver activity.
In many of the aforementioned studies, water temperature was rarely the main concern.
In summary, it can be concluded that the literature cursorily shows that the effect of beaver dams
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on stream temperature is temporally and spatially variable. Additionally, the temporal and spatial
scales investigated within individual studies widely vary causing inconsistent conclusions
regarding beaver dam impacts on stream systems (Kemp et al., 2012). Further studies are needed
to understand the effects of beaver dams on stream temperature in a more quantitative manner in
which the exact location of temperature measurements, number of temperature data points,
recording time interval, etc. is depicted. The goal of this study is to quantify the role that natural
and artificial beaver dams play in shaping thermal heterogeneity in Bridge Creek, tributary to the
John Day River, in central Oregon. Specifically, we investigate the effect of beaver dams on
stream temperature heterogeneity within stream reaches containing beaver dams and reaches
lacking this influence at three scales: spatial, temporal, and spatiotemporal. The results of this
study are intended to increase our understanding of the role of beaver in shaping thermal
heterogeneity during warm summer months when stream temperatures often exceed lethal limits
for ESA listed steelhead trout (Oncorhynchus mykiss).

METHODS

Study Area
Bridge Creek is a 710 km2 watershed draining northwesterly into the lower John Day
River (Figure 1) with elevation ranges from 500 m at the mouth to 780 m at the upper end of our
study site, to 2,078 m at Mt. Pisgah, the highest point in the watershed. The basin is dominated by
sagebrush-steppe (Artemisia spp.) and juniper-steppe (Juniperous occidentalis) in the lower
elevations, with the vegetation changing progressively with increasing elevation to forests
dominated by ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga menziesii), and
Engelmann spruce (Picea englemannii). The mainstem of Bridge Creek is in a semiarid landscape
with 7.4 cm average cumulative summer rainfall (June – September) and average daily maximum
and daily minimum summer temperatures of 26.9 and 8.7°C, respectively. Average annual
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cumulative precipitation in Bridge Creek at 800 m elevation is 28.7 cm with an additional 46.2
cm of snow occurring in the fall, winter, and spring months. Average daily maximum and daily
minimum winter (November – April) temperatures are 9.6 and -1.9°C, respectively.

Figure 3.1. Bridge Creek study site map.

The Bridge Creek Intensively Monitored Watershed Project is a long-term study to
restore stream and riparian habitat along the incised and degraded lower 32 km of Bridge Creek
and to measure the physical and biological changes that occur as a result of the restoration. The
overarching restoration goal is to measurably increase the number of wild steelhead trout
(Oncorhynchus mykiss) that use this system, which are part of a larger Columbia River population
listed as “threatened” under the Endangered Species Act (NMFS and NWFSC, 2008). This
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project is part of NOAA’s Integrated Status and Effectiveness Monitoring Program (ISEMP),
which is developing methods to accurately assess both changes in salmonid habitat and salmonid
populations within the Columbia River basin. Thus, the results of this project are integral to
designing future restoration and monitoring projects throughout the Pacific Northwest.
The simple and cost-effective restoration treatment being employed in the Bridge Creek
IMW project involves the installation of Beaver Dam Support (BDS) structures, which are
designed to either support existing natural beaver dams, or to mimic natural beaver dams. The
structures consist of round wooden fence posts that were placed across potential floodplain
surfaces (now terraces) and the channel approximately 0.5 to 1 m apart and at a height intended to
act as the crest elevation of an active beaver dam. During the time period of 2009-2011, over 100
BDS structures were installed throughout the lower 32 km section of Bridge Creek (Figure 2).

Study Design
A total of five sites along mainstem Bridge Creek were selected for the study (Figure 1).
These sites are located within larger ISEMP documented reaches. There are two types of sites:
beaver influenced sites and control sites. Beaver influenced sites exhibited recent beaver dam
building activity, where recent is defined as occurring within the last 12 months. Beaver
influenced sites contain the following types of dams/dam structures: natural beaver dams, natural
reinforced beaver dams, and large beaver dam support structures with beaver activity that came
after installation. Control sites occur in areas containing no recent beaver activity, and are
representative of channel conditions prior to restoration. Three sites are beaver influenced, and
two are control sites (Table 1). Each site contains various geomorphic unit types, with open and
shaded areas. Sites were dispersed throughout the watershed to facilitate the capture of thermal
heterogeneity dynamics in an assortment of locations (Figure 1). Larger dams and dam structures
were selected because if there was a thermal response associated with beaver dams, I
hypothesized it to be most pronounced in larger dams which have an increased hydraulic head
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(White, 1990). Beaver influenced sites contain enough stream length as to include beaver dam
complexes (i.e. 2-4 beaver dams), and on average are approximately 165 meters in length.
Control sites are a similar length to allow for a reasonable comparison.
Temperature data was collected for all sites during the time window of July 16 - August
21, 2012. Temperature data in control sites was collected during the same time window as data in
the treatment sites. Table 2 below shows the treatment and control pairing scheme that was
developed, and the corresponding dates in which temperature data was collected.

B

A

B

C

C
Figure 3.2. Beaver influenced sites. (A) Sunflower site, BDS structures SF-1.0 and SF-1.1. (B) VIP site,
natural beaver dam. (C) Lower Owens, BDS structure (natural reinforced type) LO-24.3.
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E

D

E
Figure 3.3. Control sites. (D) Boundary site. (E) Middle Owens site.

Table 3.1. Site summary information.
Site

Site Type

Type of
Dams

Reach
Length (m)

