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PREFACE

Riparian areas in the Southwest contain important plant ecosystems in two
widely different environments—along small, higher elevation first- and second-
order streams, and along large rivers, some of which pass through hot desert
environments. These arid environments make the sustenance of the riparian plant
communities in these areas extremely tenuous. This paper describes oppor-
tunities for better managing existing southwestern riparian areas, and creating
hydrologic regimes more favorable for rehabilitating existing or creating new
riparian ecosystems. Also, it contains information on the consumptive use of
water necessary for supporting riparian ecosystems in these environments. It
is intended to serve as a state-of-the-art report on riparian hydrology, and pro-
vide general guidelines for improving hydrologic relationships in naturally oc-
curring and man-enhanced riparian areas throughout the Southwest.

Small upland streams support riparian areas that are intimately interrelated
with the surrounding watershed. As a result, they reflect both the biotic and
abiotic conditions of the watershed in which they exist. The relationship between
watershed and riparian areas depends on a balance between ‘‘watershed condi-
tion” and ‘“riparian health.” This concept is used as the basis for discussing
management and rehabilitation of these areas. Management opportunities for
rehabilitating these upland riparian areas generally involve improving water-
shed condition, modifying plant cover, installing small channel structures or
gully plugs, or using a combination of all these rehabilitation techniques. Im-
plementing these practices can alter both the amount and duration of streamflow.
A promising technique for increasing both amount and duration of streamflow
through riparian areas in Arizona chaparral involves upslope vegetation
manipulations where deep-rooted shrubs are replaced with shallower rooted
grasses requiring less water. Riparian enhancement in response to cover
manipulation is not as promising in pinyon-juniper, ponderosa pine, and mixed
conifer forests. Before implementing different watershed treatments, land
managers need to be continually aware of the strong relationship between water-
shed condition and riparian health so they are better able to assess any negative
and positive treatment effects. In nearly all cases this requires an interdisciplinary
approach to management, covering abiotic as well as biotic factors operating
within a watershed.

Extensive riparian areas in the Southwest can develop along larger rivers in
response to large dams constructed for flood control or water storage because
they stabilize erodible channels and extend streamflow duration. Sediment
deposited in the reservoirs above these large structures store and release water
slowly over time, sometimes producing perennial streamflow. Deposited
sediments also provide a nutrient-rich substrate favoring plant establishment
and growth. Case studies are presented where large and intermediate channel
structures have enhanced riparian establishment.

Although instream structures can create a more favorable environment for
riparian ecosystems, they may also change the channel dynamics of both up-
and downstream channel reaches. Also, the vegetation invading these sites is
usually dominated by saltcedar, which is of lower value for wildlife habitat than
native riparian plant species that formerly occupied these sites. This mix of ad-
vantages and disadvantages must be considered in any management decision
or plan.

Several naturally occurring processes, operating at different scales, also pro-
vide the moving forces for floodplain and associated riparian area development.
These include changes in channel slope resulting from landslides, tributary
alluvial fans, log step formation, beaver dam construction, and geologic processes
such as cienega formation. Effective management of these naturally occurring
riparian areas requires understanding the hydrologic and hydraulic processes
responsible for their formation.
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Abstract

This paper reviews opportunities and watershed restoration tech-
niques available for rehabilitating and enhancing riparian ecosystems
in southwest environments. As such, it is intended to serve as a state-
of-the-art report on riparian hydrology and improvement in both
naturally occurring and man-made riparian areas throughout the
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Vegetation establishment on the cienegas, combined
with their relatively flat topography, effectively dissipates
energy and fosters sediment and organic matter deposi-
tion which, in turn, improves infiltration of water. Over
time, a diverse riparian ecosystem becomes established
and is maintained unless subjected to severe disturbance.
Ultimately, these deposits are sustained by the cienega
vegetation at slopes that are highly vulnerable to concen-
trated flows or other small alterations in the form, or
cover, of the cienega. Under these conditions, linear per-
turbation such as trails, or breaks in plant cover, can
cause rapid downcutting and eventual destruction of the
cienega. Major deposits of sediment from tributaries can
also trigger a series of discontinuous headcuts that
ultimately lead to dewatering of the cienega.

