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ABSTRACT: Riparianecosystemsservecritical ecological functionsinwesternlandscapes. Thewoody plant
componentsin many of these keystone systems arein serious decline. Among the causes areinvasion by exotic
species, stress-induced mortality, increases in insect and disease attack, drought, beaver, fire, climatic
changes, and various anthropogenic activities. The latter include agricultural development, groundwater
depletion, dam construction, water diversion, gravel mining, timber harvesting, recreation, urbanization, and
grazing. Thisarticleexaminesthefactorsimplicatedinthedeclineand discussestheimportance of interactions
among thesefactorsin causing decline. It also clarifiesissuesthat need to be addressed in order torestoreand
maintain sustainable riparian ecosystems in the western United Sates, including the function of vegetation,
silvics of the woody plant species involved, hydrologic condition, riparian zone structure, and landscape
features, geomor phol ogy, and management objectives. West. J. Appl. For. 16(4): 169-181.
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Riparian Zonesand Their Importance

The ecological and economic importance of riparian eco-
systems far exceeds their small footprint on the landscape
(<2%, Svejcar 1997a). They arehighly productive, providing
water and essential habitat for various fish and fauna. Be-
cause they serve critical functions within and beyond their
boundaries, theseecosystemsmust beexaminedinthebroader
context of the landscapes in which they occur.

Riparian refersto “the zone of direct interaction between
terrestrial and aquatic environments” (Oliver and Hinckley
1987). Itincludesaperennial or ephemeral stream channel, a
zone within the flood plain dominated by hydric woody
plants or aquatic graminoids such as sedges, and aterrestrial
area where vegetation and microclimate are influenced by
perennial or intermittent water tablesand by the ability of soil
to store water (Figure 1). Riparian ecosystems range from
southwestern arroyos that receive surface water only occa-
sionally to the densely wooded banks of riversin the Pacific
Northwest. Their compositionrangesfromaquatic graminoid-
sedge wet meadows to extensive deciduous, coniferous, or
mixed-gallery forest.

Riparian zones are important not only because of the
plants and animalsthat inhabit them but al so because of their
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linkageswiththenatural characteristicsand ecol ogical health
of streamsand rivers (Naiman et al. 1992). Riparian vegeta-
tion influences light and temperature, supplies food for
stream biota, and contributes large woody debris. Healthy
riparian areas filter out large quantities of sediments, nutri-
ents, pesticides, and animal wastes—nonpoint source con-
taminants responsible for more than 50% of the pollution in
our nation’ swaters (Fail et al. 1988, Welsch 1991). Riparian
ecosystems al so can moderate flooding and provide a steady
baseflow during dry periods.

In thisarticle we discuss factorsimplicated in the decline
of Western riparian ecosystems, examineinteractionsamong
these factors, and clarify issues that need to be addressed in
order to restore and maintain their sustainability.

Sustainability and Health

Riparian health often is defined in terms of watershed-
level functions—such as organic debris inputs, fluctuations
in light and temperature and streamflow—that influence the
physical, chemical, and biotic character of riparian and in-
stream systems (Naiman et a. 1992). DeBano and Schmidt
(1989) define riparian health as “ a stage of vegetative, geo-
morphic, and hydrologic development, along with a degree
of structural integrity...” Thisdefinitionreflectsequilibrium
between aggradation and degradation processes and recog-
nizes the importance of relatively static “stages’ of vegeta-
tive, geomorphic, and hydrologic development while ac-
knowledging the evolving nature of riparian zones.
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Figure 1. Riparian zone components: A: Perennial or ephemeral stream channel, B: First terrace flood
plain dominated by hydric plants, and C: secondary and tertiary terraces influenced by perennial or
intermittent water tables (adapted from Binford and Buchenau 1993).

Riparian Disturbance

Riparian areasarecomplex, diverse, and constantly chang-
ing because of their dynamic fluvial systems(Svejcar 1997a,
Karr 1996). Unlike streamflow regimes and hydroclimate,

riparian ecosystems exhibit local and regional distinctions
(Lins 1997). When subjected to disturbance, resistant ripar-
ian systems do not change out of the range of their natural
state. Resilient riparian ecosystems may shift to adisturbed,
stable state, but eventually recover to anatural dynamic state
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Figure 2. Conceptual responses of riparian ecosystems to natural and human-induced disturbances

(adapted from Kauffman et al. 1997).
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in the short term. However, if the frequency or severity of
disturbanceincreases, then ecosystemheal thand sustai nability
can decline. Theconseguence can be ashift to another stable,
but permanently disturbed state (Figure 2).

Short-term disturbancesin riparian systemsarerelatively
easy to comprehend and observe; however, short-term views
can bias perception of the true dynamic state. The 100 yr
“surprise” flood isbut another disturbancein thelong evolu-
tion of ariparian zone. Long-term disturbances, particularly
those out of our current observational and historical range,
may confuse our interpretation of the dynamic state of ripar-
ian ecosystemsand thereal magnitude of thedisturbanceswe
observe. For example, riparian zones in the Great Basin are
still adjusting to the drying up of late Pleistocene lakes, and
consequent lowering of base levels (Masters et al. 1991).
Riparian zonesin the Southwest have experienced four major
sequences of aggradation and degradation at interval s of 150
to 400 yr over the past 2,100 yr (Grissino-Mayer 1996).

Properly Functioning Vegetation

Riparian ecosystemsrangefrom heavily wooded to domi-
nance by aguatic graminoids such as Carex spp. and Juncus
spp. (Medina 1996). Properly functioning riparian systems
have: (1) stable stream banks, (2) good water quality, (3) a
high water table, (4) high production of terrestrial biomass,
(5) accretion of soil organic matter, (6) perennial vegetation,
(7) native vegetation, (8) sustained aquatic fauna, and (9) a
soil-geologic matrix that promotes water retention and
baseflows. Woody and/or herbaceous vegetation provides
these functions (Medina 1996).

A paucity of woody plants does not necessarily indicate
a declining riparian system. Root density and depth are
critical to streambank stability and some of the highest root
mass develops not in wooded, but in sedge dominated
riparian areas (Manning et al. 1989). These plants have the
greatest ability to maintain streambank stability during high
velocity flood flows. There can be good reasons (e.g.,
climate, hydrologic regime, fire history, natural herbivory
levels, etc.) why woody plants are scarce or absent in a
particular riparian system.

