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n much of western North America, riparian

(streamside) environments are the only part of
the landscape moist enough to allow survival of
trees (Fig. 1). Riparian landscapes are usually
defined as ecotones or corridors between terres-
trial and aquatic realms (Malanson 1993). In
spite of their limited areal extent, riparian
ecosystems are essential habitat for many verte-
brate species and provide critical physical and
biological linkages between terrestrial and
aquatic environments (Gregory et al. 1991).

Because of their association with scarce sur-
face water resources, western riparian €cosys-
tems have long been influenced by human activ-
ities. Human-caused perturbations can alter
energy and material flow in riverine ecosys-
tems, thus modifying riparian plant communi-
ties (Brinson 1990). Among the most serious
impacts to riparian ecosystems are water
impoundment and diversion, groundwater
pumping from alluvial aquifers, livestock graz-
ing, land clearing for agriculture or to increase
water yield, mining, road development, heavy
recreational demand, fire, the elimination of
native organisms (e.g., beaver [Castor canaden-
sis]) or the introduction of exotics, and overall
watershed degradation (Stromberg 1993).

Fig. 1. A cottonwood-willow riparian ecosystem illustrat-
ing how trees are closely associated with a water source in
an arid landscape. Arikaree River, Colorado. r

Riparian ecosystems along most major west-
ern rivers have changed as the result of water
development and flood control. Losses of ripar-
ian forest downstream of dams have been
reported from throughout western North
America (Rood and Mahoney 1990). In con-
trast, woodland expansion in other dam-regulat-
ed riparian ecosystems provides evidence that
the interrelationships between plant communi-
ties and hydrogeomorphic processes are com-
plex (Johnson 1994). As the result of wide-
spread, human-induced changes in hydrology
and land use, native cottonwood-willow stands
are being replaced by non-native woody species
such as Russian olive (Elaeagnus angustifolia)
and tamarisk (Tamarix ramosissima) through-

out the West (Olson and Knopf 1986.
and Scott 1990; Stromberg 1993). ’
In this article, we contrast the roles pla
by natural and human-induced dj yor
y 1 _ _uce IStUrbanCeS in
structuring western rparian  ecosystemsg, Ou
approach draws heavily on data from the 10Wer
Colorado and upper Missouri rivers, twq 1ar0er
diverse systems that showcase a range of nat;r.’
al and human factors influencing Tipariap
ecosystems throughout western North Americy
We also focus on how water and land-uge man:
agement may threaten these valuable ecologicy]

resources.

Most of the Missouri River, through the
Dakotas to its confluence with the MissiSSippi
River, is controlled by a series of large damg
and reservoirs constructed between the 19307
and 1950’s. These dams radically altered the
magnitude, timing, and frequency of flogg
flows that formerly promoted regeneration ang
maintenance of extensive riparian cottonwood
(Populus deltoides) forests (Johnson et al. 1976
Johnson 1992). Here, we examine the impor-
tance of flow variability and channel processes
in creating and maintaining riparian cotton-
wood stands in one of the last relatively natural-
ly functioning reaches of the upper Missouri
River in Montana.

The lower Colorado River ripatian ecosys-
tem (Nevada, California, and Arizona) has also
been affected by hydrologic change resulting
from human activities. Declines in riparian for-

KnOpf

- est dominated by cottonwood (Populus fremon-

tii) and willow (Salix gooddingii) have been
attributed to change in the physical environment
and to the extensive invasion of tamarisk. Our
evaluation of the Colorado River ecosystem
centered on an investigation of surface water-
groundwater linkages and how hydrologic fac-
tors affect water uptake and use in riparian trees
and shrubs. We also examined how hydrologic
perturbation and alteration of natural distur-
bance processes affect riparian community
structure along the lower Colorado River.

Methods

Upper Missouri River

We intensively sampled nine sites between
Fort Benton, Montana, and Fort Peck Reservolr.
Sites were selected primarily to represent the
range of geomorphic (see glossary) conditions
observed within this reach. Channel movement
is variously constrained through this portion of
river; in some reaches the channel meanders
whereas in other reaches lateral movement 1S
limited to a narrow valley floor. Previous work
demonstrates that the age structure of cotton-
wood populations is strongly influenced by




w that promote successful estab-
determined the precise age and
tablishment of 151 plains cotton-
in the study site and related their

o of flo

: stabl
‘o?ogical Survey (USGS) gauges.

