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EXECUTIVE SUMMARY 

New technologies are emerging that enable researchers to measure physical environments and habitats at 

increasingly fine scales and over wide extents.  Measurement of physical conditions at fine scales contributes to 

the understanding of how organisms use their environment.  Most importantly, measurement can now take place 

at the scale individual organisms actually utilize their habitat allowing for the understanding of subtle differences 

in mechanistic habitat use.  The technologies of ground-based LiDAR (AKA terrestrial laser scanning ς TLS), Total 

Station (TS), and rtkGPS have been used to measure the in-stream and riparian environments of Spawn Creek and 

Right Hand Fork in the Logan River watershed in north eastern Utah.   

In Spawn Creek, these technologies have been used to acquire high resolution topographic data over a 2500 m 

reach beginning at its confluence with Temple Fork.  Data was gathered in the field and converted to a UTM12 

coordinate system using established ground control coordinates.  The combination of Total Station, rtkGPS, 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 dimensional flow models and geomorphic change detection.  It can also be used 

to classify microhabitats used by organisms through the evaluation of metrics such as stream width, channel slope, 

water surface slope, cover elements, and valley constriction.   

In Right Hand Fork, similar data was gathered over a 300 m section composed of a significant beaver complex.  

Data in this stream was again used to create models of bathymetry and topography.  In this complex environment, 

these models not only allow for flow modeling and change detection, but enhance our understanding of how 

beavers engineer their environment.  Metrics such as dam height, dam length, difference in water surface 

elevations, and the presence or absence of side channels can all be derived from these datasets to help 

quantitatively characterize beaver habitats.  These metrics also allow for further study into how beaver altered 

environments affect in-stream fauna.  Change detection in beaver engineered environments also provides a before 

and after picture of beaver occupation or abandonment of a site.  

Future work with this spatial data includes its 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 of these species and whether beaver dams facilitate species 

segregation.       
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INTRODUCTION  

The US Forest SŜǊǾƛŎŜΩǎ plan and project decisions often rely on accurate and precise descriptions of landscape 

features. The technologies used to collect these data are rapidly evolving (Fonstad and Marcus, 2010; Lane and 

Chandler, 2003). Currently, most remote sensing data are airborne and are acquired at too coarse a resolution to 

be useful for all decisions (Bangen et al., 2010).  By contrast, much of the data traditionally collected by ground-

based crews consists of the simple measurement of attributes at a sample of locations within a stream reach or 

cross-section (e.g. Heitke et al., 2010).  Such data is coarser in resolution with an isolated extent and may not 

represent an entire stream system.  Fine-scale ground-based measurements and analyses are needed to fully 

understand the processes affecting landforms and organisms in these small systems.  Fine scale measurement also 

provides the ability to analyze systems at a scale relevant to individual organisms (Rice et al., 2010).  Where 

traditional methods have been able to resolve habitat units at the reach scale, fine scale measurements have the 

capability to reveal patterns at the microhabitat scale.  New remote sensing technologies are now emerging such 

as ground-based LiDaR and rtkGPS (Heritage and Hetherington, 2007; Hodge et al., 2009; Milan et al., 2007; U.S. 

Geological Survey, 2006), which permit fine-scale census of stream habitats.  The amount of data and the detail of 

that data using ground-based remote sensing have the potential to evaluate aquatic systems at a scale providing 

more in depth knowledge of the physical environment and processes in aquatic environments.    



 

 

 
 

Page 6 of 28 

 

High Resolution Mapping of Instream Habitat 

The purpose of this report is to summarize the data collected as part of a  cooperative agreement between the US 

Forest Service (USFS) Rocky Mountain Research Station (RMRS) ŀƴŘ ¦ǘŀƘ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ (USU) 

Ecogeomorphology and Topographic Analysis Lab (ET-AL), and explain how such data will be used to evaluate these 

technologies for characterizing in-stream habitat. The purpose of the project was to collect data using ground-

based LiDaR that could be compared against traditional habitat sampling approaches. This data is being used in 

ongoing studies and a masters research project (by the first author) to derive multi-scalar stream attributes and 

reveal what exactly can be derived from these different field methods. This data was leveraged in an NSF NCALM 

(National Center for Airborne Laser Mapping) seed grant proposal, which was awarded. In the summer of 2011, an 

airborne LiDaR flight will be flown by NCALM, so that all three monitoring methodologies can be directly compared 

(i.e. airborne LiDaR, ground-based surveys (including TLS, TS & GPS), vs. traditional habitat sampling (i.e. tape & 

level)). These data are important to the USFS because we can use their inter-comparison to provide guidance on 

approaches for monitoring habitat that can be used in specific situations.   