Woody Vegetation Decline

Woody riparian vegetati on has been declining throughout
the West (Boldt et a. 1978, Johnson and Haight 1984,
Minckley and Rinne 1985, Greenand K auffman 1989, K reuper
1993, Rood et al. 1995). These declines have resulted from
combinations of natural and anthropogenic factors such as
drought, water diversions, groundwater depletion, dams,
exotic species, climatic changes, timber harvest, mining,
urbani zation, insect outbreaks, recreation, wildfire, and graz-
ing (Minckley and Brown 1982, Svejcar 1997b). These
declines are not all new; some riparian areas were already
highly disturbed by the mid-1800s (Leopold 1951, 1959).

Greenand Kauffman (1989) indicated that morethan 70%
of the riparian areas in the United States have been altered;
less than 2% remain natural. Of the 400,000 ac of Sonoran
riparianforeststhat grew along the Colorado River from Fort

Mohaveto Fort Y umaaround 1900, only 768 ac remained by
1986 (Kreuper 1993). In the Salt River Valley of Arizona,
damsled to down-channel declineof mesquite (Prosopissp.)
riparian systems (Minckley and Rinne 1985). Johnson and
Haight (1984) estimated a 70-95% loss of natural riparian
vegetation in the Southwest. |n the Gunnison Basin of Colo-
rado, half of the riparian systems are in poor condition (G.
Kittel, Colorado Natural Heritage Program, pers. comm.,
1994). On the Great Plains, many riparian woodlands have
been replaced by grassesandforbs (Boldtetal. 1978). A 68%
declinein cottonwoods along the St. Mary River in southern
Albertawas related to water diversion (Rood et a 1995).

Declineinriparian health hasresulted fromimbalancesin
aggradation and degradation processes. In some systems,
management practi cescombined with variousenvironmental
changes (temperature, drought, flood, exotic species, etc.)
have produced unstabl e vegetative structures and/or compo-
sitions. Theresultsareincreased stress, mortality of unadapted
speci es, and consequent shiftsin speciescomposition to ones
better adapted to the new conditions.

The forest decline model of Muller-Dumboise (1992)
and Manion and Lachance (1992) provides a means to
examine decline of woody vegetation in riparian ecosys-
tems. The model contains four generic causal factors (sim-
plified forest structure, edaphically extremesites, recurring
perturbations, and biotic agents) that fit into a three-step
spiral of decline. Thefirst step consists of such Predispos-
ing Factorsasgenetic potential, age, urban disturbance, soil
compaction, poor fertility, altered salinity, low soil mois-
ture capacity, poor soil drainage, climate change, and air
pollution. The second step consistsof such Inciting Factors
as defoliating insects, fungi, drought, salinity, frost, air
pollution, and soil disturbance. The final step consists of
Contributing Factors that are mainly biotic agents such as
fungi, wood and bark boring insects, root rots, viruses,
nematodes, and saprobic decay.

Predisposing Factors

Predisposing factors are stationary conditions resulting
in stresses that remain relatively static within the current
environment (Manion 1981). Climate, soils, age of woody
species, and exotic plantsarethemajor predisposing factors
implicated in declines of woody vegetation in Western
riparian systems.

Climate

Many Western climates are characterized by low pre-
cipitation, cold winters, and hot windy summers that
produce high rates of evapotranspiration. Coupled with a
short growing season, this creates a harsh environment
for tree survival (Girard et al. 1987). Western climates
also are characterized by wet and dry periods. Peterson
(1979) reported 269 yr of drought and 469 wet yearsover
a 738 yr period in Nebraska. Dry and wet periods aver-
aged 13 and 24 yr and ranged from 5-38 and 3-69 yr,
respectively. Thus, the general climate may periodically
increase or decrease stress on riparian species. Grissino-
Mayer (1996) reconstructed precipitationin New Mexico
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for the past 2,129 yr and found that there had been four
major aggradation-degradation cycles. He documented
droughts lasting nearly 400 yr and wet periods of up to
350 yr. The past 200 yr period is the wettest since the
seventh century, and the past decade has been the wettest
of the entire record. A similar shifting occurs in the
Pacific Northwest, which generally has wet winters and
dry summers (Spurr and Barnes 1980). Alterations in
weather patterns owing to global climatic processes such
as El Nifio and La Nifia can generate markedly drier or
wetter conditions (Risser 1992).

These phenomena also can alter the runoff and flooding
events that sustain many riparian systems. Shifts from
aggradation to degradation cycles increase flood flows,
stream downcutting, and changesin vegetation. In addition,
along ephemeral or intermittent streams, nonriparian spe-
cies such as ponderosa pine (Pinus ponder osa) often domi-
nate because of limited moisture. During wetter periods,
there are also fewer disturbances such as wildfire. This
change allows shade-tolerant species to increase in abun-
dance and density—increases that can lead to stress during
later periods of drought.

These climatic factors may predispose some species to
the debilitating effectsof other factors (i nsects, diseases, air
pollutants, mechanical injury, etc.), while coincidentally
improving conditions for other species. For example, dur-
ing dry periods, certain grasses may colonize sites previ-
ously dominated by moist-site species such as cottonwood
(Populus spp.) and willow (Salix spp.). Fresh aluvium is
important to the establishment of pioneer species such as
cottonwood and willow (Johnson et al. 1976). If drier
weather patternsprevent alluvial development, then species
better adapted to nondisturbance such as ash (Fraxinus
spp.), boxelder (Acer negundo), or oak (Quercus spp.) may
begin to dominate.

Soils

Soil typescan predisposeriparian zonesto declineastheir
physical, chemical, and biol ogical characteristicsaffect mois-
ture and nutrient availability (Powers 1991). Coarse soils
(those with a high percentage of sands or gravels) limit
moisture holding and can reduce the ability of plants, espe-
cially shallow rooted species, to obtain moisture when water
levels decline. Moisture-hol ding capacity is particularly im-
portant for seedling and sprout establishment.

Compaction, erosion, and loss of the litter layer influence
soil moistureand nutrient availability. Trampling by wildlife
and livestock, wildfires, recreational traffic, and the impacts
of increasing urbanization can alter physical properties of
soil andinfluencetheability of woody plantsto acquirewater
and nutrients—thus predisposing them to decline.

Age of Woody Species

Astreesage, susceptibility to insectsand diseaseincrease
and their ability to recover from damage decreases. The
influence of ageisevident in declining riparian woodlands of
the Great Plains, where senescing trees became increasingly
vulnerable to damage by harsh climate, insect attack, dis-
eases, and mechanical stresses (Boldt et al. 1978).
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Old trees have dominated certain riparian ecosystems
through time; however, when such an overstory dieswithout
an established understory, then other drought-tolerant spe-
ciessuchasgrasses, forbs, and exoticsmoveinand reducethe
potential for futurenatural woody vegetation. L ack of natural
regeneration is due mainly to cattle grazing in the Great
Plains (Severson and Boldt 1978). In the Southwest, water
diversion and groundwater pumping are significant causes
(Howe and Knopf 1991, Stromberg 1993a), as are cattle and
elk grazing, and sand and gravel mining (Stromberg, 1993b).

