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PREFACE

The purpose of this profile is to
summarize the ecological information
available for and relevant to stream and
riparian habitats of the Great Basin. The
Great Basin comprises the northern half of
the Basin and Range physiographic province
and covers most of Nevada and western Utah
and portions of California, Oregon, and
Idaho. The entire basin actually consists
of numercus subbasins and mountain ranges
which present an extremely diverse physical
setting. Unlike other physiographic
regions, drainage patterns in the Great
Basin are characteristically toward the
interior, which has a major influence on
water quality as well as biota within the
basin. Surface waters of the Great Basin
include perennial, intermittent, and

jil

ephemeral streams; freshwater and saline
lakes; playa lakes; freshwater and saline
wetlands and thermal springs associated
with faulting and volcanic activity.

Riparian and stream habitats within the
Great Basin have received less attention
from ecologists than similar habitats
elsewhere in the United States. As a
consequence, 1ittle is known about certain
aspects of ecosystem structure and
function within the Great Basin. This
profile is intended to serve as a
reference to the ecology of riparian and
stream habitats of the Great Basin.
References cited in the profile should
also assist those wishing to learn more
about these habitats.
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CHAPTER 1. INTRODUCTION

The purposes of this document are to
provide a geographical overview of the
Great Basin environment and to provide more
resolute descriptions of the ecological
features of riparian and stream habitats.
The overview is focused on the environ-
mental parameters that influence the
distribution, magnitude, flux, and quali-
ties of surface water. The distribution,
structure, composition, and dynamics of
riparian and stream habitats are inter-
preted as a response to geologic, hydro-
logic, geomorphic, pedogenic, and biotic
processes. The values of stream and
riparian habitats are considered to be a
measure of the relative effectiveness of
these same processes in determining the
qualities of each site.

1.1 GREAT BASIN

John C. Fremont, following an expedition
through the region in 1843 and 1844, first
applied the term "Great Basin" to a vast
area of Tand encompassing most of Nevada
and western Utah. The region includes
numerous north-to-south trending mountain
ranges separated by nearly level basins.
Contrary to the singular connotation of the
term "Great Basin," the region includes
more than 75 elongated basins, most of
which are bordered by mountain ranges on
the east and west and by Tlow alluvial
divides on the north and south. The
Great Basin region also includes two
irregularly shaped basins that contained
extensive lakes during the Pleistocene
Epoch (including Lake Bonneville and lLake
Lahontan) (Figure 1). Since the time of

Fremont, the term “Great Basin" has been
used to denote physiographic, floristic,
and hydrographic regions, each with

somewhat different boundaries.

Fenneman (1931) defined the Great Basin
as a section of the Basin and Range physio-

graphic province (Figure 2). The Great
Basin section, including portions of Ore-
gon, Idaho, California and most of western
Utah and Nevada, makes up the northern
half of the physiographic province. The
Great Basin physiographic section is bor-
dered to the north by the Columbia Plateau
province; to the west by the Sierra-Cascade
province; to the east by the Middle Rocky
Mountain and Colorado Plateau provinces;
and the southern border is the arbitrary
latitude of 35°30’ N. Although drainage is
to the interior characteristic of the Great
Basin physiographic section, three water-
sheds located along the periphery drain
toward the ocean.

The Great Basin floristic division of the
intermountain region (Cronquist et al.
1972) includes most of the Great Basin
physiographic section and also the Snake
River Plains and Owyhee Desert of Idaho and
Oregon which drain to the Columbia River
(Figure 3). Floristic sections generally
correspond with climatic, physical, or
edaphic criteria that influence the
distribution of plants.

The Great Basin hydrographic region is
the watershed area contributing to the
closed basins (Figure 4). The hydrographic
delineation provides the most discrete and
unequivocal boundary and has been used in
this report. It includes most of the Great
Basin physiographic section (Fenneman
1931), in addition to portions of the
Sierra-Cascade, Middle Rocky Mountain,
Columbia Plateau, and Colorado Plateau
physiographic provinces.

