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Riparian and Watershed Systems:
Degradation and Restoration

Wayne Elmore and Boone Kauffman

Abstract

Diarics of travelers and emigrants thar passed through wester rangelands
between the years 1812.1880 reported dense and continuous stands of willows

f‘g { A ; § tury these riparian corridors were fragmented into thiriner and less cominucys
: f bunches in many places Damage 10 riparian Systems was completed after World

1 Mmﬁmﬁ’”’ﬂ War IT when extensive channelization and phreatophyte conirol was standard prac-
P tice. At the same time the uplands, in many areas of the west, were becoming
e afforested with juniper and extensjve stands of sage. This was probably 2 result of

streams drying up, or experiencing much lower summer base flows. The reduction
of water, coupled with a lowering of the adjacent streamside water 1able from chan-

nel downcutting, has created conditions favoring the establishment of xeric plant
communities.’ Steams and their floodplains are dynamic, and riparian vegetation

communities. In-channe! habitat restoration may aid in raising the water table,
however. care must be exercised in its use. Riparian exclosures (and livestock
reductions) are still the preferred methods for recovery of the shrub component of
riparian vegetation by many groups. However. livestock grazing can be present in

Historical

Historical accounts by the first Euro-armericans 10 venture into the westemn range-
lands of North America often included descriptions of dense stands of willows
(Salirspp.) that were interspersed with wetland meadows along meandering stream
systems (Ogden 1824-26). Since that time 2 mynad of land uses has dramaticaily
changed the character of western riparian ecosystems. The first major anthropogenic
(i.e. human caused) effects that influenced the compaosition, structure, and function
of many western stream Systems came through the extirpation of beaver {Castor
canadensis) by trappers (Kauffman 1987, Kovalchik and Elmore 1991, Naiman et 3
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sequent changes in stream nutrien: processes and riparian vegetation dynamics
(Kovalchik and Elmore 1991, Naiman e al. 1986, Naiman et g, 1988). The beaver
plays a functional role a5 2 keystone species in many riparian ecosystemns. Their
activities influence stream hydrology includin g residence times of Wwaler in riparian

interactions between the riparian and aquatic sysiems, bound by water, was not
recognized as an integral factor for maintaining the productivity of these systems.
As such, once complex riparian stream systems were dramatica!fy altered through
dredging, diking, and channelization (Figure 1). Eradication of Phreatophytic veg-
etation was implemented with the ill-conceived hypothesis thar this would reduce
transpiration foss and increase the amount of usable water. Channels were cleared
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Figure 1. Channelization was a popular method used to increase the drainage of Aoodplains ang
wetland areas.
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Figure 5. Diameter clags disieibution of the Saliczeene in livestock exclosures (n=125) at the

Crooked River Naticnal Grassiands, Oregon, Folfowing cesation of graxing for i-29 years,
Data are (rom Busse (1988). - '

textured gravel bars (Figure 5). It is apparent that following cessation of improper
livestock grazing, barriers to the re-establishment of these riparian-obligate com-
munities were eliminated.

There are many problems with using exclosures as a solution to halt overuse by
livestock. They include wildlife access, cost of construction, and maintenance. In
* addition, the management outside of the exclosures frequently is not changed, sub-
sequently, unfenced riparian zones and uplands continue o decline or fail to

FECOVer.
Present

Restoration .
The closer an ecosystem is managed to allow for natural ecological processes

to function, the more successful that management strategy will be. While 2 num-
ber of factors are negatively influencing riparian ecosystems today (e.g., grazing,
roads, dams, farming, urbanization, irrigation withdraw, mining etc.) in this chap-
ter we focus on those areas where livestock influences are the ecological pertur-
bation needing attention.

Attempts at the development of livestock grazing strategies that allowed for
riparian restoration were begun in the late 1970' and early 1980's. To be suc-
cessful, management must consider the complexity of riparian ecosystem function
and the integral role that vegetation plays in these functions (Swanson etal, 1982,
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Elmore and Beschia 1987). Stream/riparian functions are those processes infiu-
enced by the interaction of soil, water (hydrology). and vegetation (Eimore 1992).
They include the physical filtering and retention of sediment and nutrients by veg-
etation. The processes associated with high water, sediment retention, and vegeta-
tion structure are intimately linked 10 bank building, biotic composition, recharge
of subsurface aquifers. and hydroperiod. o