Exotic Species

Russian-olive (Elaeagnus angustifolia), a native of Eu-
ropeand western Asiaintroduced around 1900, and tamarisk
(Tamarix chinensis), introduced in the early 1800s from
Europe, have invaded many riparian sites because of a
decreasein flooding events that create mineral seedbeds for
disturbance-dependent native species such as cottonwood
(Horton1977,and Borell 1962). Also, tamarisk hasa5 month
fruiting period, and Russian-olive has afall to spring period
of seed viability—life cycle features that give the exotics a
longer period to exploit suitable germination conditions. In
addition, shading by exotics minimizes the potential for
successful cottonwood regeneration, and exotics are more
competitive in shade (Howe and Knopf 1991) and under
drought (Cleverly et al. 1997).

Horton (1977) found that phreatophyte species such as
cottonwood and willow (Salix spp.) spread by releasing many
wind-borne seeds that germinate quickly on water or moist
soil. Asthese small seeds quickly lose viability, they need to
germinate within 2 to 4 months. They reguire much moister
soils for a longer time than does tamarisk and are poor
competitors in shade, whereas Russian-olive grows well in
shade beneath large cottonwoods (Borell 1962). Once estab-
lished, these exotics outcompete cottonwood and willow for
light and limited water.

Tamarisk’ s high tolerance to salt, coupled with its ability
to increase the concentration of soil salts through autogenic
processes, givesit acompetitive advantage over many native
species (Stromberg 1993a). It also can grow rapidly in wet
years, yet tolerate years of drought and heat stress (Cleverly
et al. 1997). Reduction in streamflow, stream regulation, or
water diversion may give exotic species further advantage.

In the Southwest, tamarisk has invaded many mesquite
bosques and cottonwood/willow forests (Stromberg 1993a,
b). Along lower reaches of the Colorado River, increasing
tamarisk invasion limits cottonwood regeneration (Snyder
and Miller 1992). In Colorado, dying riparian cottonwoods
are being replaced by Russian-olive, raising concern about
how aspeciesshift will affect theseriparian systems(Hibbert
1979). In New Mexico, the Rio Grande riparian system will
likely bedominated by exotic specieswithinthe next century
(Howe and Knopf 1991).

These shifts toward exotic woody plants could signifi-
cantly influence wildlife habitat. Carothers and Johnson
(1975) and Hubbard (1977) noted reductions in diversity,
faunal-plant assemblages, uniqueness, and critical habitat in
riparian systems dominated by exotics. Besides influencing
terrestrial wildlife and vegetation, loss of native riparian
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speciesal so may affectinvertebrateswithin streams. Changes
in the chemical nature of organic material entering streams
coupled with changes in light may affect food available to
micro- and macro-invertebrates (Sweeney 1992).

Other exotics also may stress native species in riparian
systems. In the Pacific Northwest, Himalayan blackberry
(Rubus procerus) and (Scenecio spp.) turned a tree-domi-
nated riparian zone into a monoculture of shrubs (Newton
1989). Tree species exotic to the Great Plains, such as
Siberian elm (Ulmus pumila), may be invading riparian
woodlandswith poorly understood consequences. Therecent
explosion of annual, biennial, and perennial weeds such as
diffuse knapweed (Centaurea difusa) is further stressing
native riparian species across the West (De Waal 1994).

Inciting Factors

Incitants may be biotic or abiotic, are generally short in
duration, and cause relatively severe damage or injury. A
plant’ sability torecover fromthisdamageor injury islimited
because of the unchanging stress created by predisposing
factors. Mgjor inciting factorsinriparian declineare: grazing
by domestic and wild animals, wildfire, recreation, drought,
floods, water diversion, insect defoliators, vegetation re-
moval, and beaver (Castor canadensis). Their primary im-
pact has been to reduce plant vigor through mechanical
damage, soil compaction, disturbance, and increased suscep-
tibility to insects and disease-causing organisms.

Grazing

Past livestock grazing has exacerbated decline in many
riparian ecosystems. However, as livestock numbers recede
across the West, expanding populations of native ungul ates,
particularly elk (Cervuselaphus), may causesimilar damage.
Significant concerns with grazing include: (1) soil compac-
tion from trampling; (2) herbage removal that lowers vigor
and alters competitive advantages among species; (3) physi-
cal damageto plantsfrom trampling, rubbing, and browsing;
and (4) changes in fluvial processes that may lower water
tables and eliminate germination sites for woody vegetation
(Kauffman 1988).

Trampling breaks down soil aggregates and associated
soil pore space (Spurr and Barnes 1980). Compaction de-
creases infiltration rates and water available to plants while
increasing surfacerunoff and erosion (Kauffmanand K reuger
1984). Compacted soilsmay hold|esswater in springand dry
out earlierinfall andwinter (Steinbrenner 1951). By contrast,
hoof action can assist recovery of disturbed streambanks as
it creates more microsites for seed germination and reduces
the angle of repose of incised streambanks that can aid plant
colonization (Rosgen 1996).

Herbageremoval can alter vegetation structure and compo-
sition (Kauffman and K reuger 1984) through sel ectivefeeding
by different herbivores (Spurr and Barnes 1980) and the
greater sensitivity of certain plants to trampling and grazing.
Kauffman and Kreuger (1984) noted that overgrazing and site
deterioration resulted in the replacement of native bunch
grasseswith Kentucky bluegrass (Poa pratensis) inthe Pacific
Northwest. In the Custer National Forest in North Dakota,

grazing and trampling by livestock lead to reproduction fail-
uresin woody draws (Hansen et al. 1984). Grazing of cotton-
wood seedlingslimited regeneration along asouthern Arizona
creek (Glinski 1977). In Yéellowstone Nationa Park, a 95%
decline in the numbers of tall willows (Salix bebbiana, S
boothii, S. lutea, and S geyeriana) and virtual elimination of
willow seed productionwasdueto repeated elk browsing (Kay
and Chadde 1991). L argeincreasesin the number and range of
elk inthe Southwest during the past century could substantially
change vegetation in riparian zones (Truett 1996).