Number of
Dams

Sunflower

Beaver
Influenced
Beaver
Influenced
Beaver
Influenced

BDSS

115

3

Density of
Dams (dams
per meter)
0.03

Natural

240

4

0.02

BDSS &
Natural
Reinforced
N/A
N/A

90

3

0.03

200
180

0
0

N/A
N/A

VIP
Lower Owens

Boundary
Middle Owens

Control
Control

Table 3.2. Site pairing and temperature logger deployment period for each site pairing.
Site Pairing 1 Site Pairing 2 Site Pairing 3
Beaver
Sunflower
VIP
Lower Owens
Influenced
Boundary and
Boundary
Boundary
Control
Middle Owens
Logger
July 16-29
August 1-11
August 13-21
Deployment
Period (2012)
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Data Collection
Temperature probe
An Omega HH41 High Accuracy Temperature Probe was used to guide the placement of
the temperature loggers. The accuracy of the temperature probe is 0.2ᵒC. The temperature probe
was attached to a survey rod such that the tip of the temperature probe (where the measurement is
taken) was aligned with the tip of the survey rod. Each reach was scanned thoroughly with the
temperature probe and a temperature logger was placed in any location that registered ≥0.2ᵒC
difference than previous measurements.
Temperature logger data collection
Temperature datasets for each site were collected using a combination of 100 Onset Hobo
TidBit Pro v2 Water Temperature Loggers and 40 Onset Hobo Pro v2 Water Temperature
Loggers (U22 model). The accuracy of both models of temperature loggers is ±0.2ᵒC.
Temperature loggers were deployed at an average spacing of approximately two meters
longitudinally throughout each study reach. The temperature loggers were attached with zip ties
to rebar that had been driven into the stream channel substrate, and were placed just above the
surface of the stream channel bottom. The temperature loggers were wrapped in aluminum foil to
reduce the influence of solar radiation in slower moving water. The loggers were programmed to
measure temperature at an interval of every five minutes, and were in-situ for at least 7 days at
each study reach. A temperature logger was deployed at the upstream and downstream extent of
each site, which allowed for the detection of the net change in temperature throughout each study
reach. A survey grade Leica System 1200 RTK GPS Base and Rover were then used at each site
to aid in the mapping of temperature logger location and basic stream topography (such as edge
of water points).
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Table 3.3. Number of loggers placed within each reach.
Site Name
Number of Temperature Loggers
72
Sunflower (Beaver Influenced)
93
VIP (Beaver Influenced)
60
Lower Owens (Beaver Influenced)
47
Boundary (Control)
15
Middle Owens (Control)
Table 3.4. Density of temperature loggers within each reach.
Site Name
Density of Temperature Loggers (Loggers
per meter)
0.62
Sunflower (Beaver Influenced)
0.39
VIP (Beaver Influenced)
0.67
Lower Owens (Beaver Influenced)
0.235
Boundary (Control)
0.08
Middle Owens (Control)
Table 3.5. Number of temperature loggers found buried or stranded out of water upon removal.
Site Name
Number of temperature
Percent of loggers not
loggers
buried or stranded
buried or stranded
5
93%
Sunflower (Beaver
Influenced)
21
77%
VIP (Beaver Influenced)
10
83%
Lower Owens (Beaver
Influenced)
7
85%
Boundary (Control)
0
100%
Middle Owens (Control)

Discharge
Streamflow at each site was measured using a Marsh-McBirney FloMate flow meter.
Streamflow data was collected at each site at least 3 times during the study period to calibrate and
correlate with any changes observed in the barometric pressure data. This allowed for a stage
discharge relationship to be determined for each site. Traditional methods as shown in Harrelson
et al (1994) were used to measure discharge.
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Stage measurements
Onset Hobo U20 Water Lever Data Loggers (i.e. pressure transducers) were deployed at
the upper and lower boundary of each site and were left in place throughout the study period. Stage
height was measured at an interval of every five minutes, in accordance with the temperature
loggers. This allowed for the detection of the net change in stream flow entering and leaving each
site, and whether or not each reach is gaining, losing, or neutral in stream flow.

Climate
A Davis Vantage Pro 2 weather station collected air temperature, wind speed,
precipitation, humidity, dew point, and barometric pressure at a five minute interval,
corresponding with the temperature loggers and pressure transducers. This information was
collected at each reach while the temperature loggers were in place in order to provide additional
information regarding changes in meteorological conditions throughout the study period.

Solar radiation
Since solar radiation is a major driver of stream temperature, solar radiation data was
included in this study. Using a Solmetric SunEye, the solar access to each reach was measured
multiple times at each site by the Columbia Habitat and Monitoring Program (CHaMP), and the
average of all measurements was calculated to create a singular solar access value for each site.
The solar success metric is defined as the amount of site specific solar insolation available at the
location where the data were collected given the shade-causing obstructions, divided by the solar
insolation if there were no shading. For example, if there were no obstructions to solar radiation
at a site, the solar access value would be 100%. If the measured site was completely shaded all
year, then the solar access value would be 0%. Solar access values were available for all study
sites with the exception of the Middle Owens control site.
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The solar access metric for each site is shown in Table 6. Overall, the beaver influenced
sites show a slightly lower solar access value than the control site (Boundary). The Sunflower site
showed a solar access value of 83.1%, VIP showed 85.1%, Lower Owens showed 84.3%, while
Boundary showed a 90.2% solar access value. Throughout the John Day River watershed, the
solar access metric was measured by the CHaMP for >90 sites during the 2012-13 field seasons.
The solar access values measured at these sites ranged from 33-97%.

Table 3.6. The measured solar access metric for each site.
Sunflower
Boundary

VIP

Lower Owens

83.1%

90.2%

85.1%

84.3%

10/16/2012

10/17/2012

11/3/2013

11/13/2012

Solar Access
Date Collected

Analysis
The analysis was conducted at three scales: spatial, temporal, and spatiotemporal. At the
spatial scale, the thermal heterogeneity of stream temperature was analyzed at five different sites
within the Bridge Creek watershed at various snapshots in time. Thermal heterogeneity is defined
as the range of disparate temperature values recorded at a given site or over a given period of
time. Sites with greater thermal heterogeneity will show a larger range in temperature values
recorded than those with decreased thermal heterogeneity. This is shown throughout the study as
the maximum, minimum, average, standard deviation, and overall range in temperature recorded.
At the temporal scale, the thermal heterogeneity was analyzed over the deployment period at a
single temperature logger (the downstream extent temperature logger) at all sites. Lastly, at the
spatiotemporal scale, the heterogeneity of stream temperature was analyzed within all five sites
using temperature data recorded throughout the deployment period, at all temperature loggers.
In order to be able to make a valid and sound comparison of temperature values to each
other, for each site, the difference between the temperature value at the upstream boundary
temperature logger and the temperature value of the downstream temperature logger was
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calculated (∆T). The goal of this form of normalization was to allow for a comparison of
temperature values between reaches, in both space and time.
At the spatial scale, the heterogeneity of stream temperature in beaver influenced and
control reaches were analyzed through the creation of Digital Temperature Models (DTMs).
DTMs were constructed for each reach using the following workflow:
1. Create survey extent boundary polygon for each reach using topographic survey data that I
collected in 2012.
2. Organize temperature logger location data and associated temperature data for each logger
at diel peak and lows for selected days into a .csv file containing temperature logger data
and associated temperature data for a snapshot in time.
3. Load .csv file into ArcGIS.
4. Create TIN using data from steps 1 and 2. The ortho height (z value) at each logger point is
substituted with the associated temperature value.
5. Create raster using TIN created in step 4. The ortho height (z value) at each logger point is
substituted with the associated temperature value.
6. Raster symbology is classified into appropriate values and color scheme.
Analyzing temperature data using this method is unique in that temperature measurements
were taken just above the surface of the channel bottom, as opposed to other methods such as
thermal remote sensing (e.g. Torgersen et al., 1999) that measure stream temperature at the water
surface. Additionally, this method allows for the ability to investigate stream temperature at the
spatiotemporal scale, which no other developed method of measuring temperature is capable of.