1.2 RIPARIAN HABITAT

For the purposes of this review we have
adopted the following working definition
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Figure 1. Distribution of Pleistocene lakes in the American Great Basin (after Snyder et al. 1964).
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of riparian habitat: Land inclusive of
hydrophytes and/or with soil that is
saturated by ground water for at least part
of the growing season within the rooting
depth of potential native vegetation. This
definition includes both vegetated wetlands
as defined by the U.S. Fish and Wildlife
Service (Cowardin et al. 1979), and more
mesic riparian habitats. The extent of
riparian versus wetland habitats relative
to seasonal variations 1in ground water
level is compared in Figure 5.

The U.S. Fish and Wildlife Service is
conducting an inventory of wetland and
deepwater habitats of the United States

{National Wetlands Inventory) according to

the classification developed by Cowardin et
al. (1979). While draft and revised map
products are available for portions of the
Great Basin (U.S. Fish and Wildlife Service

1986a, b), a large portion of the
hydrographic  region remains to be
inventoried. In general, classifications

for riparian habitats in the vast majority
of the Great Basin hydrographic region are
not currently available. A high degree of
disparity between methods, criteria, and
the resolution of classifications for
different regions of the Great Basin
Timits meaningful comparison or possible
integration of existing riparian classi-
fications.

Classifications of riparian community
types have been prepared for portions of
the Great Basin hydrographic region in Utah

(Jensen and Tuhy 1981; Youngblood et al.
1985a,b). A riparian community type is
defined as an abstract grouping of riparian
communities based wupon floristic and
structural similarities in both overstory
and undergrowth Tayers (Youngblood et al.
1985a). These classifications, requested
by the U.S. Forest Service, are part of a
regional effort to identify vriparian
communities in U.S. Forest Service lands of
Idaho, Nevada, Utah, and Wyoming (Region
4). Methods of classification have been
summarized by Norton et al. (1981) and by
Youngblood et al. (1985¢c). While these
classifications were based primarily on
floristic criteria, geomorphic, soil, and
hydrologic parameters also were described
for each community type.

Streamside types were identified
according to location in the watershed and
topography for portions of the Malheur
National Forest, located along the northern
boundary of the Great Basin hydrographic
region in east-central Oregon (Claire and

Storch 1977). Vegetation types were
described for each streamside type.
Classifications of nriparian habitat in

Arizona and New Mexico have been attempted
(Brown and Lowe 1974, Dick-Peddie and
Hubbard 1977; Pase and Layser 1977).

Several other efforts have been made to
classify riparian habitats which may have
relevance to the Great Basin. Shaw and
Fredine {1956) developed a classification
system that identified 20 wetland types, 11
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Figure 5. Riparian versus wetland habitat.



of which are represented in the Great Basin
hydrographic region, in order to evaluate
the importance of wetland habitat to
waterfowl. They identified 1,008 km’ of
high quality wetlands considered to be for
waterfowl in Utah; 442 km® in Nevada: and
996 km’ in Oregon. The vast majority of
wetlands were associated with shallow
freshwater and saline lakes. Brown (1982)
described biotic communities of the
American Southwest, a vregion including
southern portions of the Great Basin
(Mohavian Biogeographic Province).
Minckley and Brown (1982) suggested a
general structure for classification of
wetlands in the Southwest. A digitized
hierarchical classification system for both
upland and riparian habitats of North
America, with exampies of communities and
associations for the Southwest was prepared
by Brown et al. (1984). This system uses
bicgeography, vegetation, structure, and
climate as criteria (Brown 1984).

1.3 AQUATIC HABITAT

Aquatic habitat, as used in this review,
is any environment covered by water and
includes both the wetland and deep water
habitats distinguished by Cowardin et al.

{1979). Great Basin aquatic habitats
include riverine {stream), lacustrine
(lake), and palustrine (marsh) systems

{Cowardin et al. 1979). We have attempted
to include coverage of all of these systems
because they have a great deal in common:

generally all have associated riparian
habitats, they frequently are linked
Fiood Plain-—. -%4 S
|
b ) py

Stream Habitat

together, and all are of significance to
aquatic/riparian resource managers.
However, partly because of historic
precedent, but mainly because of their
greater numbers and extent and because they
have been the focus of more studies,

streams will be the focus of our coverage.