.+ Colorado River

el,'bestablished three site§ foy an intensive
i }fsiological analysis of riparian plant. com-
Siies on the Havasu National Wildlife
in the lower Colorado River ﬂoodplau_l.
alyses were confined to stands of ripari-
tation that had been classified as cotton-
willow habitats (Anderson and Ohmart
ounker and Andersen 1986).

irology and Riparian
ystem Dynamics

eproduction and gro_wth of _riparian plant
are closely associated with peak flows
ated channel processes such as meander-
successful establishment of such plants
1 y occurs only in channel positions that
ist, bare, and protected from removal by
ent disturbance (Sigafoos 1964; Everitt
Noble 1979; Bradley and Smith 1986;
nberg et al. 1991; Sacchi and Price 1992;
n 1994). If streamflow is diverted, young
s may die (Smith et al. 1991). Studies of
t water uptake in floodplain ecosystems
ate that maintenance of cottonwood and
populations depends on groundwater
re sources which, in turn, are closely
d to instream flows (Busch et al. 1992).
the establishment and maintenance of
an plant communities are a function of the
play among surface water dynamics,
ndwater, and river channel processes.
aps and notes from the journals of Lewis
ark (1804-06) suggest that the present
tribution- and abundance of cottonwoods
ong the Missouri River within the study reach
generally similar to presettiement condi-
ns. Although flows through this reach are
uenced by Canyon Ferry Dam on the main-
L and Tiber Dam on the Marias River, the
easonal timing of flows and the magni-
and frequency of daily maximum flows
ot been greatly altered by dam opera-
This is due in part to the dam’s relatively
&l storage capacity and the presence of a
ber of unregulated tributaries below the
3 ﬂ“];nlm& the study reach represents one, if
,: ast,'sermfnaturally functioning reach
& the entire Missourj River.
ﬂl;a$olorgd0.River, the link of floodplain
e e Of:; with instream flows is illustrated
e : 1ation of river discharge and fluctu-
§ 1l Water table depth in the adjacent
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floodplain (Fig. 2). Further evidence for this
linkage comes from daily fluctuations in water
table depth, which correlated closely with the
Colorado River hydroperiod (Busch, unpub-
lished data). Colorado River floodplain soils
were dry. Volumetric soil moisture in the upper
1 m (3.3 ft) of the Colorado River soil profile
averaged less than 4%, while that of the nearby
and less heavily impacted Bill Williams River
averaged 13%. Incision of stream channels,
through either natural or human-induced caus-
es, can lead to the depression of floodplain
water tables (Williams and Wolman 1984).
Channelization of the lower Colorado River
appears to have led to floodplain groundwater
declines, and this has tended to isolate riparian
vegetation from its principal moisture source at
or near the water table (Busch et al. 1992).

Salinity and Alteration of
Riparian Ecosystem Processes

In regulated rivers, a lack of flooding or
infrequent groundwater incursion into surface
soils can result in altered nutrient dynamics.
The lack of an aqueous medium for salt disper-
sal may result in the elevation of soil salinity to
levels that are stressful to some of the trees and
shrubs native to southwestern riparian ecosys-
tems (Busch and Smith 1995). Colorado River
soils were significantly (P < 0.05) more saline
than soils in the adjacent Bill Williams River
floodplain. Salinities in Colorado River soils
exceeded levels shown to inhibit germination,
reduce vigor, and induce mortality in seedling
cottonwood and willow (Jackson et al. 1990).
Salt-tolerant species could thus benefit from
elevated alluvium salinity. Evidence for salinity
tolerance in both native and exotic halophytes
(plants growing in salty soils or a saltwater
environment) shows that arrowweed (Tessaria
sericea) and tamarisk had significantly (P <
0.05) higher leaf tissue sodium concentrations
(11.2 and 18.1 mg/g [pptl, respectively) than
did cottonwood (1.1 mg/g [ppt]) and willow
(0.7 mg/g [ppt)).
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Fig. 2. Streamflow in the lower
Colorado River and water table
depth fluctuations in the adjacent
floodplain.