RESULTS

Spatial Scale
Differences between the upstream and downstream extent temperature loggers (∆T),
suggest either no detectable net change or a scarcely detectable net change in temperature
throughout all beaver influenced reaches during the study period (Tables 7-9). The results of this
normalization show (Figures 4-8) that this net change is either scantily or not detectable because
the accuracy of both models of temperature loggers used in the data collection is ±0.2ᵒC. Because
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no net temperature changes were observed, comparisons of raw temperature values between
reaches could be made with no need for normalization.
At the spatial scale, the heterogeneity of stream temperature was examined at 12:00 PM
and 12:00 AM on a day that fell in the middle of the deployment period for each site pairing.
Within site pairing 1, the July 21 at 12:00 AM DTM (Figure 9) shows that overall the
heterogeneity of stream temperatures within each reach is very similar, however the majority of
temperatures (80%) observed in the Boundary reach were slightly (1.0 degree) cooler. Within
both reaches, >80% of the temperatures recorded were ‘above the optimum’ range (17.2 - 26.0°C)
for steelhead trout. At 12:00 PM (Figure 10), the heterogeneity of stream temperatures in the
Sunflower reach is larger than in the Boundary reach. However, 100% of the temperatures
recorded within both reaches fall within the ‘above optimum’ category at this time.
Within site pairing 2, the August 6 at 12:00 AM DTM (Figure 11) shows that overall the
heterogeneity of stream temperatures within each reach is very similar, however the majority of
temperatures (75%) observed in the Boundary reach were slightly (1.0 degree) cooler. Within
both reaches, 100% of the temperatures recorded within both reaches fall within the ‘above
optimum’ category at this snapshot in time. At 12:00 PM (Figure 12), the VIP reach contains
increased stream temperature heterogeneity than in the Boundary reach. Additionally, the
temperatures recorded in the VIP reach at this time contain mostly temperatures that fall within
the ‘above optimum’ range (96%), while the majority of temperatures (80%) recorded in the
Boundary reach fall within the ‘lethal or above’ (>26.0°C) range.
Within site pairing 3, the August 17 at 12:00 AM DTM (Figure 13) shows that the
heterogeneity of stream temperatures recorded in the Lower Owens is much greater than either of
the control reaches. Two locations of cool water upwelling downstream of BDS structures were
identified in the field, and are visible within Figures 13 and 14. The Lower Owens reach showed
2% of temperatures in the ‘below optimum’ range, 28% within the ‘optimum’ range, and 70% of
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temperatures in the ‘above optimum’ range. The Middle Owens reach showed 100% of the
temperatures within the ‘optimum’ range, while the Boundary reach showed 100% of
temperatures within the ‘above optimum’ range. At 12:00 PM (Figure 14), the heterogeneity of
stream temperatures in the Lower Owens reach is larger than in either of the control reaches. The
majority (96%) of temperature values recorded in the Lower Owens reach fall within the ‘above
optimum’ range, while in the Middle Owens and Boundary reaches, 100% of the temperatures
recorded fall within the ‘above optimum’ range.

Temporal Scale
I investigated the temperature values recorded for all sites over the entire deployment
period at the temperature logger located at the downstream extent of each site (Figure 15). The
data show that the thermal heterogeneity in the beaver influenced reaches (with the exception of
site pairing 1) is reduced in comparison with the control reaches. The results show that the daily
peaks and lows in the beaver influenced reaches occur approximately 30-60 minutes later than the
control reaches, presumably due to the increased hyporheic exchange caused by beaver dams.
Figures 16-21 show the same data from Figure 18, but are separated by site pairing to
make the differences within the data more visible. Figure 16 shows that temperatures recorded at
the Sunflower downstream extent logger are lagged in time behind the temperatures recorded at
the Boundary downstream extent logger. The diel peaks and lows recorded at the Sunflower reach
occur approximately 30 minutes later than what is recorded in the Boundary reach. When only 24
hours of temperature data is examined (Figure 17) from July 21, this lag in temperatures at the
peak and low of the Sunflower reach becomes quite visible.
Figure 18 shows that overall, the heterogeneity of temperatures recorded at the
downstream extent logger of the VIP site is less than that of the Boundary reach. The
temperatures recorded at the VIP downstream extent logger are also lagged in time behind the
temperatures recorded at the Boundary downstream extent logger. The diel peaks and lows
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0.25
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0.15
0.05
-0.05
-0.15
-0.25
-0.35
6/28/12 12:00 AM

7/8/12 12:00 AM

7/18/12 12:00 AM

7/28/12 12:00 AM

Figure 3.4. Net change in temperature observed in the Sunflower (beaver influenced) reach over the
deployment period (July 16-29). Values in this graph were calculated by subtracting temperature values
recorded at the downstream extent logger from the upstream extent logger. Negative values represent net
warming of stream temperature, while positive values represent net cooling.

0.9

Net Change

0.7
0.5
0.3
0.1
-0.1
-0.3
7/16/12 12:00 AM

7/26/12 12:00 AM

8/5/12 12:00 AM

8/15/12 12:00 AM

Figure 3.5. Net change in temperature observed in the Boundary (control) reach over the deployment period
(July 16- August 21). Values in this graph were calculated by subtracting temperature values recorded at
the downstream extent logger from the upstream extent logger. Negative values represent net warming of
stream temperature, while positive values represent net cooling.
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Table 3.7. Net change in stream temperature throughout the Sunflower and Boundary reaches
throughout the deployment period (July 16-29). Values within table represent the difference in
temperature between the upstream and downstream reach boundary temperature loggers over the
entire deployment period for each reach.
Average
Minimum
Median
Maximum
Difference
Difference
Difference
Difference
Sunflower
-0.06
-0.30
-0.10
0.29
(Beaver
Influenced)
Boundary
(Control)

0.01

-0.29

0.00

0.20

0.2
0.1

Net Change

0
-0.1
-0.2
-0.3
-0.4
-0.5
-0.6
8/1/12 12:00 AM

8/3/12 12:00 AM

8/5/12 12:00 AM

8/7/12 12:00 AM

8/9/12 12:00 AM

8/11/12 12:00 AM

Figure 3.6. Net change in temperature observed in the VIP (beaver influenced) reach over the deployment
period (August 1-11). Values in this graph were calculated by subtracting temperature values recorded at
the downstream extent logger from the upstream extent logger. Negative values represent net warming of
stream temperature, while positive values represent net cooling.
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Table 3.8. Net change in stream temperature throughout the VIP and Boundary reaches
throughout the deployment period (Aug 1-11). Values represent the difference in temperature
between the upstream and downstream reach boundary temperature loggers over the entire
deployment period for each reach.
Average
Minimum
Median
Maximum
Difference
Difference
Difference
Difference
VIP
-0.15
-0.58
-0.10
0.19
(Beaver
Influenced)
Boundary
(Control)