Stream habitat is considered to be
synonymous with the riverine system, as
defined by the U.S. Fish and Wildiife
Service (Cowardin et al. 1979). The
riverine system includes nonvegetated
wetland habitat and deepwater habitat
contained within a river channel. Stream
habitat inciudes the channel banks, channel
bottom, and aquatic habitat (Figure 6). It
should be noted that the portion of the
channel inundated by streamflow (aquatic
habitat) may vary as a function of stream
discharge. Streams can be further sub-
divided into (a) perennial which flow year
round and (b) ephemeral streams which flow
only for vrelatively short periods during
the wetter months (usually spring).
Ephemeral streams appear to be biologically
depauperate.

Great Basin aquatic ecosystems have been
appropriately characterized as islands of
freshwater in a sea of land. These desert
pases provide important vrefuge for a
variety of invertebrates, fish, and wild-
life many of which have adjusted in a
number of interesting ways to the stresses
imposed by the environment. Due to the
shortage of precipitation over most of the
Great Basin and the critical importance of

Ficod Plain

A

Figure 6. Stream habitat {modified from Platts 1983).



water to humans, the manipulation, altera-
tion, and out-right destruction of water-
bodies are among the major perturbations
taking place. Many unique and
scientifically interesting sites have been
or are being destroyed or significantly
altered. Thus there is an urgent need to
study such environments and the organisms
that occupy them before they are altered or
removed forever.

Less is known about the structure and
function of aquatic systems in the Great
Basin than in any other major area in the
United States. Furthermore, very little is
known of the biology of the many unique
species living there or of the adaptations
which enable them to persist.  Aguatic
habitats in the Great Basin are ecosystems,
often relatively "closed" or 1isolated,
operating under severe stress conditions
especially in regard to temperature, timing
and amount of water, and salinity. Many of
these systems are extremely fragile; others
are surprisingly resilient. The reasons
for these differences need to be known for
proper management and protection and to
make the effects of possible future
disturbances predictable.

The current state of study of Great Basin
aquatic communities serves to outline how

1ittle is known about how they respond to
changes and stress. Much can be learned
about "strategies for survival" from study
of the colonizing species, from patterns of
succession, and from study of the food
chains and energy sources and their
utilization. For example, one of the
reasons that temporary waterbodies respond
biologically so rapidly after wetting seems
to be due to the dehydrated vegetable
matter and feces carried in by runoff and
stored in the basin. This quickly becomes
a nutrient broth for bacteria and algae and
in turn provides food for protozoans and
newly hatched crustaceans and insects.
Thus elimination of this allochthonous
input by overgrazing could severely limit
the chances for successful completion of
life cycles by the resident population.
Because of a limited number of taxa, the
extreme physical factors, and the relative
instability of populations, many Great
Basin aquatic systems provide especially
favorable sites for functional studies and
for the study of non-equilibrium species
populations under constantly changing
conditions. Few such studies have been
made; therefore, Great Basin aquatic
ecosystems provide an important opportunity
to extend the rather atypical "steady
state” ecological concepts to more
realistic dynamic conditions.



CHAPTER 2. GEOGRAPHICAL OVERVIEW

2.1 CLIMATE OF THE GREAT BASIN
PHYSIOGRAPHIC SECTION

The Great Basin lies in the rain shadow
of the Sierra Nevada Mountains. The region
is semiarid to arid. High mountains to the
west capture most of the moisture assoc-
jated with the generally eastward-moving
air masses from the Pacific Ocean (Morrison
1965). Rain shadow effects alsp are
produced by the numerous ranges oriented
transverse to prevailing winds within the
Great Basin.

Mean annual precipitation in the Great
Basin ranges from less than 10 cm in the
lower basins to more than 76 com on the
higher mountain summits; a difference of
more than 51 cm over a distance of a few
kilometers is common. Most of the winter
precipitation falls as snow, while most of
the summer precipitation occurs as
infrequent torrential showers. Patterns
and amounts of precipitation are extremely
variable from year to year, while annual
temperatures are more consistent. In
general, relative humidity is very low.