Herbage removal also can affect seed production by re-
moving flower buds (Kay and Chadde 1991), reducing plant
size, and causing photosynthate to be diverted to replacing
needed tissue (Oliver and Larsen 1990). In addition, herbage
removal can slow devel opment of riparian systems. Kauffman
et al. (1983) noted that grazing slowed successionin riparian
systems dominated by willows and black cottonwood (P.
trichocarpa), with tree densities being consistently lower in
stands grazed late in the season. In the Pacific Northwest,
livestock and game herds degraded willow-dominated sites,
decreased forage production, and reduced or eliminated
willows from many suitable habitats (Kindschy 1985,
Kovalchik 1987).

Rubbing and trampling breaks or wounds stems and
branches, creating entrywaysfor insectsand disease-causing
organisms. Cytosporacanker increased in aspen in Colorado
due to heavy grazing (W. Shepperd, USDA Forest Service,
1994, pers.comm.). Stemwoundingisrequiredfor Cytospora
sp. to infect, and grazers and browsers were the primary
agents of such wounding in northeastern Oregon (Filip et al.
1992). In response to damage, plants divert energy from
growth and devel opment to callus (Oliver and Larsen 1990).

Grazing has exacerbated downcutting of stream channels
during the past 100 yr (Trimble and Mendel 1995). Cattle,
sheep, and elk have weakened streambanks and disrupted
substratesthat armor channel bottoms, ashoof actioninitiates
channel downcutting (Neary and M edina1996, Medina1996).
Eventually, channelsloseriffle areas, streams migrate later-
aly, pools become shallow, the water table lowers, and
riparian vegetation shiftsfrom hydric to more mesic species.

Riparian Vegetation Removal

Native Americans impacted trees and shrubs in riparian
areasof theWest, asdid settlersremoving woody vegetation.
There were about 775,000 ac of riparian woodlandsin Cali-
fornia circa 1850. By the late 1800s, these woodlands had
been reduced significantly by settlers seeking wood and
converting land to agricultural use. By 1977, only 12,000 ac
(1.5%) remained (Sands and Howe 1977).

Mechanical equipment, grazing, and water regulation
have reduced riparian vegetation by 95% in lowlands of the
Southwest (Johnson and Haight 1984). In the northern Black
Hills, numerous riparian areas were cleared of willow and
shrubsfor agricultural use (Froiland 1962). Inthe Northwest,
timber harvesting in riparian zones before the 1970s showed
little regard for objectives other than removal of timber
volume (Anderson 1985).

Logging affects riparian zones through tree falling and
skidding, road construction, and vegetationremoval (DeBano
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and Schmidt 1990). These factors compact and disturb soil,
whichincreaseserosion, reducesgrowth, and further stresses
residual vegetation. Vegetation removal also can alter tem-
perature, species composition, and structural diversity (e.g.,
change an uneven-aged canopy to even-aged).

In the Northwest, fire and conifer logging have left many
riparian areas dominated by red alder (Alnus rubra), with
dense salmonberry (Rubus spectabilis) understories, and all
but a few scattered conifers have been suppressed and out-
grown (Bacon and McConnell 1989). Large conifers were
historically a part of these systems.

Soil compaction from logging can minimize the potential
for riparian vegetation to use water and nutrients or to
regenerate. Soil compaction and associated root damage on
skid trails can hinder aspen sprouting (Shepperd 1993),
whereas skidding throughout an area can stress residual
plantsand new regeneration. Splash dams, commonly built to
float logs out of harvested areas prior to the 1930s, markedly
altered many streams and their associated riparian areas
(Sedell et al. 1988).

Water Diversion and Regulation

Dams and diversion canals have significantly altered
habitat for woody riparian vegetation. Stromberg (1993b)
surmised that altering water resources is among the greatest
threats to Sonoran cottonwood-willow ecosystems. Rood
and Mahoney (1993) placed damming and water diversion
right after livestock grazing and agricultura clearing as
causes of decline in cottonwood riparian systems. Crouch
(1979) specul ated that water management and diversionwere
the most important factors in cottonwood decline on the
South Platte River.

Many riparian species are sensitive to changes in hydro-
logic regimes that affect flooding periodicities and water
table depth. Cottonwood, like many riparian species, is
adapted to spring flooding and high water tables. Water
diversion has significantly reduced the number of floods,
minimized the area available for potential seedbeds, and
reduced water tables to depths that prevent established cot-
tonwoods from drawing water. In some areas, dams and
diversions have shifted flow patterns from spring or early
summer to midsummer or later. Conditions of stress similar
to those of extreme drought have occurred, causing “xylem
cavitation” in some cottonwoods, which reduces stem hy-
draulic conductivity and may contribute to their decline
(Tyree et a. 1994). In some cases, root systems may not be
abletogrow fast enoughtokeep upwith thelowering of water
tables (Groeneveld and Griepentrog 1985).

Johnson et al. (1976) found lessradial growth, low seed-
ling recruitment of cottonwood and peach leaf willow (S
amygdaloides), and low survival of boxelder and American
elm (Ulmus americana) seedlings following reservoir con-
struction along the upper Missouri River. Furthermore, con-
struction of the Garrison Dam altered flood patterns from
April-July to February-March and decreased erosion and
depositionrates (Johnson 1992). These changesare expected
to cause the cottonwood-dominated forest to give way to a
forest lower in species diversity and vertical structure and
dominated by green ash (Fraxinus pennsylvanica).
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Water diversion and regulation also havefostered growth
of exotics such as Russian-olive and tamarisk that can
outcompete cottonwood and willow for available seedbeds.
In the Southwest, tributaries of all major rivers have been
affected by diversion of sometype. For example, by the mid-
1900s, water diversion on the Gila-Salt-Verde River system
left lessthan 50% of theoriginal length freeflowing (Johnson
and Haight 1984).

Development of Fresno Dam in Montana so reduced
flood magnitude and intensity that the density of cotton-
woods decreased significantly over 45 yr (Bradley and
Smith 1986). Even though recruitment of cottonwood
seedlingscontinues, survival islow. Not enough seedlings
are growing in the critical zone; that is, far enough above
water level toroot before flooding disturbstheir establish-
ment, yet near enough to draw sufficient moisture to
endure. St. Mary Dam in southern Alberta caused similar
problems (Rood et al. 1995).

By contrast, atributary of the South Platte River experienced
a striking shift from sparse grasses to dense woody vegetation
after dam construction (Hadley and Emmett 1998). The rapid
changewaslinkedto channel degpening, reduced sediment- and
vegetation-scouring peakflows, and increased dry-season low
flows. A primary effect of water diversion is on hydrologic
regimes and geomorphic conditions. In some partsof the West,
riparian woody vegetation is probably more abundant owing to
human-induced disturbances. Thus, some declinesthat we cur-
rently observe may actually be dow recovery to a natura
dynamic state (Figure 2). In evaluating whether or not riparian
“decling’ is redly occurring, understanding the nature and
trends of past disturbancesis important.