0.11

-0.10

0.10

0.59

0.6

Net Change

0.4
0.2
0
-0.2
-0.4
-0.6
8/13/2012 12:00

8/15/2012 12:00

8/17/2012 12:00

8/19/2012 12:00

8/21/2012 12:00

Figure 3.7. Net change in temperature observed in the Lower Owens (beaver influenced) reach over the
deployment period (August 13 - 21). Values in this graph were calculated by subtracting temperature
values recorded at the downstream extent logger from the upstream extent logger. Negative values
represent net warming of stream temperature, while positive values represent net cooling.
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Net Change

0.1
0

-0.1
-0.2
-0.3

-0.4
8/13/2012 0:00

8/15/2012 0:00

8/17/2012 0:00

8/19/2012 0:00

8/21/2012 0:00

Figure 3.8. Net change in temperature observed in the Middle Owens (beaver influenced) reach over the
deployment period (August 13 - 21). Values in this graph were calculated by subtracting temperature
values recorded at the downstream extent logger from the upstream extent logger. Negative values
represent net warming of stream temperature, while positive values represent net cooling.

Table 3.9. Net change in stream temperature throughout the Lower Owens, Boundary, and
Middle Owens reaches throughout the deployment period (Aug 13-21). Values represent the
difference in temperature between the upstream and downstream reach boundary temperature
loggers over the entire deployment period for each reach.
Average
Minimum
Median
Maximum
Difference
Difference
Difference
Difference
Lower Owens
-0.04
-0.48
0.00
0.38
(Beaver
Influenced)
Boundary
(Control)

0.25

-0.10

0.29

0.96

Middle Owens
(Control)

-0.02

-0.36

-0.02

0.14
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July 21, 2012 at 12:00 AM Digital Temperature Model (DTM)

Figure 3.9. (A) July 21, 2012 at 12:00 AM DTM of the Boundary Reach (control) and Sunflower Reach
(beaver influenced). Boundary DTM created from all 35 temperature loggers (93%) and Sunflower DTM
created from 68 temperature loggers (85%). The remaining temperature loggers were not included in the
DTM because they were found to either be buried or stranded out of water upon removal. (B) Relative
frequency of temperatures recorded on July 21, 2012 at 12:00 AM in the Sunflower and Boundary reaches.
(C) Stream temperature suitability categorization for steelhead trout on July 21, 2012 at 12:00 AM in the
Sunflower and Boundary reaches.
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July 21, 2012 at 12:00 PM DTM

Figure 3.10. (A) July 21, 2012 at 12:00 PM DTM of the Boundary Reach (control) and Sunflower Reach
(beaver influenced). Boundary DTM created from all 35 temperature loggers (93%) and Sunflower DTM
created from 68 temperature loggers (85%). The remaining temperature loggers were not included in the
DTM because they were found to either be buried or stranded out of water upon removal. (B) Relative
frequency of temperatures recorded on July 21, 2012 at 12:00 PM in the Sunflower and Boundary reaches.
(C) Stream temperature suitability categorization for steelhead trout on July 21, 2012 at 12:00 PM in the
Sunflower and Boundary reaches.
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August 6, 2012 12:00 AM DTM

Figure 3.11. (A) Aug 6, 2012 at 12:00 AM DTM of the Boundary Reach (control) and VIP Reach (beaver
influenced). Boundary DTM created from 35 of 47 temperature loggers (75%) and VIP DTM created from
72 temperature loggers (77%). The remaining temperature loggers were not included in the DTM because
they were found to either be buried or stranded out of water upon removal. (B) Relative frequency of
temperatures recorded on August 6, 2012 at 12:00 AM in the VIP and Boundary reaches. (C) Stream
temperature suitability categorization for steelhead trout on August 6, 2012 at 12:00 AM in the VIP and
Boundary reaches.
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August 6, 2012 12:00 PM DTM

Figure 3.12. (A) Aug 6, 2012 at 12:00 PM DTM of the Boundary Reach (control) and VIP Reach (beaver
influenced). Boundary DTM created from 35 of 47 temperature loggers (75%) and VIP DTM created from
72 temperature loggers (77%). The remaining temperature loggers were not included in the DTM because
they were found to either be buried or stranded out of water upon removal. (B) Relative frequency of
temperatures recorded on August 6, 2012 at 12:00 PM in the VIP and Boundary reaches. (C) Stream
temperature suitability categorization for steelhead trout on August 6, 2012 at 12:00 PM in the VIP and
Boundary reaches.
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August 17, 2012 12:00 AM DTM

Figure 3.13. (A) August 17, 2012 at 12:00 PM DTM of the Lower Owens reach (beaver influenced),
Middle Owens reach (control), and Boundary reach (control). Boundary DTM created from 35 of 47
temperature loggers (75%) and Lower Owens DTM created from 51 temperature loggers (85%). The
remaining temperature loggers were not included in the DTMs because they were found to either be buried
or stranded out of water upon removal. Middle Owens DTM created from 15 temperature loggers (100%).
There were no loggers found to either be buried or stranded out of water upon removal. (B) Relative
frequency of temperatures recorded on August 17, 2012 at 12:00 PM in the Lower Owens, Middle Owens,
and Boundary reaches. (C) Stream temperature suitability categorization for steelhead trout on August 17,
2012 at 12:00 PM in the Lower Owens, Middle Owens, and Boundary reaches.
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August 17, 2012 12:00 PM DTM

Figure 3.14. (A) August 17, 2012 at 12:00 PM DTM of the Lower Owens reach (beaver influenced),
Middle Owens reach (control), and Boundary reach (control). Boundary DTM created from 35 of 47
temperature loggers (75%) and Lower Owens DTM created from 51 temperature loggers (85%). The
remaining temperature loggers were not included in the DTMs because they were found to either be buried
or stranded out of water upon removal. Middle Owens DTM created from 15 temperature loggers (100%).
There were no loggers found to either be buried or stranded out of water upon removal. (B) Relative
frequency of temperatures recorded on August 17, 2012 at 12:00 PM in the Lower Owens, Middle Owens,
and Boundary reaches. (C) Stream temperature suitability categorization for steelhead trout on August 17,
2012 at 12:00 PM in the Lower Owens, Middle Owens, and Boundary reaches.
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recorded at the VIP reach occur approximately 60 minutes later than what is recorded in the
Boundary reach. When only 24 hours of temperature data is examined (Figure 19) from August 6,
this lag in temperatures at the peak and low of the VIP reach becomes very visible.
Figure 20 shows that the temperature heterogeneity recorded at the downstream extent
logger of the Lower Owens (beaver influenced) site is less than that of the control reaches. The
temperatures recorded at the Lower Owens downstream extent logger are also lagged in time
behind the temperatures recorded at the Boundary and Middle Owens downstream extent loggers.
The diel peaks and lows recorded at the Lower Owens reach occur approximately 30 minutes
later than what is recorded in the Boundary or Middle Owens reaches. When only 24 hours of
temperature data is examined (Figure 21) from August 17, this lag in temperatures at the peak and
low of the Lower Owens reach becomes very evident.