Colorado River study site with
willow (note stress-induced
canopy die back) and exotic
tamarisk.

Constrained reach of the Missouri
River, Montana.
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Establishment Patterns of
Riparian Tree Populations

The structural diversity of riparian cotton-
wood and willow stands is a function of spatial
and temporal patterns of occurrence. These pat-
terns are largely determined by events during
the establishment phase (Stromberg et al. 1991;
Scott et al. 1993). Where stream regulation lim-
its flooding and channel movement (e.g., the
lower Colorado River), opportunities for seed
germination are limited. In such systems, com-
munity structure may become less dynamic
unless novel forms of disturbance such as fire
increase in importance relative to the natural
disturbance regime.

The magnitudes of flows associated with
cottonwood establishment are influenced by
local channel processes. Along the upper
Missouri River, sections of meandering channel
alternate with sections where lateral migration
does not occur. In meandering sections, suc-
cessful establishment occurs at relatively low
elevations above the channel (Fig. 3a), produc-
ing several bands of even-aged trees (Bradley
and Smith 1986).

If, however, lateral movement of the channel
is constrained by a narrow valley, successful
establishment occurs only at high elevations,
often producing a single, narrow band of trees
(Fig. 3b); seedlings initially established at lower
positions are removed by water or ice scour.
Where the channel is free to move, plant estab-
lishment occurs relatively frequently in associa-
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Fig. 3. Cross section in the (a) meandering channel reach, Missouri River, Montana, and (b) the
constrained channel reach. All seedlings established within 10 cm (3.9 in) of the present surface
(from Scott et al. 1994). For (a), at 160 m (525 ft) six trees were aged, but depth to establishment

surface was measured for only one.

tion with both moderate and high river flows
but where the channel is constrained, planE
establishment is associated with infrequent high
flows in excess of 1,400 m3/s (50,000 ft3/§)
Elimination of such high flows would large]y
eliminate cottonwood and willow stands frop,
the constrained reaches of the upper Missour
River and decrease the frequency of stand estap,.
lishment in the meandering reaches. Frop a
water-management perspective, then, it i
important to recognize how flow variability,
including infrequent large flows, shapes the djs.
tribution and abundance of riparian tree popyls.
tions.

Meandering reach of the Missouri River, Montana.

Disturbance Regimes and the
Invasion of Non-native Species

Riparian ecosystems are dependent upon
disturbance caused by occasional high flows.
Along rivers where these flows have been
reduced in frequency and magnitude, natural
riparian ecosystems are being lost along with
associated invertebrate and vertebrate species.
Resource managers concerned with maintaining
floodplain ecosystems need to consider ways of
preserving flows that produce establishment,
growth, and survival of native riparian Species.
If not, species such as tamarisk can expllo“
resources more efficiently than native ripanan
species, thereby altering whole ecosystem prop”
erties (Vitousek 1990). Thus, as Hobbs and
Huenneke (1992) suggest, modification of the
historical disturbance regimes will result in
decline in native species diversity. Although
successful plant invasions are often associated
with increased disturbance (Hobbs 198%
Rejmanek 1989; Hobbs and Huenneke 199%;
Parker et al. 1993), in situations where the f"
quency or intensity of a natural disturbanc® 8
decreased, the invasion of competitively super-
or non-natives may be promoted (Hobbs 2!
Huenneke 1992).




ost riparian plants are adapted to

l.thollt%}el rfl:.equelfcy’ timing, and duration of
od ngr,nay be highly altered on regulated

.m reaches. Fire appears to have increased
~ortance relative to flooding as a form of
1 It),oance affecting regulated southwestern
including the Colorado. Colorado River

‘m;wood and willow canopy cover decreased
slightly following ﬁre,_ bu_t burned cotton-
_willow stands had s1gn1ﬁcantl)_1 greater
r of both arrowweed and tamarisk (P <
05). Efficiency in water uPtake, transport,
se are among the mechanisms responsxb!e
uperior post-fire recovery of halophytic
s compared with trees native to the
rado River ecosystem (Busch and Smith