Drought

The 1930sdrought in the Great Plainskilled innumerable
treeswithinriparian zones. InthePacific Northwest, drought,
together with stand densities and species compositions cre-
ated during more mesic periods, has led to increased mortal -
ity, lowered productivity, and insect and disease outbreaks
(USDA 1992). Drought minimizesaplant’ sability to photo-
synthesizethat canresult in stressor death (Spurr and Barnes
1980). It also affects reproduction by minimizing moisture
availablefor germination, or by altering patterns of flooding
that can minimizethe creation of seedbedsfor flood-adapted
species. A flood pattern that maximizes development of
sediment beds for seedling establishment and growth is
critical to the cottonwood life cycle (Crouch 1979).

Drought also influences native riparian species because
they cannot compete with exotics better adapted to drier
conditions and minimal flooding. Stromberg (1993b) noted
that summer flooding, no flooding, or reduced or altered
water tables allowed tamarisk to invade cottonwood-willow
systemsin Arizona.

Groundwater Decline

Urban and agricultural use hasmarkedly lowered ground-
water levels in some areas. Groundwater is important to
riparian vegetation during periods of drought or in areas of
low seasonal precipitation (Groeneveld and Griepentrog 1985,
Stromberg et al. 1992). For example, stress on mesquite
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woodlandsincreased withincreasi ng groundwater withdrawal
from an ephemeral creek in Arizona (Stromberg et al. 1992).
Although summer rains and seasonal surface flow tempo-
rarily reduced stress, effects of a decreased water table were
not offset and led to continued stress and decline. Along the
Carmel River in California, vegetation decline and severe
bank erosion were linked to groundwater lowering
(Groeneveld and Griepentrog 1985).

Flooding

Flood events can be major inciting factors of riparian
decline in certain streamflow regimes. Riparian systems
along streams having episodic, high volume, high velocity
stormflowscan suffer major reductionsinwoody vegetation.
Treesthat establishin thefloodplain between major floodsor
onthefirst terrace can be scoured out by high velocity flows,
particularly when canyon walls confine streamflows within
narrow channels. In the upper Verde River of Arizona, peak
stormflowsincreased eightfold over a30yr period, culminat-
ingina70yr return period storm in 1993 (Neary and Rinne
1998). In reaches of the Verde River confined by steep
bedrock walls, most sapling and larger cottonwoods and
willows were removed by high flows. Most old-growth
cottonwoods occur on second and third terraces in wide
reaches of the channel.

Recreation

Stressescreated by camping, hiking, and off-road vehicles
have affected riparian systems. Heavy recreational use can
mimic damage caused by grazing. Foot and vehicle traffic
compacts soils and impacts vegetation by: (1) reducing
density and diversity of herbaceous ground cover, (2) lower-
ing tree vigor, (3) eliminating seedlings and saplings, (4)
increasing infection of mature trees by microorganisms, (5)
shifting species to plants adapted to disturbance, and (6)
increasing the potential for invasion by exotics (Johnson and
Carothers 1982).

Younger trees can be reduced or eliminated on sites
receivingmoderateor heavy recreational use(Manning 1979).
In areas of concentrated use, aspen stands suffer from carv-
ing, vandalism, trampling, firewood cutting, sucker removal,
and soil disturbance (DeByle 1985). This damage reduces
advanceregeneration and treevigor whileincreasi ng suscep-
tibility to insects and disease-causing organisms.

I nsects

Although an array of insects is associated with riparian
hardwoods in the western United States (Table 1), their roles
in decline are largely undocumented. Most studies address
upland environments experiencing large-scale outbreaks. The
overall effect of insects within riparian zones may be subtler.

For example, the poplar and willow borer (Sternochetus
lapathi), introduced from Europein 1882, feeds on theinner
bark and bores into the center of the stem to pupate. In the
Black Hills, this borer was common but did not kill many
willows; rather the weakened trees could not withstand other
damaging factors (Froiland 1962).

Certain insects set the stage for attack by others. The
forest tent caterpillar (Malacosoma spp.) defoliates many
riparian woody species (Johnson and Lyon 1988, Furniss

Table 1. Insect species and types associated with hardwood
riparian species of the western United States.

No. of Insect
Tree species insect species type*
Acer negundo 2 1,2
Betula papyrifera 5 1,2
Fraxinus pennsylvanica 4 1,2
Populus fremontii 2 3
P. deltoides v. occidentalis 14 1,2,3
P. tremuloides 7 1,2,3
P. trichocarpa 3 1,2
Quercus macrocarpa 1 2
Salix spp. 5 1
Tilia Americana 18 1,2,3,4
Ulmus americana 6 1,2,4

* Insect Type: 1 = defoliators, skeletonizers, and leaf miners; 2 = borers; 3 = gall

and Carolin 1977). Typically this defoliation alone is not
significant; however, it may leave oaks vulnerable to seri-
ous outbreaks of the two-lined chestnut borer (Agrilus
bilineatus) (Johnson and Lyon 1988).

Inciting insects al so may provide entrywaysfor disease-
causing organisms. Egg-laying by cicadas may have con-
tributed to the high number of cottonwood trees (Populus
fremontii) infected with bacterial wetwood in central Ari-
zona (Brickler 1993). Jackson and Resh (1989) identified
rel ationshi ps between aquatic insectsin riparian zones and
the birds and bats that utilize these areas. They also dis-
cussed the possible effects of changesin riparian zones on
aguatic insect populations.

Disease

Even though many diseases affect riparian hardwood
species (Table 2), little is known about their influence on
riparian function. Aswith insects, most of our knowledgeis
inferred from upland environments. Diseases are primarily
inciting factors in riparian decline because they tend to
weaken rather thanto kill, making plants more susceptibleto
other factors. An example is infection by true mistletoe
(Phoradendronmacrophyllum) in Arizonaand New Mexico,
which lowers the vigor of (and occasionally kills) riparian
species such as cottonwood, ash, sycamore (Platanus spp),
and walnut (Juglans spp.) (Sinclair et al. 1987, Dahms and
Geils 1997).

In Arizona, arust (Melampsora sp.) occurs on six species
of willow, some of which may be placed on the U.S. Fish
and Wildlife Threatened, Endangered, and Sensitive plant

Table 2. Number of diseases, organisms, and disease types of
riparian hardwood trees of the western United States.

