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EXECUTIVE SUMMARY

New technologies are emerging that enable researchers to measure physical environments and habitats at
increasindy fine scales anaver wide extents. Measurement of physical conditions at fine scales contributes to
the understanding ohow organisms usetheir environment. Most importantly, measurement can now take place

at the scaleindividual organisra actually utilize their habitallowing for the understanding of subtle differences

in mechanistic habitat use. The technologies @ugd-based LIiDARAKA terrestrial laser scannimgTLS) Total
Station(TS) and rtkGPS have been used to measure thstieam and riparian environments of Spawn Creek and
Right Hand Fork in the Logan River watershed in neadern Utah.

In Spawn Crek, these technologies have been used to acqbigh resolutiontopographicdata over a 2500 m
reachbeginning at its confluence with Temple Forbata vas gathered in the fieldnd converted to a UTM12
coordinate systenusing established ground controbordinates The combination ofotal StationrtkGP$and

ground based LiDAR have been used to create models of bathymetry and topography. This data has the potential
to be further used in one and two dimensionalMionodels andyeomorphicchange detedgobn. It can also be used

to classify microhabitats used by organisms through the evaluation of metrics such as stream width, channel slope,
water surface slopg;over elements, and valley constriction.

In Right Hand Fork, similar data was gathered av&00 m section composed of a significant beaver complex.
Data in this stream was again used to create models of bathymetry and topographlhyis comple& environment
these models not only allow for flow modeling and change detection, but enhance ralgrstanding of how
beavers engineer their environmentMetrics such as dam height, dam length, difference in water surface
elevations, and the presence or absence of side chanoais all be derived from these datasets to help
guantitatively characterizebeaver habitats. These metrics also allow for further study into how beaver altered
environments affect irstream fauna.Change detection in beaver engineered environments also provides a before
and after picture of beaver occupation or abandonment aita.

Future work with this spatial data inclugéts incorporation into a study on the differences in habitat use between
native Bonneville cutthroat trout and invasive brown trout and brook trout. The fine scale of the data creates the
opportunity to evaluate habitat use of these three species at a microhabitat level. The data will also be used to
evaluate beaver dam effects on the movements these species and whether beaver dams facilitate species
segregation.
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INTRODUCTION

The US Forest & NIJ AplarS @déd project decisions often rely on accurate and precise descriptions of landscape
features. The technologies used to collect these data are rapidly evaiwonstad and Marcus, 2010Qane and
Chandler, 2008 Currently most remote sensing data a@@rborneand are acquiredat too coarse a resolution to
be useful for all decision®angenet al,, 2010. By contrast, muclof the datatraditionally collectedby ground
based crews consists of the simple measuremenattributes at a sample of locations within a stream reach
crosssection (e.g. Heitkeet al, 201Q. Suchdata is coarsein resolutionwith an isolated extenand may not
represent an entire stream systemFinescale grounebased measuremerg and analyses areeeded to fully
understand the processes affecting landforms and organisms in these small sy$terascale measurement also
provides the ability to analyze systems at a scale relevant to individual organiBimset al, 201Q. Where
traditional methods have been able tesolvehabitat units at the reactscale, fine scale measurements have the
capability toreveal patternsat the microhabitat scale.New remote sensing technologies are now emerging such
as groundbased LiDaRnd rtkGP$Heritage and Hetherington, 200Hodgeet al, 2009 Milan et al., 2007 U.S.
Geological Survey, 20p@&vhichpermit fine-scale casus of stream habitatsThe amount of data and the detail of
that datausing grounebased remote sensing kiathe potential toevaluate aquatic systems at a scale providing
more in depth knowledge of the physical environment and processes in aquatioemeénts.
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Raw Point Cloud
Data (x,y,2)

Survey Targets for
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of-Point Clouds

Field Setup w/
Laptop & Generator

Figurel - Components of a Groun@ased LiDaR field setup for a stream survey. Example here shown for a bedrock river using
ScanStatior? Terrestrial Laser Scanner.

The purpose of thiseport is tosummarize the dat@ollected as part od coopeaative agreemenbetween the US
Forest Service(USFS)Rocky Mountain Research StatiofRMRS) y R ! (i K { {4 G(8SU)! y A @S NE
Ecogeomorphology and TopograpRinalysis LatEFAL) and explain hovsuch datawill be used toevaluatethese
technologies for characterizing-stream habitat. The purpose of the project was to collect data using greund
based LiDaR that could be comparagainst traditional habitasanpling approaches. This data is being used in
ongoing studies and a masters research project (by the first authodetive multi-scalarstream attributesand
reveal whatexactly can be derived from these differefigld methods This data was leveraged &m NSF NCALM
(National Center for Airborne Laser Mapping) seed grant proposal, whichwasled In the summer of 2011, an
airborne LiDaR flight will be flown by NCALM, so that all three monitoring methodologies diedity compared
(i.e. airborne DaR, groundbasedsurveys (including TLS, TS & GRS)traditional habitat samplinf.e. tape &
level). These data are important to thgSF®ecausewe canuse their intercomparisonto provide guidance on
approachedor monitoring habitatthat can beused in specific situations
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STUDY SITESLOGAN RIVER WATERSHE

