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Use of Remote-Sensing Techniques to Survey the
Physical Habitat of Large Rivers

By Thomas A. Edsall, Thomas E. Behrendt, Gary Cholwek, Jeffrey W. Frey,

Gregory W. Kennedy, and Stephen B. Smith

ABSTRACT

Remote-sensing techniques that can be
used to quantitatively characterize the physical
habitat in large rivers in the United States where
traditional survey approaches typically used in
small-and medium-sized streams and rivers
would be ineffective or impossible to apply. The
state-of-the-art remote-sensing technologies that
we discuss here include side-scan sonar,
RoxAnn', acoustic Doppler current profiler,
remotely operated vehicles and camera systems,
global positioning systems, and laser level
survey systems. The use of these technologies
will permit the collection of information needed
to create computer visualizations and hard copy
maps and generate quantitative data bases that
can be used in real-time mode in the field to
characterize the physical habitat at a study
location of interest and to guide the distribution
of sampling effort needed to address other
habitat-related study objectives.

This report augments habitat sampling and
characterization guidance provided by Meador
et al. (1993) and is intended for use primarily by
U. S. Geological Survey National Water Quality
Assessment program managers and scientists
who are documenting water quality in streams
and rivers of the United States.

INTRODUCTION

This report provides a brief overview of
state-of-the-art techniques and equipment that
can be used to quantitatively describe the physi-
cal habitat in large rivers and in deeper, non-
wadeable reaches of medium-sized rivers in the
United States. It focuses on remote-sensing
approaches that can be effectively applied in
situations where more traditional survey ap-
proaches typically used in small- and medium-
sized streams and rivers would be ineffective or
impossible to apply. For this report, streams and
rivers are defined as small, medium, or large,
based on a wadeability criterion that is applied
under normal (summer) low-flow conditions.
The small stream can be crossed anywhere by
wading. The small stream extends from its
headwaters downstream to the first point where it
cannot be crossed by wading; at this point it
becomes a medium-sized stream or river. The
medium-sized stream or river can be crossed in
places by wading. It extends downstream to the
last point where it can be crossed by wading;
below this point it becomes a large river. The
large river cannot be crossed anywhere by wading.

The remote-sensing technologies that we
discuss here include side-scan sonar (SSS);
RoxAnn (RA); acoustic Doppler current profiler
(ADCP); submersible video camera systems,
some of which are carried by a remotely operated

"Mention of brand names is for identification purposes only and does not constitute endorsement by the

U. S. Government
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vehicle (ROV); global positioning systems
(GPS); and laser level survey systems (LLSS).
These technologies are recommended because
they can be used safely and economically to
describe the physical environment in large rivers
and provide a quantitative data base from which
reliable characterizations of the physical habitat
can be developed. They are especially well-suited
for providing rapid coverage of the larger areas of
river bed that must be surveyed in large rivers.
These remote-sensing technologies also work well
in the deep water found in large rivers. In small
rivers and shallower portions of medium-sized
rivers, observations can be made from the bank or
while wading, and sampling sites can be identified
and visited in the same manner. In large rivers,
sampling sites in littoral areas also sometimes can
be identified visually from the bank, while wad-
ing, or from a boat deck, but in deeper waters this
becomes more difficult or impossible. In these
deepwater environments, remote-sensing technol-
ogy can be used effectively to create a visual,
quantitative display of the physical habitat. The
more sophisticated technologies can also process
and display the data being collected so that it can
be used immediately in the field to guide the
distribution of sampling effort needed to meet
other habitat study objectives.

REMOTE-SENSING TECHNIQUES

This section of the report describes state-of-
the-art remote-sensing tehniques that can be used
for surveying surficial substrates and for measur-
ing current velocity in large rivers and in the
deeper, nonwadeable sections of medium-sized
streams and rivers. These approaches typically
involve a primary system element such as SSS,
RA, and ADCP to collect, store, and process the
data; GPS to provide location information to
permit geo-referencing of the data; LLSS to
measure distances and elevation; and a computer-
based geographic information system (GIS) to
further process and display the data in map, other
graphic, or digital form. Submersible video
camera systems, some of which are carried by an
ROV, are commonly used to explore and docu-
ment underwater environments and biota and to
verify the results of surveys conducted with other
remote-sensing technologies.