Mean annual temperature for a given
altitude generally differs by about 6.1 °C
between southern and northern boundaries of
the Great Basin. Average January and July

temperatures across the  latitudinal

gradient are listed in Table 1.

Due to the closed drainage configuration
characteristic of the Great Basin
hydrographic region, all loss of pre-
cipitation is through evapotranspiration.
In the northern portion of the region,
precipitation generally equals or exceeds
evapotranspiration and permanent lakes are
maintained at the terminal sinks of larger
rivers. In the southeast, potential
evapotranspiration exceeds precipitation by
a considerable amount and there are no
permanent natural Tlakes.

In the Miocene and Pliocene, the climate
of the Great Basin was subhumid, with 63 to
76 cm of precipitation (Axelrod 1950).
Botanical evidence indicates that the
contemporary climate of the Great Basin
began in early Pleistocene time. The more
arid climate is thought to have resulted
from uplift of the Sierra Nevada by block
faulting (Morrison 1965). The Pleistocene
climate fluctuated considerably with res-
pect to both temperature and precipitation.

The cooler and wetter climatic periods of
the Pleiocene Epoch are called pluvials,
and are thought to have been 4.4 to 8.3 °C
cooler than interpluvial periods, causing

Table 1. Average January and July temperatures (Morris 1965).

Average Temperature (°C)

Location Latitude January July
Burns, OR 43.5 -4 19
Salt Lake City, UT 41 -1 25
Reno, NV 39.5 4] 22
Las Vegas, NV 36 7 30




permanent lakes to form in terminal basins.
These pluvial intervals were concurrent
with glacial intervals in the higher
mountains to the east and west of the Great
Basin, with studies of deposits showing
evidence of several such wet/dry cycles
(Morrison 1965). These climatic changes
caused biological 1life zones to move
hundreds of kilometers from north to south
and many thousands of meters up and down
mountainsides.

2.2 STRUCTURAL GEOLOGY OF GREAT BASIN
PHYSIOGRAPHIC SECTION

The topography of the Great Basin is
characterized by numerous north-to-south
trending ranges separated by broad, nearly
level basins. The topography is the result
of block faulting of folded and thrust-
faulted  overlapping  geosynclines  of
Paleozoic and early Mesozoic ages, and of
the accompanying deposition of mineral
debris weathered from upthrust portions of
blocks over downthrust block surfaces.

Throughout most of geologic history, the
central and eastern areas of the present
Great Basin were part of the Cordilleran
Geosyncline (see Figure T7a). Sediments
were deposited in the ancient sea that
passed back and forth over the Paleozoic
landscape, and formed the rock strata
conspicuous in mountain ranges throughout
the region. While calcareous sediments in
the eastern and northern areas of the
geosyncline were later consolidated as
limestone  strata, igneous sediments
characteristic of more westerly areas of

the geosyncline formed sandstone,
siltstone, and shale.
A second geosyncline formed in early

Mesozoic time along the western flank of
the Great Basin {(Figure 7b). Mesozoic
sediments, derived primarily from volcanic
eruptives, overlapped the western flank of
the Paleozoic geosyncline, while strata to
the east were folded and up-lifted in a
geanticline. The Mesozoic sediments are
evident in strata of ranges in the western
Great Basin,

In middie and late Mesozoic time, an
extensive batholith intruded into the
region of the Sierra-Cascade province,

causing folding, thrust faulting, and
uplift of the Paleozoic and Mesozoic strata
to the east (Figure 7c). During late
Mesozoic and early TJertiary time,
intrusions of igneous rocks (stocks and
laccoliths)  penetrated the  deformed
sedimentary strata of the Great Basin
(Figure 7d).

The extensive block faulting responsible
for the present topography of the Great
Basin began in middle Tertiary time (Figure
7e). Volcanic activity, which was sporadic
throughout the early Tertiary, became
extensive. As block faulting continued,
sediments weathered from upthrust portions
of blocks accumulated in the intervening
basins. Nolan (1943) suggests that block
faulting has been continuous since the
0ligocene age.