30.0
28.0
26.0
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Temperature (°C)

24.0
Sunflower

22.0
VIP

20.0
18.0
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Owens
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Owens

16.0
14.0
12.0
7/16/12 12:00 AM
7/26/12 12:00 AM
8/5/12 12:00 AM
8/15/12 12:00 AM
Figure 3.15. Temperature values recorded for all sites over the entire deployment period at the downstream
extent temperature logger.
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Figure 3.16. Temperature values recorded over the entire deployment period (July 16 at 5:00 PM – July 29
at 5:00 PM) at the downstream extent temperature logger for the Sunflower (beaver influenced) and
Boundary (control) sites.

28.0

Temperature (°C)

24.0

Sunflower

20.0

Boundary
16.0

12.0
7/20/2012 21:36

7/21/2012 9:36

7/21/2012 21:36

Figure 3.17. Temperatures recorded every 5 minutes during the 24 hours of July 21, 2012 at the
downstream extent logger within the Sunflower and Boundary reaches.
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Figure 3.18. Temperature values recorded over the entire deployment period (August 1 at 6:00 PM –
August 11 at 10:00 AM) at the downstream extent temperature logger for the VIP (beaver influenced) and
Boundary (control) sites.
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Figure 3.19. Temperatures recorded every 5 minutes during the 24 hours of August 6, 2012 at the
downstream extent logger within the VIP and Boundary reaches.
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Figure 3.20. Temperature values recorded over the entire deployment period (August 13 at 5:00 PM –
August 21 at 7:00 AM) at the downstream extent temperature logger for the Lower Owens (beaver
influenced), Boundary (control), and Middle Owens (control) sites.
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Figure 3.21. Temperatures recorded every 5 minutes during the 24 hours of August 17, 2012 at the
downstream extent logger within the Lower Owens, Middle Owens, and Boundary reaches.

70
Spatiotemporal Scale

Relative frequency of temperature values recorded at site pairings 1, 2, and 3
The relative frequency (i.e. percentage) of temperatures recorded throughout the
deployment period at each site is summarized in Figures 22-28. Within site pairing one, the
Sunflower (beaver influenced) and Boundary (control) sites (Figures 22 & 23) show similar
shaped distributions of temperatures recorded, however, the Sunflower reach shows a greater
range in temperatures recorded. The most frequently recorded temperatures at both sites were
approximately around 18 and 25°C.
Overall within site pairing two, the VIP site shows a smaller range, and therefore
decreased heterogeneity of temperature values recorded than the Boundary (control) reach
(Figures 24 & 25). The most frequently recorded temperatures at the VIP (beaver influenced) site
laid between 17-23°C, while the Boundary (control) site showed a more consistent spread of
temperatures recorded throughout the deployment period.
Within site pairing three, the Lower Owens (beaver influenced) site shows a much
smaller range of temperature values (heterogeneity) recorded throughout the deployment period
than the associated control sites (Figures 26-28). The Boundary and Middle Owens (control) sites
show larger range of temperature values, as well as similar shaped distributions.

Suitability of stream temperatures recorded during the deployment period
at site pairings 1, 2, and 3
The spatiotemporal data was categorized into temperature ranges that depict the
suitability for steelhead trout based off temperature criteria presented within Sullivan et al.
(2000). Figures 29 and 30 show that the percentage of temperatures recorded at the Sunflower
(beaver influenced) site that fell within the optimum range for steelhead trout was 14%, while the
Boundary (control) site showed this value to be 16%. Overall, the percentages in each category
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were very similar between the two sites, which are in line with the results shown in the
corresponding relative frequency histograms (Figures 22 & 23).
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Figure 3.22. Frequency of all recorded temperatures at the Sunflower (beaver influenced) site during the
deployment period of July 16 at 5:00 PM – July 29 at 5:00 PM.
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Figure 3.23. Frequency of all recorded temperatures at the Boundary (control) site during the deployment
period of July 16 at 5:00 PM – July 29 at 5:00 PM.
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Figure 3.24. Frequency of all recorded temperatures at the VIP (beaver influenced) site during the
deployment period of August 1 at 6:00 PM – August 11 at 10:00 AM.
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Figure 3.25. Frequency of all recorded temperatures at the Boundary (control) site during the deployment
period of August 1 at 6:00 PM – August 11 at 10:00 AM.
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Figure 3.26. Frequency of all recorded temperatures at the Lower Owens (beaver influenced) site during the
deployment period of August 13 at 5:00 PM – August 21 at 7:00 AM.
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Figure 3.27. Frequency of all recorded temperatures at the Boundary (control) site during the deployment
period of August 13 at 5:00 PM – August 21 at 7:00 AM.
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Figure 3.28. Frequency of all recorded temperatures at the Middle Owens (control) site during the
deployment period of August 13 at 5:00 PM – August 21 at 7:00 AM.
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Figures 31 and 32 show that the percentage of temperatures recorded at the VIP (beaver
influenced) site that fell within the optimum range for steelhead trout was 14%, while the
Boundary (control) site showed this value to be 13%. The Boundary site shows a significantly
higher percentage (12%) of temperature values that fell within the lethal range than the VIP site
(5%).
Figures 33-35 show that the percentage of temperatures recorded at the Lower Owens
(beaver influenced) site that fell within the optimum range for steelhead trout was 20%, while the
Boundary (control) site showed this value to be 20% and Middle Owens (control) was 19%.
However, Lower Owens shows zero recordings of temperatures in the lethal range, while
Boundary contained 15% of recorded temperatures in the lethal range, and Middle Owens showed
2%.

Range in temperature values over deployment period
Table 6 and Figure 36 show the minimum, maximum, average, and the range of recorded
temperatures for each reach throughout the entire deployment period. Lower Owens is the only
site whose maximum temperature recorded fell below the approximate upper incipient lethal
temperature for steelhead trout (26°C) (Sullivan et al., 2000). This was due to the two cool water
upwelling locations discovered. This site also contains the smallest range of recorded
temperatures. The Middle Owens reach (the most upstream site) showed the largest overall range
of the entire study.