Side-Scan Sonar

The first operable SSS was built in the late
1950s and this technological break-through made
possible the rapid, systematic study and large-
scale mapping of surficial features in the marine
environment (Flemming, 1976). Recent advances
in SSS technology have resulted in the production
of relatively inexpensive survey-quality systems
that are well suited for inventory and mapping in
freshwater environments.

The basic system includes a towfish, a data
processing unit with strip-chart recorder, and a
tape deck (figure 1) (Edsall, 1992). The towfish,
which is towed behind the survey vessel on an
electronic tether, directs a fan-shaped beam of
acoustic energy towards the bottom of the water
body in a plane normal to the towing direction
(figure 2). The beam impinges on the bottom
directly beneath the towfish and out to some
preset distance on either side. The echo from this
acoustic signal is received by the towfish, trans-
formed into an electrical signal, and transmitted to
the processing unit. There the signal is converted
into strip-chart output in which the substrate
surficial features are shown in plan view (figure
3). Water depth directly beneath the towfish track
is also recorded on the strip chart. The data on
which the strip chart is based are also stored on
tape in the tape-deck element. Loran-C or GPS
location data from a free-standing receiver are
recorded manually on the strip chart record at 2—
3-minute intervals to allow the record to be geo-
referenced.

River surveys are conducted by towing the
towfish behind the survey vessel at a constant
speed over bottom in an upstream direction
roughly parallel to the thalweg. This approach
was used by the Michigan Department of Natural
Resources and the Great Lakes Science Center in
July 1996 to document substrates believed to be
used for spawning by lake sturgeon (Acipenser
fulvescens) in the North Channel of the St. Clair
River, Michigan (figure 4). If more than one
transect is needed to record the entire stream
channel from one bank to the other, parallel
transects are recommended. These transects
should be spaced so that the edges of records of
the ensonified bottom for adjacent transects
overlap by about 30 percent. A “mosaic” map
(figure 5) can be assembled from the records for
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setting. The reconnaissance survey should be a
scaled-back version of the fixed-site habitat
characterization survey (see below), but should be
performed in such a way that the information
collected will help complete the required habitat
characterization survey of the reach, if the reach is

2. Second-level reach characterization

Channel bed and water-surface profile
—Use bathymetric data collected by SSS,
RA, or ADCP to develop channel bed pro-

ultimately chosen for study.

A. Fixed Sites
1. First-level reach characterization
Recording—Use the Reach Character-

ization Form given in Meador et al. (1993);
complete the form using information from

the remote-sensing applications. Supplement

the form with the remotely sensed data and
numerical and graphic data compilations
performed with the equipment and Gis tech-
nology. Develop standardized cis display
formats for the remotely sensed data.
Distances, locations, boundaries,
elevations—Use GPS and a laser level

survey system (LLSS) as tools for recording

distance, the location of features of interest,
and the boundaries of geomorphic channel
units, and for determining elevations.
Depth, bed substrate, and
embededness—Use SSS, RA, and a ROV to
survey on cross-channel transects; extract

data from these records for three points along

each transect and record on the form as
stipulated in the manual®. Habitat features—
Extract information from remotely sensed

data and record on the form. Add information

from visual inspection performed in shallow

littoral areas where remotely sensed data not

collected. Diagrammatic mapping—Rely
principally on remotely sensed data and
electronic and machine hard-copy data
output. Annotate this output manually as
needed.

file; use LLSS to develop surface water
profile. Current profile—Use ACDP to
collect current data. Extract data and record
on form of choice so it can be compared
directly with manually collected data from
small and medium-sized streams and rivers®.
Channel substrate particle size—Use SSS,
ROV, and RA data to describe substrate
particle size distribution. Reach map—
Construct reach map from remotely sensed
data.

B. Synoptic sites

Procedures—Adopt manual and re-
mote-sensing habitat characterization proce-
dures used for fixed sites.

Microhabitat characterization
Procedures—Use manual and remote-

sensing habitat characterization procedures
used for fixed sites. Adapt as needed.

2 This approach will facilitate comparison with small-stream and medium-stream and river data sets, which are

based on data that are manually collected.
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