No. of No. of

Tree species diseases organisms Types*
Acer negundo 5 13 2,3,9
Betula papyrifera 10 16 1,2,3,4
Fraxinus pennsylvanica 7 13 2,3,4,5,6
Populus fremontii 3 3 1,3,4

P. deltoides v. occidentalis 14 20 1,2,3,4,7
P. trichocarpa 13 14 1,3,4,7
Quercus macrocarpa 7 8 1,2,3,9
Salix spp. 16 18 1-4,6
Tilia americana 5 5 1,3

Ulmus americana 14 18 1-3,6,7,9
* Disease type: 1 = cankers; 2 = stem, limb, and root rots; 3=leaf and foliage diseases;

4 = rusts; 5 = wilts; 6 = nematodes, 7 = bacteria; 8 = virus; and 9 = vascular disease.
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species list (Fairweather 1993). Arizona willow (Salix
arizonica) and Rocky Mountain willow (S. monticola) are
highly susceptible, with the former having suffered both
dieback and mortality. Arizona willow may have little
genetic resistance to this rust, or perhaps this rust is
predisposing Arizona willow to a secondary pathogen or
to environmental stress.

Decline of Mountain alder (Alnus incana), a dominant
species along many water courses in Oregon and Washing-
ton, has been associated with a Cytospora species(Filip et al.
1992). The wounding required for infection by Cytospora
resulted primarily from cattle, deer, elk, and the mass move-
ment of river ice (Filip et a. 1989, 1992). Perrenipora
fraxinophila, aheart-rot fungus, isasignificant factor in the
decline of green ash in shelterbeltsin the Great Plains, asis
the Digger nematode (Xiphinema spp.), which has been
identified in the decline of green ash, cottonwood, Russian-
olive, and elm (Sinclair et al. 1987). In these cases, disease
affected ariparian system’ ssustainability by increasing stress
on specific vegetation components.

Disease levels can serve as a measure of stress. Page
(1981) found that the intensity of true mistletoe infection
increased with increasing water stress. With increases in
disease levels following stress, the trees become highly
susceptible to other insect and disease-causing organisms.
Fire

The role of fire in riparian zones dynamics is poorly
understood. Riparian areasa ong the GilaRiver in the South-
west periodically burned during dry periods (Stromberg
1993a). Riparian woodlands in the Great Plains may be
constrained by fire (Severson and Boldt 1978), whereas
aspen seedlings were concentrated in riparian zones that had
burned to mineral soil during the 1988 wildfires in Grand
Teton and Y ellowstone National Parks, (Kay 1993).

Fire seffect on competitive advantagesamong conifersin
the Northwest isanother example of how fire, or its suppres-
sion, influences riparian decline. Without fire, Douglas-fir
(Pseudotsuga menziesii) and ponderosa pine are encroached
upon by shade-tolerant species such as grand fir (Abies
grandis). Theresulting high tree density stresses all species,
increasing their susceptibility to pests.

There may be interacting rel ationships among native and
exotic speciesandfire. For example, Busch and Smith (1992)
found that tamarisk had a competitive advantage in water
uptake over willow coppice sprouts on burned sites in the
Southwest. Accumulation of flammable tamarisk leaf litter
also may contribute to the occurrence of episodic fires that
destroy willow.

Fire also affects sediments reaching streams (DeBano et
al. 1998). Prescribed fires and wildfires of low to moderate
severity usually do not lead to much sedimentation, whereas
severe fires often produce enough sediment to tax the trans-
port capacity of a stream, leading to channel aggradation
(Neary 1995). In the West, long-term sediment production
that is fire-related ranges from 70% in mountains of the
Southwest to 30% in the Cascade Mountains. In lower relief
forests, less than 5% of the stream sediment load can be
attributed to fires (Swanson 1981).
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Fires add large quantities of coarse woody debris to
riparian zones (DeBano et al. 1998). While this debris can
benefit aquatic habitats in the short term, it also can cause
long-term disruptions of channel morphology, streamflow,
and sediment transport. For example, a1985fireinariparian
areain southern Californiakilled morethan 90% of thealder,
all shrubs, and the tops of oaks, sycamores (Platanus), and
cottonwoods (Barro et al. 1989). After fall rains and wind,
sediment and fallen trees and branches clogged channels.
Spies et al. (1988) reported a four-fold increase in woody
debrisin streams of a Douglas-fir/western hemlock (Tsuga
heterophylla) forest after a catastrophic wildfire, but only a
two-fold increase after apartial burn.

Beaver

Beaver have markedly altered the hydrology of riparian
systems by expanding floodplains, reducing effects of flood-
ing, and creating depositional areas (Elmore and Beschta
1987, Stromberg 1993a). Beaver dams can change baseflow,
lateral movement of water, and the water table. They also
assist in the accumulation of organic matter and the aggrada-
tionof riparian areas, and helpin nutrient cycling (Stromberg
1993b). However, beaver also flood and remove established
trees, and their dams can fail during high streamflows,
increasing peakflows.

Inwestern Nevada, beaver colonieshaveeliminated black
cottonwood from certain riparian zones (Clements 1991). In
South Dakota, beaver nearly decimated willows in some
areas (Froiland 1962). Wherever beaver built dams, willows
were killed for some distance above and below due to
drowning or cutting. While secondary, this mortality was a
factor inthedecline of willow (Froiland 1962). Thehistorical
development of this problem is interesting to contemplate
considering the likely reduced abundance of beaver in the
West today versusthat prior to extensive land alteration and
trapping that began in the 1800s.

Contributing Factors

Contributing factors include organisms that produce ac-
tual symptomsand are oftenidentified ascausing decline, but
whose attack is related to some stress resulting from predis-
posing and inciting factors. For example, western pine beetle
(Dendroctonus brevicomis) killed many ponderosa pine in
riparian zones in northwest California (D. Schultz, USDA
Forest Service, 1993, pers. comm.). Although mortality was
attributed to the beetle, periodic severe drought and high tree
densities were inciting factors. Certain bark beetles attack
stressed trees; such as ambrosia beetles (Typodendron
retusum) invading the sapwood of declining aspen and pos-
sibly contributing to further decline (Jones et al. 1985).

Drought may have increased the incidence of two-lined
chestnut borer, which is causing extensive dieback of oak in
woody draws of the Black Hills (R. Dorsett, S. Dakota
Forestry, 1993, pers. comm.). Similar observations were
noted inthe SulleysHill National Game Preserve (Antrobius
et. al. 1991). Attacksby thisinsect are highly correlated with
prior outbreaks of defoliators such as forest tent caterpillars
(Malacosoma sp.), cankerworms (Alsophila pometaria,
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Paleacritavernata), and oakworm (Phryganidiacalifornica)
(Johnson and Lyon 1988). However, little is known about
what stress-related interactions within the system trigger
decline, and we cannot quantify effects of theseinteractions.