; s the result of ecosystem change over the
century, cottonwoods have become rare
. the lower Colorado River, and most
aining stands are dominated by senescent
in decline) individuals (Fig. 4). Although a
enescent segment was also a substantial por-

1of the willow population, this species is still
ively abundant in stands classified as cot-
wwood-willow habitat. Even so, salt-tolerant
ter stress-tolerant shrubs such as tamarisk

is a shrubby tree that has become natural-
throughout the western United States
on and Knopf 1986), forming extensive
nds in some areas (Knopf and Olson 1984;
wn 1990), particularly where historical river
flow patterns have been altered by water devel-
opment, such as along the Platte River in
Nebraska (Currier 1982) and the Bighorn River
yoming (Akashi 1988). Such conversion of
ran vegetation from native to non-native
cies may have profound wildlife manage-
nent implications. Bird species richness and
density, for example, are higher in native ripar-
egetation than in habitats dominated by
arisk or Russian-olive (Knopf and Olson
984; Brown 1990; Rosenberg et al. 1991).

The health of natural riparian ecosystems is
dto the periodic occurrence of flood flows,
lated channel dynamics, and the preserva-
n of pase flows capable of sustaining high
Odplain water tables. The establishment of
:Yfererlparlan vegetation is diminished when
~ ~quency and magnitude of peak river
WS are reduced. Water uptake and water-use
i hgils lnqlcate tha}t na_ltive trees are replaced
~%ére -n?tlve Species in riparian ecosystems
pe li reamflows are highly modified.
e e b“PaIlap ecosystems are most directly
o y altered streamflow, additional fac-
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tors threaten their integrity, including ground-
water pumping (Stromberg et al. 1992), grazing
(Armour et al. 1991), timber harvest and land
clearing (Brinson et al. 1981), and fire (Busch
and Smith 1993). Studies are under way to eval-
uate whether exotic plants will encroach further
into riparian ecosystems, given conditions pre-
dicted under global climate change scenarios.
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iparian (streamside) vegetation commumi-

ties provide valuable habitat for wildlife,
particularly in the arid and semi-arid Southwest,
where such communities make up less than 1%
of the landscape (Knopf et al. 1988).
Agricultural conversion, urban and suburban
expansion, water development, recreation, and
invasion by non-native species such as Russian
olive (Elaeagnus angustifolia) and saltcedar
(Tamarix spp.) have severely reduced the extent
and quality of these habitats. Despite such
impacts, the floodplain of the Rio Grande in
central New Mexico supports one of the most
extensive cottonwood (Populus fremontii)
gallery forests (bosque) remaining in the
Southwest (Howe and Knopf 1991), and inter-
est in ensuring the long-term health and viabili-
ty of native communities along the Rio Grande
has been steadily increasing (Crawford et al.
1993). This article documents changes between
1935 and 1989 in cover types of the floodplain
of the Rio Grande in central New Mexico.

Study Area

The study area covers the historical flood-
plain of the Rio Grande from Velarde, New

Mexico, to the narrows at Elephant Butte
Reservoir, New Mexico, a distance of nearly
250 river mi (402 km; Figure). The historical
floodplain in this reach encompasses more than
95,000 ha (nearly 236,000 acres); about 9,650
ha (24,000 acres) were omitted from the analy-
sis because 1989 photography was unavailable.

Classification

Wetlands were classified according to the
system used by the U.S. Fish and Wildlife
Service’s (USFWS) National —Wetlands
Inventory (Cowardin et al. 1979). Wooded
riparian (nonwetland) areas were classified
according to an unpublished system developed
by the USFWS and the Arizona Riparial
Council. The remaining uplands were classified
according to a system developed by the US.
Geological Survey (Anderson et al. 1976).

These classification systems provided more
than 160 cover classes, an unmanageable num-
ber for an analysis of change. Thus, we aggl®
gated the original classes in our geographtc
information system (GIS) into 11 broader types.

Expansion of saltcedar is of great concern !
the Rio Grande valley in New Mexico, and