2.3 PHYSIOGRAPHY OF THE GREAT BASIN
SECTION

Fenneman {1931) defined the Great Basin
as a section of the basin and range
province. A latitudinal cross-section
through the center of the section resembles
a broad, partly-collapsed arch (Morrison
1965) having its highest part in eastern
Nevada and dipping towards both the east
and west. The longitudinal profile of the
section dips southward. Dutton (1880)
likened the pattern of discontinuous, sub-
parallel ranges to that of an "army of
caterpillars marching to Mexico." Hunt
(1967) further divides the Great Basin
physiographic section into five
subdivisions based on structure, topo-
graphy, hydrography, and surface deposits
(Figure 8).

The central subdivision of the Great
Rasin physiographic section is topo-
graphically and structurally elevated
relative to surrounding parts of the Great

Basin. Basins in eastern Nevada range from
1,615 to 1,838 m in elevation (Morrison
1965). During the Pleistocene, at least 21

pluvial lakes formed in the Central Basin,
some overflowing to adjacent Dbasins
(Meinzer 1922). Two basins within the
subdivision overflowed to the Colorado
River during late Pleistocene time
{Morrison 1965); the White River and Meadow
Valley Wash have maintained this external
drainage. Dry lake beds and playas make up

10



et

SR TeIGn
= ‘
4 v

_..LPT__L.T._L_?_T,_'.‘.LT—..,.—-—A—-Y‘-T
i i 4 i

VLI kgt by ;P'

Ty e rvoh v Srelers

Middle ond Lote Cenozoic block faulting, with sediments {QT) deposited
in the basins: Great Basin arched. Much volconic oction {not shown).

Figure 7. Evolution of geologic Structure in the Great Basin (from Hunt 1967).

11



GREAT BASIN D

v

B PHYSIOGRAPHIC SECTION

P00 A KO

Biney gy OB,
Hves. o Mol

WY OMING

5 P
«‘e

i * f;«;ism:
A L4
4

"
frras At

i
Wby : "r"{
!zumn ;
Y
wiv
Wt &
N

ek i
(S R

-
P
G

#

coLoRADO

ikw
Powadi

CALITEDRNT A

i
[
;
{
H
[

ARUIZONA

0

200 Miies

G
RORTH

Figure 8. Subdivisions of the Great Basin physiographic section (modified from Hunt 1967).

12



about 10% of the central subdivision, and
mountain ranges and alluvial fans about 45%
of the area (Hunt 1967). A major part of
the subdivision drains to the Lahontan
Basin via the Humboldt River.

The Bonneville subdivision is topo-
graphically Tlower than the central
subdivision to the west, with basin floors
commonly 1,158-1,524 m in elevation. The
subdivision is bordered to the east by the
Middle Rocky Mountain and Colorado Plateau
physiographic provinces. The Great Salt
Lake, covering an area of about 6,030 km®
in 1985 (U.S. Department of Interior,
Bureau of Land Manangement 1986), is the
modern relict of Lake Bonneville. Lake
flats and playas are extensive and
constitute about 40% of the Bonnevilie
subdivision. Mountain ranges occupy about
25%, and alluvial fans and bajadas make up
about 35% of the area (Hunt 1967). Delta
terraces, and beaches skirting the feet of
mountain  ranges in  the Bonneville
subdivision reflect several vrelatively
stable levels of Lake Bonneville.

The Lahontan subdivision is situated
between the elevated central subdivision
and the Sierra-Cascade province. Lake
Lahontan covered an area of about 22,442
km® at its maximum level during Pleistocene
time (Morrison 1965). Russell (1885)
determined that the pluvial lake never
overflowed its basin. Honey, Pyramid, and
Walker Lakes are relicts of Lake Lahontan.
The proportional extent of alluvial flats,
playas, alluvial fans, bajadas, and
mountain ranges in the Lahontan Basin is
similar to that described for the
Bonneville subdivision (Hunt 1967).