Rehabilitation of Declining Riparian Systems

We have been discussing factorsimplicated in the decline
of western riparian ecosystems. Now we turn to examining
the potential for returning these degraded systemsto sustain-
ablestates. Whilealaudablegoal, restoration isnot necessar-
ily easy or achievable in a short timeframe. Restoration can
reguire decades and even then may be difficult to achieve
given the unknown mix of future change in conditions and
events.

To rehabilitate declining riparian systemswe need to: (1)
understandtheir differing vegetative capabilities, (2) identify
and recognize decline symptoms, (3) define and understand
their causes, (4) define the value we place on each system
(shade, recreation, wildlife etc.), and (5) develop manage-
ment regimes that address sustainability. We also must rec-
ognize that riparian areas are but components of larger
watersheds. Thus, sustainability within and around riparian
zonesinvolveslandscape features, geologic formations, and
hydrologic development as well as vegetation (DeBano and
Schmidt 1990).

While current declines are predominantly based on direct
human and animal impacts, climate and drought also may be
involved. Interactions among these factors, not any specific
one, frequently lead to decline. Understanding theseinterac-
tionswill help usidentify pathwaysto achieve and maintain
sustainability. In some cases, we may be able to reverse
decline by removing unnatural conditions such as overgraz-
ing, timber harvest, or recreation (Stromberg 1993a), thus
allowing the system to restoreitself naturally (passive resto-
ration). In other cases, we may need to alter conditions
proactively (Kauffman et a. 1997). For example, reducing
stand densities may help restore the moisture needed for
continued regeneration. In cases of damming or diversion,
we need to accept that returning to a natural, sustainable
condition may not be possible. In such instances, we may
need to design management techniques to maintain riparian
function despite changed condition. Such techniques might
includetimed interval flooding, artificial seedbeds, planting
to reestablish native vegetation, or thinning and planting to
promote species diversity. We also may need to learn the
silvics of exotic species so asto utilize them where they best
fit into riparian systems.

Treatment can return riparian systemsto sustainable con-
ditions. For example, before the 1930s, ariparian system on
the Three Bar wildlife area in Arizona was grazed and
dominated by chaparral (Brown et al. 1977). Grazing was
eliminated in the mid-1930s, and the chaparral was burned
and treated with herbicidesin 1959. These treatments led to
the development of a dense, mixed-broadleaf riparian com-
munity that not only provided habitat for black bear (Ursus
americanus) andturkey (Melagrisgall opavo) but al sochanged
streamflow from ephemeral to nearly perennial.

ElsewhereintheWest, altering the season of grazing or its
intensity has significantly improved riparian condition

(Chaney et a. 1993). In the northern Great Plains, thinning
and light grazing isimproving the condition of native wood-
lands (Boldt et al.1979, Uresk and Boldt 1986). Butler and
Goetz (1984) noted the high density of shrubs and trees in
lightly grazed areas as contrasted with the more open canopy
and better shrub development in moderately grazed sites. In
the Pacific Northwest, riparian areas that developed during
wetter periods with little fire are being thinned to reduce the
potential for insect outbreaks, thereby maintaining forest
health (USDA 1992). Systematically analyzing these types
of treatments will help to determine which contribute to
decline and which may aid recovery.

Recognizing Decline

Determining the status of a woody riparian system re-
quires identification of decline symptoms. These include:

1. Largenumbersof matureto overmaturetreesthat aredead
or have many dying branches,

2. Littlenatural regeneration of desired species. Seedsdo not
germinate or die as germlings because of desiccation,
insects, or disease. Established seedlings are severely
damaged or killed by grazing and trampling,

3. Reduced vigor and growth of woody vegetation,

4. Increased levels of parasites and diseases such as mistle-
toes and rusts,

5. Increased populations of defoliating insects such as the
forest tent caterpillar,

6. Increased numbersof boring insectssuch asthetwo-lined
chestnut borer, the poplar and willow borer, and various
bark beetles,

7. Above-normal mortality in native speciesand takeover by
exotic species associated with alteration in flooding pat-
terns or competitive interactions for light and moisture,
and

8. Significant removal or ateration of native vegetation by
grazing, agricultural practices, vegetation harvest, or use
of campgrounds and trails.

These obvious visual symptoms of riparian decline may
becoupledwithlessobviousones(Antrobiuset al. 1991). For
example, we know little about how degeneration of roots,
mycorrhizae, reduction of root food stores, and parasitic
fungi influence riparian areas. We aso must remember that
some woody decline is natural and that certain riparian
systems dominated by sedges, grasses, and forbs can befully
functional and sustainable from ecological, hydrological,
and geomorphic standpoints.

Studying inventories that include historical information
can help us characterize declining and sustainable riparian
systems. Frominventories, we can characterizethebiotic and
abiotic conditions within declining and healthy systems.
Inventories can identify riparian characteristics while treat-
ment studies can clarify alteration effects. Analyzing this
information may highlight specific pathwaysto both decline
and sustainability.
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Determining thecapability of riparian systemswill helpus
to identify potential products that they can provide on a
sustainable basis. It requires understanding aggradation and
degradation processes that have resulted in their vegetative
structure, composition, and stress level. Determining capa-
bility requires the understanding that riparian zones are
spatially andtemporally diverse (Oliver and Hinckley 1987).
Thus, riparian sustainability must be evaluated from the
stream reach, stand, watershed, and landscape levels.

Long-term strategies for vegetation management are key
to returning declining woody riparian systems to conditions
of health and sustainability. Past management regimes have
typically been consumptive (i.e., trapping, grazing, gravel
mining, and timber harvest) with little consideration for
sustainability. In some places, they have left systems in
decline. At a minimum, management strategies need to
address: (1) thefunction of vegetationinriparian systems, (2)
silvics of the species present, (3) hydrologic condition of the
stream, (4) associated landscape and stand features, (5)
stream geomorphology, and (6) management objectives. By
knowing these factorswe can better understand how compo-
nents of vegetation interact, how abiotic factors affect veg-
etation, and to what level objectives can be met. Further, we
can begin to understand how activities such as grazing
interact with other system stressors.

The Function of Vegetation

Structures created by plant communities can stabilize
riparian systems. For example, the fibrous and dense root
systems of grasses and sedges help prevent streambank
erosion (Elmore and Beschta 1987). Their stems provide
protective cover for stream banksduring periodsof highflow
and allow for sediment deposition. Coarse, woody roots of
treesand shrubsbuffer against high stream flows, but canalso
contribute to bank scouring (ElImore and Beschta 1987).
Aboveground parts of woody plants contribute to evapo-
transpiration, provide food for fauna, modify light quality
and quantity, affect groundwater chemistry, and supply leaf
litter and debris (Sweeney 1992).