 

Figure 1  - Components of a Ground-Based LiDaR field setup for a stream survey. Example here shown for a bedrock river using a Leica 

ScanStation 2 Terrestrial Laser Scanner. 
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STUDY SITES ς LOGAN RIVER WATERSHED 

The Logan River Watershed, located in the Uintah-Wasatch Cache National Forest of Utah, was selected for study 

sites due to logistical convenience and to maximize the utility of the data collected for supporting other ongoing 

research projects in the basin underway between the RMRS, USU and the Utah Division of Wildlife Resources 

(Figure 2).    

 

Figure 2 ς Study Site Vicinity (A) and Location maps (B & C). The two study 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 spanned a range 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 site of large scale 

stream restoration effort through cattle exclosure fencing.  The study area at Spawn Creek included a 2500 m 

portion with a large beaver complex in its upper reach.  A major beaver dam complex at Right Hand Fork was also 

selected for its roadside accessibility and in-stream habitat complexity created by beavers (a logistical challenge in 

traditional stream habitat monitoring due to multiple channels and complex geometry).   The study site at Right 

Hand Fork consisted of a 300 m reach containing a multiple channel network with at least five beaver dams. 

SPAWN CREEK STUDY REACH 

Spawn Creek is a tributary of Temple Fork which is a left-bank tributary the Logan River in north eastern Utah 

(Figure 3).  It flows through a mountainous valley with a mix of sagebrush and aspen cover (Figure 4) and basin 

relief of 500 m spanning an elevation range of 1800 m to 2300 m.  Most of the Spawn Creek study reach  is 
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relatively steep (average slope of 0.065) and could be characterized as a step-pool habitat using the Montgomery 

and Buffington (1998) classification.  There are some shorter reaches with lower stream gradient interspersed, 

where the stream might be characterized pool-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 in-stream habitat up until 2006 when an exclosure fence was built to protect 

over 3 km of riparian area.  The exclosure was designed to protect spawning habitats of the native Bonneville 

cutthroat trout (Oncorhynchus clarki Utah).  Beavers have also constructed numerous dams along in the upper 

reaches of Spawn Creek (Figure 5). The heterogeneous in-stream environment in Spawn Creek supports the 

physical and biological needs of Bonneville cutthroat trout, brown trout (Salmo trutta), and brook trout (Salvelinus 

fontinalis).  Cutthroat and brown trout are normally found throughout the Spawn Creek while brook trout stay in 

the upper reaches, primarily in beaver ponds.    

 

Figure 3 ς A) Location of Spawn Creek Study Reach within Temple Fork Watershed 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 ς Photographs looking upstream at Spawn Creek in middle of study reach. 
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Figure 5 ς Photographs looking at beaver dam complex in upper portion of Spawn Creek study reach. 

RIGHT HAND FORK STUDY REACH 

The Right Hand Fork watershed is also a left-bank tributary to the Logan River, but enters some 10 km   

downstream from the Temple Fork Confluence. This reach is similar in gradient to Spawn Creek.  The relief in the 

Right Hand Fork watershed is 500 m and covers an elevation range of 1600 m to 2100 m.  The study reach is 

located in the lower quarter of Right Hand Fork about 3 km upstream from the Logan River confluence at an 

elevation of approximately 1670 m (Figure 6).  Pool-riffle sequences are more common in Right Hand Fork while 

step-pools are present but less frequent than in Spawn Creek.  The study reach itself consists of an extensive 

beaver dam complex. The site was chosen because of the challenges it presents from a stream habitat monitoring 

perspective. At least 16 dams create and highly heterogeneous in-stream environment consisting of long, slow 

ponds, plunge pools, and riffles, all in multiple channels (Figures 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 of 2 meters to 50 meters.  While efforts to reintroduce native Bonneville cutthroat trout have 

taken place, this reach of Right Hand Fork primarily consists of invasive brown trout.   
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Figure 6 ς A) Location of Right Hand Fork Study Reach within Right Hand Fork Watershed overlaid on hillshade derived from 30m USGS DEM. 