The northern subdivision is north of the
{ahontan subdivision and includes portions
of southeastern Oregon, northeastern
California, and northwestern Nevada. The
subdivision is characterized by many high
volcanic cones and thickblock-faulted lava
beds that are thought to be underlain by
the folded and faulted Mesozoic strata
characteristic of the Lahontan subdivision
(Hunt 1967). While topographically higher
than the Lahontan subdivision because of
the thick layers of volcanic sediments, the
subdivision is structurally depressed,
possibly as a result of the overlying mass
of Quaternary lava. At least 13 major
pluvial lakes filled basins in Pleistocene

time: several overflowed to the Snake
River, another drained to the Pacific via
the Pit River drainage and a few in the
vicinity of Honey Lake drained to the
Lahontan basin. Most of the pluvial lakes
lacked external drainage (Morrison 1965).
Many shallow lakes, remnants of the more
extensive pluvial bodies, are distributed
throughout the northern subdivision.

The southern  subdivision is  both
structurally and topographically lower
than the Lahontan and central subdivisions.
The northern boundary corresponds with the
Las Vegas shear zone, which runs parallel
to the diagonal southwestern boundary of
Nevada and extends from the vicinity of
Lake Mead to the vicinity of Walker Lake.
Blocks on the southwestern side of the
shear zone have moved northwesterly
relative to blocks on the northeastern
side; the extent of displacement appears to
have been several kilometers along the
southeastern part of the shear zone (Hunt
1967). The shear displacement is marked by
a northwest trending belt of low hills.
Strata exposed in the mountain ranges of
the southern area include intricately
folded and faulted Precambrian beds of a
geosyncline which preceded the Cordilleran
Geosyncline. Paleozoic strata and more
isolated early Mesozoic beds, granitic
intrusions related to the Sierra-Cascade
batholith, and a thick series of Tertiary

and Quaternary volcanic rocks also are
present. A series of pluvial Tlakes
inundated parts of the southern basin
during the Pleistocene Epoch. Lake

Russell, of which Mono Lake is a relict,
and two other sizable pluvial Tlakes
overflowed to Owens Lake via the Owens
River. Owens Lake drained through several
pluvial basins on its course to pluvial
Lake Manly in Death Valley. The Amargosa
River carried overfiow from three addi-
tional basins to Lake Manly, now a desert
playa. The southern subdivision includes
much of the Mojave Desert and is transi-
tional to the Sonoran Desert section of the
basin and range province (Fenneman 1931).

2.4 GEOMORPHOLOGY

Mountain ranges and basins are the major
geomorphic features of the Great Basin.
The land forms of the Great Basin are a
response to weathering and erosion acting
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upon diastrophic features. Lake terraces
and beaches skirting the flanks of the
Bonneville and Lahontan subdivisions are
evidence of climatic changes since the
Pleistocene age. Glacial land forms also
are evident in the highest mountain ranges
of the central subdivision.

2.4.1 Mountain Ranges

The mountain ranges of the Great Basin
are typically fault-block ranges that are
relatively narrow and oriented in a north-
to-south direction, with steep escarpments
on the wupthrust aspects and somewhat
gentler slopes on the down-dip aspects.
About three-fourths of Great Basin ranges
fit this generalized description (Bostick
et al. 1975).

Fenneman (1931} describes the "typical®
mountain range as 80-120 km long, 10-24 km
wide, 914-1524 m above the base, 2133-3048
m in elevation and north-to-south trending
with a slight deviation to the east.
Generally, the crests of the ranges are
relatively level with few prominent peaks,
although ridgelines may be very jagged.

Mountain slopes usually are nearly
uniform in angle from crest to base, thus
enhancing an appearance of steepness. The
angles of mountain slopes appear to remain

constant as escarpments recede (Hunt 1967),
which may be more a response to rock type
than to any other characteristic (Fenneman
1931). The sideslopes of some ranges
consist entirely of deep ravines, forming
V-shaped gorges that are separated by acute
ridge spurs (Gilbert 1890). Ravines 