Ecology of the Species

Riparian decline is integrally associated with the plant
species present. The plants’ adaptability to changing condi-
tions and disturbances must be considered in rehabilitating
declining systems. For example, Plains cottonwood (P.
deltoides var. occidentalis), which typically maintains its
vigor for 80-90 yr (Burns and Honkala 1990), isin decline
dueto drought, excessive withdrawal of groundwater, heavy
grazing, gravel mining, invasion by exotics, and damming.

Impacts are often cumulative. For example, damming
alters the extent and timing of floods that minimizes areas
availablefor seedbeds. This changefavorsinvasion by exot-
ics that are better adapted to post-damming flood regimes.
Heavy grazing tramplesor damagestrees, all but eliminating
young cottonwood; the few that do survive must compete
with exotic species for light and moisture. The result is
cottonwood under high stressand subject to attack by anarray

178 WJAF 16(4) 2001

of pests. Knowing how riparian species grow, reproduce,
respond to environmental change, and react to attack by
insects and di sease-causing organisms can help us minimize
disturbance effects.

Hydrologic Condition

Erosion and sedimentation caused by flooding can dam-
ageor kill somespecieswhilecreating new sitesfor establish-
ment of others (Naiman et al. 1992). These processes allow
avariety of speciesto develop into communitiesthat benefit
other plants and animals (Oliver and Hinckley 1987).

Dam construction, grazing, and timber harvest have
changed hydrologic disturbance patterns. Those, in turn,
have altered vegetation structure and composition. Although
amelioration of human-caused disturbance has fostered re-
covery in some riparian areas, it is not always necessary or
practical (Elmore 1992). Altering management practices
together with understanding stream system hydrology can
return some riparian systems to sustainability.

Riparian Zone Structure and L andscape
Features

Riparian structures have evolved through both distur-
bance and adaptive mechanisms that favor colonization by
certain species. Learning how these structures developed is
key to restoring sustainability. Water has probably been the
most significant natural disturbance agent, although fire in
ephemeral stream channels during dry periods also has been
important.

Asriparian vegetation devel ops, it competesfor moisture,
nutrients, and light, leading to changes in species composi-
tionand structure. Theresultant dynamicinteraction between
growth and disturbance creates openings that provide grow-
ing space for new plants. This activity leaves riparian zones
with varying compositions of structures, ages, and species.

Management practiceshavealtered these disturbancepro-
cesses and increased stability in some case. This changes
overall system functioning that can alter structureand lead to
decline (Kauffman 1988). K nowing the structural conditions
in healthy riparian systems and why they exist are key to
returning declining systems to sustainability.

Geomor phology of the Stream/Riparian
System

Understanding stream geomorphology in ariparian sys-
temisimportant to eval uating proper functioning, condition,
trends, and effects of disturbance. Rosgen’s (1996) stream
classification system alows for a quick determination of
channel conditions that depart from normal and can lead to
declines in riparian health. Oliver and Hinckley (1987) de-
fined two broad types of riparian zonesin the Pacific North-
west: (1) steep slopes surrounding streams containing fast
moving water, and (2) flat areas around streams containing
slow moving water. Microsites within these types include
steep slopes and fast water, eroding straight channels with
flat, slow-moving water, stream bars, local flooding, high
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water, and potentially warm pools. Geomorphologic rela
tionships can either add to or reduce the stresses placed on a
system.

For example, if ariparian zoneislocated within a devel-
oping sediment bar, then only species adapted to increased
siltation will survive over the long term. Stress to these
species may be created by decreases in sedimentation owing
to damsand irrigation diversions (Bradley and Smith 1986).
Damswill irreversibly alter the hydrologic and morphologic
characteristics of a river and thus influence its channel-
forming ability, sediment regime and bedload, nutrient reten-
tion capacity, and vegetation communities(Pinay etal. 1991).

Management Objectives

Clear management objectives are critical to sustaining
riparian systems. For example, annual heavy grazing can
prevent natural regeneration and damage the overstory. As
trees mature and die, the system gradually shifts from one
dominated by treesto one dominated by grassesor shrubs. To
maintain suitable grazing for wildlife and domestic livestock
while also sustaining the riparian system, we need to know a
given riparian system’s capability of handling disturbance
and be able to manage within those capahilities.

Conclusions

The process of returning declining riparian systems to
sustainable states involves learning to identify causes and
consequences of stress, identifying the natural range of
variability, and using this knowledge to guide management.
The present decline in western woody riparian ecosystems
results from interactions among a variety of predisposing,
inciting, and contributing factors that have increased stress
for more than a century, reducing tree vigor, growth, and
regeneration. In addition, increased mortality and decreased
competitiveability haveopenedtheway toinvasion by exotic
species. Insect and disease activity also has increased.

Wecanmovedeclining systemsback towardssustai nability
by using many of the same treatments (grazing, thinning,
etc.) that initiated decline (Uresk and Boldt 1986, Elmore
1992). To accomplish thisreversal, we must:

1. Understand the process of change. How does a riparian
system move away from sustainability toward decline, or
vice versa?

2. Understand the basic silvics of riparian species and their
interactions with other species.

3. ldentify the natural range of variability within these
systems. What are the biological carrying capacities of
these systems, given thevariability of western climates?
It is unlikely that we can return to a state within the
natural rangeof variability wherethereisflow alteration
(e.g., dams; irrigation withdrawal s) or invasion of exotic
Species.

4. ldentify the functions of system components, especially
those that influence the system such as insects and dis-
eases. What conditions within riparian zones cause them

tomovefromsustainablelevelstodeclininglevels, or vice
versa, and how do these differ from upland conditions?

5. Develop and test management prescriptions designed
to return degraded riparian systems to a sustainable
state or to keep them sustainable. These prescriptions
should be developed from both an individual riparian
zone and a landscape perspective, with the former
addressing basic site interactions and the latter dealing
with interactions within a watershed. These prescrip-
tions also should address sustainable structures for
faunathat utilize these areas.

6. Develop monitoring techniquesthat will measure system
health and sustainability. | dentify quantifiable methods of
utilizing vegetation or other riparian components as
bioindicators of system health.

7. Develop and implement a monitoring system that can
measure the success or failure of management actions.

8. Develop an adaptive management approach to utilize
information gained through monitoring to improve man-
agement activities.
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