Violin plots of temperatures recorded during the deployment period at all sites
Violin and boxplots were used to display the distribution of temperatures recorded
throughout the deployment period at each site pairing (Figures 37-39). Within site pairing 1, the
distribution of stream temperatures is very comparable between sites, however the overall
heterogeneity of temperature values recorded in the Sunflower reach was greater than in
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Optimum stream temperatures recorded during the deployment period at site pairing 1
5%
8%
14%

Below Optimum <15.5 °C
Optimum Range 15.5-17.2 °C
Above Optimum 17.2-26.0 °C
Lethal or Above >26.0 °C

73%

Figure 3.29. Frequency of temperatures recorded at the Sunflower (beaver influenced) site during the
deployment period of July 16 at 5:00 PM – July 29 at 5:00 PM categorized into cited temperature ranges
affecting steelhead trout.
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72%
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Figure 3.30. Frequency of temperatures recorded at the Boundary (control) site during the deployment
period of July 16 at 5:00 PM – July 29 at 5:00 PM categorized into cited temperature ranges affecting
steelhead trout.
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Optimum stream temperatures recorded during the deployment period at site pairing 2
5% 3%
14%

Below Optimum <15.5 °C
Optimum Range 15.5-17.2 °C
Above Optimum 17.2-26.0 °C
Lethal or Above >26.0 °C

78%

Figure 3.31. Frequency of temperatures recorded at the VIP (beaver influenced) site during the deployment
period of August 1 at 6:00 PM – August 11 at 10:00 AM categorized into cited temperature ranges
affecting steelhead trout.
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Figure 3.32. Frequency of temperatures recorded at the Boundary (control) site during the deployment
period of August 1 at 6:00 PM – August 11 at 10:00 AM categorized into cited temperature ranges
affecting steelhead trout.

77

Optimum stream temperatures recorded during the deployment period at site pairing 3
0%
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Below Optimum <15.5 °C
Optimum Range 15.5-17.2 °C
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Above Optimum 17.2-26.0 °C

20%

Lethal or Above >26.0 °C

Figure 3.33. Frequency of temperatures recorded at the Lower Owens (beaver influenced) site during the
deployment period of August 13 at 5:00 PM – August 21 at 7:00 AM categorized into cited temperature
ranges affecting steelhead trout.
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Figure 3.34. Frequency of temperatures recorded at the Boundary (control) site during the deployment
period of August 13 at 5:00 PM – August 21 at 7:00 AM categorized into cited temperature ranges
affecting steelhead trout.
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Figure 3.35. Frequency of temperatures recorded at the Middle Owens (control) site during the deployment
period of August 13 at 5:00 PM – August 21 at 7:00 AM categorized into cited temperature ranges
affecting steelhead trout.
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Table 3.10. Minimum, maximum, average, and range in temperatures recorded in each reach
throughout the entire deployment period. Temperature loggers that were found either buried or
stranded out of water upon removal were not included in this analysis. Maximum temperature
values highlighted red indicate temperature values above 26°C.
Site
Minimum
Median
Maximum
Average
Range in
(Deploymen Temperatur Temperatur Temperatur Temperatur temperatur
t Period)
e (°C)
e
e (°C)
e (°C)
e (Max(°C)
Min)
Sunflower
10.91
20.29
31.64
20.50
20.73
July 16-29
Boundary
July 16-29

12.78

19.7

27.55

20.09

14.78

VIP
August 1-11

14.19

20.75

29.24

20.71

15.05

Boundary
August 1-11

13.21

20.13

29.41

20.56

16.21

10.83

17.44

23.91

17.74

13.08

33.57

20.69

20.49

37.84

18.69

24.15

Lower
Owens
August 1329
Boundary
August 1329
Middle
Owens
August 1329

13.09

20.01

17.82
13.69
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Figure 3.36. Minimum, median, maximum, average, and range in temperatures recorded in each reach
throughout the entire deployment period. Error bars represent the Standard Deviation. Temperature loggers
that were found either buried or stranded out of water upon removal were not included in this analysis.

Boundary (Figure 37). Within site pairing 2, the shapes of the distributions are clearly different
(Figure 38). The Boundary reach contains a higher proportion of temperatures recorded below
20°C and a slightly larger range of recorded temperatures in comparison to the VIP reach. Within
site pairing 3 (Figure 39), the shape of the distributions at all three sites differ from one another.
Lower Owens shows the smallest range in temperatures recorded, while Middle Owens shows the
largest range, although there are an increased number of outliers within the Middle Owens
temperature dataset.
DISCUSSION

