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 Most Great Basin riparian and aquatic ecosystems are 
associated with streams and springs that are comparatively 
small and isolated from one another because of the natu-
rally arid climate. There are few rivers and lakes in the 
region. Surface waters and aquifers that support springs 
provide the only water available to humans and wildlife. 
Springs occur at all elevations, but most streams and lakes 
are in the mountains. Many issues affecting riparian and 
aquatic ecosystems are similar to those outlined in the 
Water Resources section, which focuses on water quantity 
and water use by humans. Issues involving riparian and 
aquatic systems are focused on environmental integrity, 
which is strongly related to goods and services provided 
by natural wetland ecosystems.

Riparian and Aquatic Ecosystems

 Great Basin riparian and aquatic ecosystems comprise 
only about 1 percent of the land surface—They are sup-
ported by the only surface water in the region and most 
are small and isolated from one another (Skudlarek 
2006, Sada and others 2001). Despite their small size, 
these ecosystems support most of the biodiversity in the 
region.
 Streams and most springs are supported by mountain 
runoff—Streams are supported by mountain runoff and 
springs. Springs are supported by aquifers whose physical 
and chemical characteristics are influenced by geology, 
climate, and topography. Montane aquifers are gener-
ally small and local, while other aquifers are large and 
comprised of ancient water (Thomas and others 1996). 

 Current stream processes have been influenced by past 
climate change—Because the Great Basin is a semi-arid 
region, it is highly susceptible to climate change. Paleo-
ecological and geomorphic data for upland watersheds 
in the central Great Basin indicate that past climate 
changes have had significant effects on the response of 
current stream systems and riparian ecosystems to both 
human-caused and natural disturbances (Chambers and 
Miller 2004). This indicates that these systems are highly 
susceptible to future climate.

Great Basin Riparian and Aquatic Ecosystems

Don Sada

Desert Research Institute, Reno, NV

 Most riparian and aquatic systems have been altered 
from historical conditions—The changes in riparian and 
aquatic system condition have resulted from altered dis-
charge due to dams and diversions, excessive use by non-
native ungulates, road construction in valley bottoms, and 
invasions of non-native vegetation and aquatic animals. 
In areas prone to stream incision, these perturbations 
have increased the rate and magnitude of downcutting 
(Chambers and Miller 2004). In most aquatic and ripar-
ian communities, composition has been functionally 
altered from organisms that are intolerant of harsh and 
degraded conditions to organisms that tolerate pollution 
and harshness. In addition, the vast majority of springs 
have been seriously degraded by lower surface discharge 
caused by groundwater pumping and diversions and by 
non-native ungulate grazing (Sada and others 1992). 
 Great Basin riparian and aquatic systems are charac-
terized by high biological diversity—Many species are 
limited to single basins and specialized habitats. Diver-
sions, excessive groundwater pumping, livestock use, and 
non-native species introduction have caused extinctions 
and decreased the abundance and distribution of many 
endemic species. This has justified formal listing of many 
fish and riparian plants as threatened or endangered by 
State and Federal governments. 

Key Issues

 Land management/land use—The Great Basin is the 
driest region in the United States. Water is limited in 
quantity and distribution, and aquatic and riparian sys-
tems are typically small and the only source of water. 
As a consequence, human activity has concentrated in 
areas adjacent to springs, streams, and rivers resulting 
in degraded riparian and aquatic ecosystems. Riparian 
vegetation is now sparse at most springs and lower eleva-
tion streams because of excessive grazing by non-native 
ungulates and diversion of surface flow (Fleischner 1994). 
Changes in land and water management are needed to 
determine sustainable levels of human uses of aquatic 
and riparian systems, arrest their continued degradation, 
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and restore their environmental integrity (Karr 1981; 
Shepard 1993; Skudlarek 2006). 

 Expanding urbanization—Urban needs for clean water 
will exceed the amount that is available from proximate 
sources in the near future. The potential to increase sup-
plies from surface waters is limited because rights to these 
waters are fully allocated (and often over allocated) to 
existing uses. Urban centers acquire water from distant, 
rural areas to meet current and future water needs. Los 
Angeles currently receives most of its drinking water 
from surface and ground waters in the Owens River 
basin (along the west side of the Great Basin), and Las 
Vegas and Reno are pursuing groundwater acquisitions 
from eastern and western Nevada, respectively. Water 
importation is unlikely to affect montane streams but 
likely to affect valley floor springs, which are dependent 
on local groundwater supplies. If not properly managed, 
increasing groundwater extraction and use will decrease 
spring discharge and further degrade spring-fed aquatic 
and riparian systems by reducing surface water quantity 
and quality. 
 Diversions—Diversions (including dams, channeliza-
tion, and spring boxes with pipes) have altered most Great 
Basin aquatic and riparian ecosystems. Portions of all 
Great Basin rivers have been impounded for flood control 
and agricultural and municipal uses. This has decreased 
the amount of flowing water; altered the frequency, 
duration, and magnitude of flood events; decreased 
riparian vegetation; and degraded aquatic communities 
by facilitating establishment of non-native species and 
aquatic communities that are pollution tolerant (Rood 
and others 2003). Diversions have also dried springs, 
streams, and rivers and altered morphology by armoring 
stream banks with gabions and other hard structures. As 
a consequence, Great Basin riparian and aquatic habitats 
have been reduced because there is less water available to 
maintain conditions that are necessary to support healthy 
communities. Management strategies are needed to ame-
liorate the ecological effects of diversions by mimicking 
the natural hydrograph, minimizing the quantity of water 
diverted, and restoring channelized reaches.