Streamside Vegetation and
Organic Debris Accumulation

Forest and riparian plant communities along small
streams act as both erosion buffer strips (Heede 1988)
and nutrient filters (Cooper and Gilliam 1987, Lowrance
et al. 1984c). In upland areas, these plant communities
can affect the streamflow hydraulics and channel
dynamics of small mountain streams (Heede 1985a,
1985b; Megahan 1982; Swanson et al. 1984). This occurs
when trees and logs fall across the channel and are in-
corporated into the hydraulic geometry of the stream
channel, creating log steps (figs. 8a and 8b) (Heede 1981).
When this organic debris accumulates on the stream-
banks, it improves channel stability by promoting soil
development, increasing infiltration, and reducing
overland flow and bank erosion. The log steps in the
stream channel accumulate sediment, thereby reducing
the channel gradient and improving channel stability.
Waterfalls then develop over each step which further
reduces flow energies substantially (fig. 8c). When log
steps are submerged during high flows, they contribute
to the channel roughness and further decrease flow
velocities. In natural systems, these log steps rot and are
eventually replaced by newly fallen limbs and trees in
order to maintain dynamic equilibrium. While these log
steps are in place, they store sediment which would
otherwise be lost downstream. As a result, these log steps
and other debris accumulations provide a mechanism
for enabling alluvial deposition and the formation of
alluvial aquifers, which encourage the establishment of
riparian vegetation along these small upland streams in
the Southwest. ‘

Large-particulate organic debris accumulations in
channels also play an important role in maintaining

riparian ecosystems along the larger, low-elevation rivers -

of the Southwest (Minckley and Rinne 1985). In this
desert stream environment, large accumulations of
debris function as sources of nutrients and also provide
a quasi-stable environment in an otherwise unstable
system. However, riparian ecosystems can become so
dense that they fully occupy the channels and cause
flooding, as has been reported along the lower elevation
reaches of the Salt and Gila Rivers in Arizona (Graf 1980).
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Figure 8.—Log steps form when a log falls across a stream (a) and
becomes incorporated into the channel geometry (b) where it
effectively acts as an energy dissipator (c) (Heede 1981).
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These riparian areas formerly supported stands of
willows, cottonwoods, and mesquite bogs, but have
recently been replaced with dense stands of saltcedar.
The former riparian species were removed for fuel and
lumber during settlement of Arizona. Currently, several
thousand acres of former riparian areas are covered with
saltcedar. Although the establishment of a new. habitat
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This paper reviews opportunities and watershed restoration tech-
niques available for rehabilitating and enhancing riparian ecosystems
in southwest environments. As such, it is intended to serve as a state-
of-the-art report on riparian hydrology and improvement in both
naturally occurring and man-made riparian areas throughout the
Southwest.
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U.S. Department of Agriculture
Forest Service

Rocky Mountain Forest and
Range Experiment Station

The Rocky Mountain Station is one of eight
regional experiment stations, plus the Forest
Products Laboratory and the Washington Office
Staff, that make up the Forest Service research
organization.

RESEARCH FOCUS

Research programs at the Rocky Mountain
Station are coordinated with area universities and
with other institutions. Many studies are
conducted on a cooperative basis to accelerate
solutions to problems involving range, water,
wildlife and fish habitat, human and community
development, timber, recreation, protection, and
multiresource evaluation.

RESEARCH LOCATIONS

Research Work Units of the Rocky Mountain
Station are operated in cooperation with
universities in the following cities:

Albuquerque, New Mexico
Flagstaff, Arizona

Fort Collins, Colorado*
Laramie, Wyoming
Lincoln, Nebraska

Rapid City, South Dakota
Tempe, Arizona

*Station Headquarters: 240 W. Prospect Rd., Fort Collins, CO 80526
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