B) Survey extents of study area covering a large persistent beaver dam complex overlaid on 2006 high resolution orthophoto from Utah GIS 

Portal.  
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Figure 7ς Upper portion of Right Hand Fork study reach in summer. Beaver dam complex is somewhat obscured by thick riparian vegetation 

and extends upstream and downstream throughout entire length of riparian corridor shown in photo (note areas of open water). 

 

Figure 8 ς Lower portion of Right Hand Fork study reach, showing beaver dam complex (note areas of open water) & extensive riparian 

vegetation in early spring. 
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METHODS 

FIELD DATA ACQUISTION 

SURVEY CONTROL 

Ground survey control networks were established at Spawn Creek and Right Hand Fork to facilitate resurvey work 

and change detection analyses.  Additionally, at Spawn Creek, GPS was used to position all survey data 

appropriately so that it would overlay reasonably accurately in GIS with other existing datasets. All spatial data in 

Spawn Creek has been projected into the UTM Zone 12N, NAD 1983 projection. The data from Right Hand Fork 

remains in an assumed local coordinate system. 

tǊƛƳŀǊȅ ōŜƴŎƘƳŀǊƪǎ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ѹέ ǊŜōŀǊ ŀƴŘ ǎǘŀƳǇŜŘ ǊŜŘ ǇƭŀǎǘƛŎ ŎŀǇs were strategically placed to be physically 

stable, to maximize satellite visibility for GPS occupation, to be inter-visible for total station utilization and to be 

conveniently located. Control point locations were positioned to provide good lines of sight and coverage for total 

station and TLS setups and inter-visibility to at least two other control points to accommodate traversing.  

At Spawn Creek, a Leica 1200 GPS base station with Pacific Crest radio (for transmitting real-time kinematic (RTK) 

differential corrections to the rover) was established over CP101 near the confluence of Spawn Creek and Temple 

Fork to collect RTK dataΦ ! ǎƛƳǇƭŜ ΨƘŜǊŜΩ ŦƛȄ ƛƴ ²D{уп ǿŀǎ ǳǎŜŘ ƛƴƛǘƛŀƭƭȅ
1
 to define the location of the base station. 

The base station was set to log observations for the entire duration of the survey. A Leica 1200 GPS rover 

operating in RTK mode was used to occupy as many benchmarks as possible. A Leica 1203+ Total Station was used 

to traverse through the benchmarks and  in both systems. 

  

 

BATHYMETRY 

                                                                 
1
 See post-processing section. 

Figure 9 (left) - The control network in Spawn Creek was surveyed with a Lecia 

System 1200 rtkGPS to allow transformation of all collected data into the UTM Zone 

12N, NAD 83 projection. 
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.ŀǘƘȅƳŜǘǊȅ όǘƻǇƻƎǊŀǇƘȅ ōŜƴŜŀǘƘ ǘƘŜ ǿŀǘŜǊΩǎ ǎǳǊŦŀŎŜύ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ŀ [ŜƛŎŀ мнлоҌ ¢otal Station in both 

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% of Spawn 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 expanded line-of-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 brakes and geomorphic units (e.g. pools, 

bars, etc.) within the channel. Point spacing was semi-regular (1 point every 1-2 meters) feature-based 

morphologically stratified sampling scheme (Bouwes et al., 2011; Wheaton, 2008).  Point densities varied spatially 

with higher point densities (e.g. 2-3 points/m
2
) in topographically complex areas and lower point densities in 

topographically simple areas (e.g. Figure 10). An average point density
2
 of 1.43 points/m

2
 was achieved for Spawn 

Creek and an average point density of 0.78 points/m
2
 for the Right Hand Fork beaver dam complex.   

 

                                                                 
2
 Ground-based surveys in most wadeable rivers and streams adequately represent the topography when average point 

densities are in the 0.2 to 0.5 points/m
2 
range. High point densities for such surveys are typically those in excess of 1 points/m

2
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Figure 10 ς Example of topographically stratified semi-regular point sampling scheme used to survey bathymetry. A) Bathymetry point 

locations in a middle reach of Spawn Creek overlaid on aerial photography. B) The distribution of bathymetry points over the Spawn 

Creek study area. C) Bathymetry point locations in an upper reach of Spawn Creek   




