The Logan River Watershddcated in the UintatWasatch Cache National Forest of Utah, was selected for study
sites due to logistical convenience and to maximize the utility of the dalteated for supporting other ongoing
research projects in the basin underway between REIRSUSUand the Utah Divisiorof Wildlife Resources
(Figure 2.

l-—-—"- :/ / ,vv‘/ - ?
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1 7 NATIONAT FOREST.

i

Temple Fork Watershed
Right Hand Fork Watershed
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Figure2 ¢ Study Site Vicinity (A) and Location maps (B & C). Thedtudy reaches were located on Right Hand Fork and Spawn Creek.

We initially planned on surveying 20 short (i.e. < 200 m long reaches) spread throughout the watershed, but later
decided to focus our efforts on two areas of larger extent and that spanmedi@e of challenges typically present

in the monitoring of small streams. Spawn Creek, a tributary to Temple Fork within the Logan River Watershed,
was chosen because it is the focus of ongoing research by USU and RMRS as well as being the siteaté large s
stream restoration effort through cattle exclosure fencinghe study area at Spawn Creek included a 2500 m
portion with a large beaver complex in its upper reaghmajor beaver dam complex at Right Hand Fork alss
selected for its roadside acssibility and irstream habitat complexity created by beavéedogisticalchallenge in
traditional stream habitat monitoringlue to multiple channels and complex geométryThe study site at Right

Hand Fork consisted of a 3@®reach containing a mugiie channel network with at least five beaver dams.

SPAWN CREEK STUDXGRE
Spawn Creelis a tributary of Temple Fork whidh a leftbank tributarythe Logan River in north eastern Utah

(Figure 3) It flows through amountainous valley with a mix afagdrush and aspen covgFigure 4)and basin
relief of 500 m spanning amrlevation range of 800 m to 280 m. Most of the Spawn Creek studgeach is
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relatively steep §verage slope of 0.06&and could becharacterized aa steppool habitat using the Montgmery

and Buffington(1998 classification There are some shorter reachesth lower stream gradieninterspersed
wherethe streammight be characterizegool-riffle. The annual hydrograph of Spawn Creek consists of high flows
dominated by spring snow melt and stable base flows fed by springs (Siedel 2009). Land use practices from cattle
grazing have affected the quality of-stream habitat up until 2006 whenreexclosure fence was built to protect
over 3 km ofriparian area. The exclosure was designed to protect spawning habitats of the native Bonneville
cutthroat trout (Oncorhynchus clarki Utah)Beavers have also construdtenumerous dams along in the upper
reaches of Spawn CredFigure 5) The heterogeneous imstream environment in Spawn Creek supports the
physical and biological needs of Bonneville cutthroat trout, brown t(&aimo truttg, and brook trout(Salvelinus
fontinalig. Cutthroat and brown trout are normally found throughout the Spawn Creek while brook trout stay in
the upper reaches, primarily in beaver ponds.

Major Beaver
Dam Complex

X —
\_:\ & Spawn Creek

b .:.\\ Trailhead

| | Spawn Creek Watershed
/ D Temple Fork Watershed

[ | | I | | | | | | |
0 1 2 3 4 5 Kilometers 0 250 500 750 1,000 Meters

Figure3 ¢ A) Location of Spawn Creek Study Reach within Temple Réakershed overlaid on hillshade derived from 30m USGS DEM. B)
Survey extents of 2.1 km study reach overlaid on 2006 high resolution orthophoto from Utah GIS Portal.
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Figure 4¢ Photographs looking upstream at Spawn Creek in middle of study reach.
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Figue 5¢ Photographs looking at beaver dam complex in upper portion of Spawn Creek study reach.