 Non-native Species—Habitats associated with many 
Great Basin streams, rivers, and large springs support 
non-native animals (including aquarium and sport fishes, 
amphibians, crustaceans, and mollusks) and a diversity of 
non-native invasive plants. Diversity and distribution of 
non-native species is increasing. The number of non-native 
fish species in the Great Basin currently exceeds native 
species. Functional characteristics, trophic dynamics, and 
energy flow in these riparian and aquatic systems do not 

resemble historic healthy ecosystems. New technologies 
are needed to reduce the extent and abundance of non-
native species, prevent the establishment of new arrivals, 
and retain natural elements that characterize Great Basin 
aquatic and riparian ecosystems.

 Unique Plants and Animals—Aquatic and riparian 
habitats in the Great Basin support a wide diversity of 
plants and animals that do not occur elsewhere. These 
include butterflies, dozens of plant species, and more 
than 200 types of aquatic animals. The distribution and 
abundance of these species has declined from historical 
conditions and many are extinct or are listed as threatened 
or endangered by Federal and State agencies (Sada and 
Vinyard 2002). Decline of these species has been caused 
primarily by habitat alteration (mostly groundwater 
use and surface water diversion) and interactions with 
non-native species (Miller 1961, Minckley and Deacon 
1968). Continued declines are likely to cause additional 
threatened or endangered listings that may conflict with 
future development of water resources.
 Pollution—Point and non-point sources of pollution 
from nutrients, metals, sediment, elevated temperature, 
and total dissolved solids have degraded water quality in 
many Great Basin streams, rivers, wetlands, lakes, and res-
ervoirs. In Nevada, this includes approximately 1,930 km 
(1,200 miles) of stream, 30,350 ha (75,000 acres) of lakes 
and reservoirs, and 7,689 ha (19,000 acres) of wetlands 
(NDEP 2004). Approximately 402 km (250 miles) of 
impaired waters occur in the Great Basin portion of Utah 
(UDWQ 2004). Improving the conditions in these streams 
will increase their ecological integrity and the goods and 
services they provide to urban and rural economies. 
 Climate change—Climate change will influence the 
quantity and timing of flows in streams and rivers and 
affect groundwater recharge and spring discharge. These 
changes are likely to further degrade aquatic and riparian 
systems in the Great Basin because of increased flood 
frequency, lower groundwater recharge rates, and the 
consequential increase in human demands for water. 

 Ecosystem services—Healthy riparian and aquatic 
ecosystems provide services that include clean water 
for diverse aquatic communities, freshwater for human 
consumption, natural flood,and erosion control, and 
recreational opportunities that enhance the quality of 
life (Gregory and others 1991, Baron and others 2002). 
Improving the condition of Great Basin aquatic and ripar-
ian systems will help restore their ecological health and 
provide for increased ecosystem services. Restoration 
actions will partially mitigate the impact of increasing 
demands on these systems.
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Management Challenges

 Federal, state, and local governments are challenged 
to respond to a number of threats to Great Basin aquatic 
and riparian resources through:

 Sustainable management of water resources for 
multiple uses.

 Increasing recreation opportunities while minimizing 
environmental impacts. 

 Protection of aquatic and riparian biodiversity.

 Rehabilitation of degraded and unstable river and 
stream channels and spring systems.

 Mitigation of impacts associated with development in 
flood plains of rivers and tributaries.

 Mitigation of river channel modifications and 
floodplain instability from diversion dams, channel 
straightening, and flood protection structures.

Research and  
Management Questions

Riparian and Aquatic System Use

 What flow regimes and hydrographs are required to 
maintain channel processes and support the ecological 
integrity of riparian and aquatic ecosystems?

 What are the flow regimes, quantities, and hydrographs 
required to support sensitive, threatened, and endangered 
species and prevent future listings?

 What levels of human disturbance can be tolerated by 
rare aquatic and riparian species to prevent declines in 
their abundance and distribution?

 What are the effects of incremental differences in land 
use and land management, water quality, and quantity, 
and on the ecological integrity of riparian and aquatic 
systems?

 What are reference conditions for Great Basin aquatic 
and riparian systems?

Predictive tools

 How can we better predict the response of aquatic and 
riparian resources to varying types and intensities of hu-
man use?

 What are the best conceptual, spatial, and numeric 
models for integrating climate, surface and groundwater 

quantities, ecological constraints, and economics to assist 
decision makers in managing for sustainable riparian and 
aquatic ecosystems?

Existing Programs and Resources

 U.S. Environmental Protection Agency. A national 
program for monitoring stream condition in the Western 
U.S. 4 Jan. 2007. http://www.epa.gov/esd/land-sci/water/
streams.htm [2007, July 17]

 USDA Forest Service, Rocky Mountain Research 
Station, Great Basin Ecosystem Management Project 
for Restoring and Maintaining Watersheds and Riparian 
Ecosystems, Reno, NV. http://www.ag.unr.edu/gbem/ 
[2007, July 17]

 USDA Forest Service, Rocky Mountain Research 
Station, Boise Aquatic Sciences Laboratory, Boise, ID. 
http://www.fs.fed.us/rm/boise/index.shtml [2007, July 
17]

 USDA Forest Service, Stream Systems Technology 
Center, Fort Collins, CO. http://www.stream.fs.fed.us/ 
[2007, July 17]

 USDI Bureau of Land Management, Riparian Service 
Team, Prineville, OR. http://www.blm.gov/or/programs/
nrst/index.php [2007, July 17]

 USGS, Fort Collins Science Center, Fort Collins, Co. 
http://www.mesc.usgs.gov/OurScience/ [2007, July 17
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