Previous studies investigating the effect of beaver dams on stream temperature lack
adequate quantitative data collection and analysis within appropriate spatial and temporal scales
to be able to reach relevant and useful conclusions (Gibson and Olden, 2014; Kemp et al., 2012).
The temporal and spatial scales considered within previous studies widely vary causing
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Figure 3.37. Violin and boxplot of the distribution of temperatures recorded throughout the deployment
period of July 16 at 5:00 PM – July 29 at 5:00 PM in the Sunflower and Boundary reaches. The boxplot
shows the median (indicated by the white dot), the first through the third interquartile range (the thick, solid
vertical black band), the minimum point to the 25th percentile (the thin vertical line below the black band),
the 1.5xIQR range (the thin vertical line above the black band), and the outliers (indicated by a black dot).
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Figure 3.38. Violin and boxplot of the distribution of temperatures recorded throughout the deployment
period August 1 at 6:00 PM – August 11 at 10:00 AM in the VIP and Boundary reaches. The boxplot
shows the median (indicated by the white dot), the first through the third interquartile range (the thick, solid
vertical black band), the minimum point to the 25th percentile (the thin vertical line below the black band),
the 1.5xIQR range (the thin vertical line above the black band), and the outliers (indicated by a black dot).
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Figure 3.39. Violin and boxplot of the distribution of temperatures recorded throughout the deployment
period of August 13 at 5:00 PM – August 21 at 7:00 AM in the Lower Owens, Middle Owens, and
Boundary reaches. The boxplot shows the median (indicated by the white dot), the first through the third
interquartile range (the thick, solid vertical black band), the minimum point to the 25th percentile (the thin
vertical line below the black band), the 1.5xIQR range (the thin vertical line above the black band), and the
outliers (indicated by a black dot).
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inconsistent conclusions regarding beaver dam impacts on stream systems (Kemp et al., 2012).
This study quantitatively evaluated the effect of natural and artificial beaver dams on the
heterogeneity of stream temperature over three scales and at a resolution that few others have
shown in the literature.
Variation in stream temperature that can occur with season and location is driven by a
variety of factors, such as solar radiation, convection, conduction, evaporation, condensation,
geology, substrate, changes in water table. I cannot conclude from this study that the differences
in stream temperature in beaver influenced vs. control reaches are solely due to beaver dams.
However, this study does provide one of the most quantitative investigations of the effect of
beaver on stream temperature to date.
The spatial scale results suggest that the heterogeneity of stream temperatures is
increased in the beaver influenced reaches at 12:00 PM on days studied (Figures 9-14). At all
three site pairings, the beaver influenced reaches showed greater thermal heterogeneity than the
control reaches. However, at other times of the day, e.g. 12:00 AM, this increased heterogeneity
was not present, and no clear pattern emerged. This may be due to the effect of beaver dams on
streamflow through ponds (i.e. increased residence time), creating overflow side channels, of
which this complexity may lead to increased thermal heterogeneity at certain times of the day,
e.g. 12:00 noon, when the diel flux is on the upswing.
Preceding studies have shown both an increase and decrease in stream temperatures
below beaver dams (McRae and Edwards, 1994; White, 1990). This study found that there was
either a scarcely detectable net change or no detectable net change in stream temperature in all
beaver influenced and control reaches. Like many previous studies have done (Alexander, 1998;
Gard, 1961; Talabere, 2002), if I had collected larger scale measurements only, (for example,
measuring temperature once at the upstream and downstream boundaries of the reach), the
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variability in stream temperature in beaver influenced reaches at the spatial scale would not have
been captured.
At the temporal scale, the temperature data from the downstream temperature logger at
each site shows that the diel peak is either dampened and/or or slightly lagged in beaver
influenced reaches, due to presumably increased hyporheic exchange due to beaver dams (Figure
15) (Lautz and Siegel, 2006). For reaches where the diel peak was dampened (VIP and Lower
Owens), this means that beaver influenced reaches overall are not getting nearly as warm as
reaches without the influence of dams, and therefore actually have decreased thermal temporal
heterogeneity in comparison to the control reaches. This dampened diel cycle observed in two of
the three beaver influenced reaches indicates that stream sections containing beaver dam
complexes may provide critical rearing habitat for ESA-listed steelhead trout during warm
summer months in Bridge Creek.
At the spatiotemporal scale, no clear pattern in stream temperature heterogeneity
emerged. When looking at the relative frequency of temperatures recorded within site pairing 1,
the Sunflower reach overall contains greater thermal heterogeneity in comparison with the
Boundary reach, however the majority of the temperature values recorded show a very
comparable distribution (Figures 22 & 23). In site pairing 2, the distributions of temperatures are
clearly different. Within the VIP reach, 95% of temperatures recorded fell below the lethal range
for steelhead trout (<26°C), while in the Boundary reach 88% of temperatures fell below this
range (Figures 24 & 25). In site pairing 3, the distributions are different, however in both the
Lower Owens and Middle Owens reaches, 100% of the stream temperatures fell below the lethal
range for steelhead trout (<26°C), while in the Boundary reach 84% of temperatures fell below
this range (Figures 26-28).
As stated previously, White (1990) described a distinguishable upwelling of cooler
porewater from deeper in the substrate and a sharp pressure decrease immediately downstream
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from beaver dams. And in an unpublished study, McGraw (1987) also documented upwelling of
groundwater downstream of the two study dams. This study showed that upwelling of cooler
water downstream of beaver dams to be variable. A clear pattern of cool water upwelling
downstream of two beaver dams in the Lower Owens site was visible in the field and within the
DTMs at both 12:00 PM and 12:00 AM, and at all times in the deployment period, however this
upwelling was not visible in the other beaver influenced reaches. Based on these results, it is
apparent that the upwelling patterns found in Bridge Creek are not solely caused by beaver dams
or BDS structures alone. The story is more complex than that, and factors not considered within
the scope of this study such as local groundwater elevations, bedrock, bed material, and location
of beaver tunnel networks may also be contributing drivers to cool water upwelling downstream
of beaver dams.
Majerova et al (in review) argued that in a given locality or under specific circumstances,
the patterns of increasing variability in stream temperatures should create and maintain more
heterogeneous habitat that has a greater probability of providing multiple niches and supporting
greater biodiversity. If such is the case, then the results of this study provide important
information regarding the management of ESA-listed steelhead trout residing in the watershed.
The new method (the DTM) for analyzing stream temperature presented in this study
proved to be an economical and valuable way to examine stream temperature spatially,
temporally, and spatiotemporally. One of the biggest challenges in using this method was that due
to the high fine sediment load found within Bridge Creek even during low summer flows, the
stream conditions were conducive to loggers getting buried in the sediment. This was then
compounded by the fact the beaver were actively using the study reaches, stirring up more
sediment that further buried temperature loggers, thus reducing the number of points that could be
used to create the DTMs.
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CONCLUSIONS