RIGHT HAND FORK SYBREACH

The Right Hand Forlwatershed is also a lefiank tributary to the Logan River, but enters some 10 km
downstream from the Temple HorConfluenceThis reachs similar in gradient to Spawn Creekhe relief in the

Right Hand Fork watershed is 500 m armvers an elevation range of 1600 m to 2100 ithe studyreachis
located in the lower quarter of Right Hand Fork about 3 km upstréam the Logan River conflueneg an
elevation of approximately 1670 iifrigure 6) Poolriffle sequences are more common in Right Hand Fork while
step-pools are present but less frequent than in Spawn Creek. The saaty itself consists of an exteive
beaverdam complex The site was chosen because of the challenges it presents from a stream habitat monitoring
perspective.At least 16dams create and highly heterogeneoussineam environment consisting of long, slow
ponds, plunge pools, and riffleall in multiple channel@~igures 7 & 8)Some of the dams span small channels and
are only a few meters long, whereas four of the dams span at least 25% of the valley bottom and range in
approximate length o meters to 50 metersWhile efforts to rentroduce native Bonneville cutthroat trout have
taken place, this reach of Right Hand Fork primarily consistevasivebrown trout.
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Dam Complex
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Figure 6¢ A) Location of Right Hand Fork Study Reach within Right Hand Fork Watershed overlaid on hillshade dienue20m USGS DEM.
B) Survey extents of study area covering a large persistent beaver dam complex overlaid on 2006 high resolution orthopinotdtah GIS
Portal.
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Figure % Upper portion of Right Hand Fork study reantsummer.Beaver dam compleis somewhat obscured by thick riparian vegetation
and extends upstream and downstream throughout entire length of riparian corridor shown in fim®areas of open water).

Figure 8¢ Lower portion of Right Hand Fork study reach, showing beaver dam lm(pote areas of open water) & extensive riparian
vegetation inearly spring
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METHODS

FIELODATA ACQUISTION

‘SURVE\CONTROL

Groundsurveycontrol networks were established aSpawn Creeknd Rigit Hand Fork to facilitateesurvey work
and change detectioranalyses. Additionally, at Spawn Creek, GPS was ugedosition all surveydata
appropriatelyso that it would overlay reasonably accurately @ISwith other existingdatasets All spatial datan
Spawn Creekas been projected into the UTM Zon2N, NAD 1983 projectionThe data from Right Hand Fork
remans in an assumed locabordinate system.

t NAYFNE O0SYOKYINJa O2yaiaidaAy3d sweie shpdegiddly placeddtolby physigaliy Y LIS R
stable, to maximize satellite visibility f@PSoccupation to be intervisible for total station utilization and to be
conveniently located. Control point locations were positioned to provide good lines ofaightoveragdor total

station and TLS setups and irtgsibility to at least two othecontrol points to accommodate traversing.

At Spawn Creek, leeica 1200 GPS base station with Pacific Crest radio (for transmittingmeatinematic (RTK)
differential corrections to the rover) was established over CP101 near the confluence of Syeakrad Temple
Forkto collect RTK dath ! & A YL § WKSNBQ T At deking the lechtiprmof tidelbaise sfaficB. R A y A
The base station was set to log observations for the entire duration of the sufvdyeica 1200 GPS rover
operating in HK mode was used to occupy as many benchmarks as possible. A Leica 1203+ Total Station was used
to traverse through the benchmarks arid both systems.

Figure 9 (left)- The control network in Spawn Creek was surveyed with a L
System 1200 rtkGPS to allow transformation of all collected data into the UTM .
12N, NAD 83 projection.

BATHYMETRY

!See pos{processing section.
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Spawn Creek and Right Hand Fork. In Right Hand Fork a total station was used because of the extensive riparian
vegetation and confined valley setting which could have led to multipath errors. An rtkGPS would have worked
well for 80% ofSpawn Creek, but a total station would be necessary for particular segments and was required for
the TLS survey. As such, the Spawn Creek Survey was also conducted with a total station. An extendible 4 meter
high rod was helpful in allowing an expandeatkelof-sight range in areas of thick riparian vegetation. The prism
could be raised above the height of much of the riparian vegetation to allow measurement from the total station.
The bathymetric surveys were conducted to capture the major grade brakésgaomorphic units (e.g. pools,

bars, etc.) within the channel. Point spacing was semgular (1 point every -2 meters) featurebased
morphologically stratified sampling schert®ouweset al., 2011 Wheaton, 2008 Point densities varied spatially

with higher point densities (e.g.-2 points/nf) in topographically complex areas and lower point densities in
topographically simple areds.g. Figure 10)An average point densftpf 1.43 points/nf was achieved for Spawn

Creek and an average point density of 0.78 poinfsﬁm the Right Hand Fork beaver dam complex.

2Groundbased surveys in most wadeable rivers and streams adequately represent the topography when average point
densities are in the 0.2 to 0.5 points?nrange. High point densities for such surveys are typically those in excessiots‘lrpf)
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Figure 10; Example of topographicallgtratified semiregular point sampling scheme used to survey bathymetry. A) Bathymetry |
locations in a middle reach of Spawn Creek overlaid on aerial photography. B) The distribution of bathymetry points ovEptver
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