This study provides one of few quantitative analyses to date investigating the effect of
natural and artificial beaver dams on instream thermal heterogeneity. Through these patterns of
presumed increased hyporheic exchange observed at Bridge Creek during summer months, I have
found that at the spatial scale, thermal heterogeneity is increased in beaver influenced reaches
during the warming portion of the diel cycle, and is especially pronounced at 12:00 PM. At the
temporal scale, the data show that the temperatures recorded are either dampened or slightly
lagged in beaver influenced reaches in comparison with the control reaches. At the spatiotemporal
scale, no clear pattern in stream temperature heterogeneity emerged in all three site pairings;
however the distributions of the stream temperature datasets in beaver influenced reaches differed
in comparison to the control reach datasets. A clear pattern of cool water upwelling downstream
of two beaver dams in the Lower Owens beaver influenced site was visible in the field and within
the dataset at all times throughout the deployment period, though this upwelling was not visible in
the other two beaver influenced reaches. The results of this study indicate that stream sections
containing beaver dam complexes may provide critical rearing habitat for ESA listed steelhead
trout (Oncorhynchus mykiss) during warm summer months in semiarid Bridge Creek when stream
temperatures often exceed lethal limits.
Future work should incorporate greater replication at the spatial scale. This study was
limited in that only five sites were included. To fully understand the effects of beaver dams on
stream temperature, it would be useful to quantify these effects at spatial, temporal, and
spatiotemporal scales across streams of varying order, at differing landscape types, and for multiseasonal time periods.
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CHAPTER 4
CONCLUSIONS
A major factor causing the reduced abundance and distribution of Pacific salmonids is the
loss and degradation of instream habitat. In response to this, efforts to restore instream habitat
have increased, and the field of watershed restoration has burgeoned over the last 35 years. Thus,
it is critical that the effectiveness of newly developed restoration methods whose aims are to
improve instream habitat conditions for listed Salmonid species be studied, especially given that
guiding scientific theory in this field is often underdeveloped, and restoration activities often
precede field verification of methods (Palmer, 2009).
Furthermore, quantitative studies investigating the effects of beaver on stream channel
complexity and thermal heterogeneity are lacking. There have been a number of review papers
highlighting the knowledge gaps in the literature in regard to the effects of beaver dams. In a
study reviewing the hydrogeomorphic effects of beaver dam-building activity, Gurnell (1998)
found that the geomorphic consequences of beaver dams have not been widely considered in the
literature, and further information is needed to elucidate under which conditions beaver dams may
cause various types of geomorphic change (for example, aggradation and incision). Similarly,
there are very few studies that quantitatively assess the effects of beaver dams on stream
temperature. Kemp (2012) found that 90.9% of studies stating that beaver altered the temperature
regime in a negative way were speculative. Additionally, the temporal and spatial scales
investigated within individual studies widely vary causing inconsistent conclusions regarding
beaver dam impacts on stream systems (Kemp et al., 2012).
In response to these knowledge gaps, this study evaluated the effect of natural beaver
dams and artificial beaver dam structures on stream channel complexity and thermal
heterogeneity. Additionally, the effect of beaver dams on thermal refugia will be assessed by
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comparing differences in thermal heterogeneity in areas containing beaver dams and restoration
structures with areas that do not contain any beaver activity.
In Chapter 2, I studied the effect of beaver dams on stream channel complexity at the
spatial scale. I investigated how beaver dams influenced habitat heterogeneity by comparing
topographic data in stream reaches receiving artificial beaver dam restoration treatments with
reaches receiving no restoration treatment (control). The results from Chapter 2 suggest that
reaches under the influence of natural beaver dams or artificial beaver dam structures showed
overall increased channel complexity. These reaches showed a greater diversity and number of
geomorphic types and larger average area of pools, demonstrating that beaver dams increase
stream channel complexity.
In Chapter 3, I studied the role of natural and artificial beaver dams in shaping the
thermal heterogeneity in a central Oregon stream during summer months. Using stream
temperature data from 140 temperature loggers deployed in three pairs of beaver influenced and
control reaches varying from 90-240 meters in length, we studied stream temperature at temporal,
spatial, and spatiotemporal scales. The results from Chapter 3 suggest that at the spatial scale and
at all three site pairings, the heterogeneity of stream temperatures is increased in the beaver
influenced reaches at 12:00 PM on days studied (Figures 9-14). At the temporal scale, the data
show that stream temperatures are either dampened or slightly lagged in beaver influenced
reaches in comparison with the control reaches. At the spatiotemporal scale, no clear pattern in
stream temperature heterogeneity emerged in all three site pairings, however the distributions of
the stream temperature datasets in beaver influenced reaches differed in comparison to the control
reach datasets. A clear pattern of cool water upwelling downstream of two beaver dams in the
Lower Owens beaver influenced site was visible in the field and within the dataset at all times
throughout the deployment period, though this upwelling was not visible in the other two beaver
influenced reaches. The results of this study indicate that stream sections containing natural and
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artificial beaver dam complexes may provide critical rearing habitat for ESA-listed steelhead
trout during warm summer months within this semiarid watershed when stream temperatures
often exceed lethal limits.
This study has increased our understanding of the effect of this restoration technique and
natural beaver dams from a physical habitat and thermal perspective. Increasing our knowledge of
the effects of beaver dams on stream temperature and instream habitat could have profound
implications for the ESA listed steelhead trout rearing in Bridge Creek throughout the warm
summer months when stream temperatures often exceed lethal limits and the amount of available
habitat is limited, a common scenario throughout the west.
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APPENDIX A: CHAPTER 2 SUPPORTING DATA

Figure A1. Zone of Influence classification of the Sunflower restoration treatment reach.
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Figure A2. Zone of Influence classification of the Corral control reach.
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Figure A3. Zone of Influence classification of the Pats Cabin restoration treatment reach.
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Figure A4. Zone of Influence classification of the Boundary control reach.
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Figure A5. Zone of Influence classification of the Meyers Camp restoration treatment reach.
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Figure A6. Zone of Influence classification of the Woodward control reach.
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Figure A7. Zone of Influence classification of the Lower Owens restoration treatment reach.
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Figure A8. Zone of Influence classification of the Upper Owens control reach.
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APPENDIX B: CHAPTER 3 SUPPORTING DATA

Temperature and streamflow at the watershed scale
Based on the results shown in Figure 22, it appears that as streamflow decreases, the
temperature also tends to decrease.
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Figure B1. Streamflow (cfs) at each of the study sites and the average temperature recorded at
each site at the time of flow measurement.
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Streamflow and stage at the watershed scale
Based on results shown in Figure 22, it appears that as stage decreases, flow also
decreases.
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Figure B2. Stage at the time of streamflow measurement at the Boundary (control), VIP (beaver
influenced), and Lower Owens (beaver influenced) sites. Note that the Sunflower (beaver
influenced) site is not included in this analysis because the USGS gauge was not collecting that
information during that time window.
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Net change in temperature between reaches
Table B1. The average, minimum, median, and maximum difference in temperature between the Sunflower
(beaver influenced) and Boundary (control) sites. Values in this table were calculated by subtracting
temperature values measured in the Sunflower reach from temperature values measured in the Boundary
reach.

Net Change in
Temperature
(BoundarySunflower)

Average
Difference

Minimum
Difference

Median
Difference

Maximum
Difference

-0.38

-1.81

-0.48

1.06

Table B2. The average, minimum, median, and maximum difference in temperature between the VIP
(beaver influenced) and Boundary (control) sites. Values in this table were calculated by subtracting
temperature values measured in the VIP reach from temperature values measured in the Boundary reach.

Net Change in
Temperature
(Boundary-VIP)

Average
Difference

Minimum
Difference

Median
Difference

Maximum
Difference

-0.04

-2.14

-0.75

3.83

Table B3. The average, minimum, median, and maximum difference in temperature between the VIP
(beaver influenced), Boundary (control), and Middle Owens (control) sites. Values in row 1 of the table
were calculated by subtracting temperature values measured in the Lower Owens reach from temperature
values measured in the Boundary reach. Values in row 2 of the table were calculated by subtracting
temperature values measured in the Lower Owens reach from temperature values measured in the Middle
Owens reach.

Net Change in
Temperature
(BoundaryLower Owens)
Net Change in
Temperature
(Middle Owens
– Lower Owens)

Average
Difference

Minimum
Difference

Median
Difference

Maximum
Difference

3.11

1.15

2.38

6.88

0.58

-0.70

0.25

2.57
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Climate data
Detailed climate data (air temperature, precipitation, humidity, wind speed, etc.) for the study can
be accessed by copying and pasting the following link into your internet browser:
https://etal.egnyte.com/h-s/20140423/2CDOAtjPsj