Every stream has a cenain suite of nawraj disturbances, or stresses thar are
related to soil type, stream gradient, ¢climate, geology and. other physical features.
It must be recognized that every management activity (road construction, logging,

stresses depends on the inherent level of ecological resilience of the ecosysiem
and how far the management system depanis from z natural ecosystem equilib-
Aum. Resilience is defined as the degree and rapidity of ecosysiem recovery foi-
lowing a natwral disturbance or human perturbation. Some streams with hi ghlev.
els of natural stress (such as those with bentonitic soils and high erosion potential}
are rapidly degraded by almost any additional disturbances from human activi.
ties. In contrast, streams of low natyral stress (such as those with low gradients
and sandy loam s0ils) are resilient to a much higher level of management pertur-
bations. The inherent natural disturbance factors. as well as the capacity of eco-
togical resilience of riparian zones, and the suite of ecological processes neces-
sary for intact ecosystems o function must be properiy integrated in management
strategies for recovery or maintenance 1o occur (Figure 6} (Elmore and Beschia
1987, Elmore 1992).
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Figure 6. Management Stress verses Nasural Stress.
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Grazing Management

There are many grazing strategies that have been devised 1o achieve specific eco-
logical or management goals. Depending upon the unique features of the COO8YS-
ter and goals of management, successfiyl strategies range from loosely supegvised
season-long use, 10 intensively managed multi-pasture rotational systerns (Eimore

1992). The effectiveness of a given system with respect (o sustainability and restora-

tion of ecosystem structure, and diversity will depend upon the ecological charac-
teristics of the stream system. This is important because failures in management
coften mrwhenagrazingmmdevempedforacamsmwmisappﬁed
in another stream/riparian reach with different ecological and/or management char-
acteristics. With the exception of exclusion, there is no single grazing management
strategy that has been proven to consistently improve degraded western riparian
areas (Kinch 1989, Clary and Webster 1989, Marigw £985),

The difficulties in devising proper grazing strategies is further complicaied by the
inherent complexity of riparian zones. Green (1991) quantified a highly variable
response by plant communities to livestock grazing within the same siream reach.
Under moderate, late season use, productivity and diversity of riparian meadows
was maintained. However, woody plant succession and growth was negatively infly-
enced on gravei bars. Meyers (1989) evaluated 34 grazing strategies in Montana
and found 74% were unsuccessful in accornmodating a positive riparian vegetation
response within a 10-10-20 year period. Upland areas, however, did show a positive
response on most of the areas. Marlow (1985) addressed the failure of grazing strate-
gies 10 restore riparian ecosystems and recommended the length of the grazing
period should be based on the areas cattle are actually using, not the entire area.
Often this may be the community type of interest within the niparian zone. Green
(1991} described phenomena in northeastern Oregon where livesiock preference
and utilization was greatest (40-70%) for dry and moist meadows in late season
grazing schemes. Willow-dominated gravel bars were intermediate in preferences
with a utilization of 20-45% and the understory of mature cottonwood and alder
communities were utilized at levels of £20%. Therefore. management strategies
should focus on the specific components of the ecosystern in need of restoration. In
this study the levels of herbaceous utilization in meadows were not an adequate indi-
cator of willow recovery. The productivity of meadows was maintained, but these
levels of utilization did influence willow and cononwood establishment.

Throughout river basins of the Pacific Northwest, salmonid populations have
precipitously declined or have been completely extirpated (Armour 1977: Benhke
1977; Williams et al 1989). Many key riparian plant communities (e.g., gallery
forests of black cottonwood, quaking aspen, alders, or willows) have been elimi-
nated from stream reaches(Busse 1989; General Accounting Office 1988; Chaney
et al 1990; Kauffman, Beschta and Platts 1993), There is a general acceptance by
managers today that most riparian areas are in an unacceptable candition and that
approaches o restoration in the past have had limited success, Hansen (1993},
Kauffan, Beschta, and Plans (1993), Kinch ( 1989), and Skovlin (1984) have out-
lined ecological approaches for developing successful grazing management or eco-
logical restoration strategies for riparian\wetlands restoration. It is recommended
that these strategies be developed with interdisciplinary teams representing several
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disciplines. These would include, but not be limited to, range specialists, wildiife
and or fisheries biologists, soil scientists, botanists, and foresters depending on the
feésources present in each area. Generalized recomumendations include:

l. Each grazing strategy must be tailored 10 2 particular stream of strean reach,
Management objectives and components of the ecosystem that are of critical

tion, increased strearn channel diversity, etc.). Other information that should

be identified includes present vegetation, potential of the site for recovery,

- the desired future condition and the current factors that are causing habitat
degradation or limiting its recovery.

2. Describe the relationships between ecological processes that must function

Causing stream degradation must be identified and <hanged,

3. Design attainable goals, objectives, and Mmanagement activities that wil]
achieve the desired future condition of the riparian/stream ecosystem.

4. Implement the pian.

3. Design and implement 2 monitoring plan that will evajuace management,
allowing for corrections or modifications in management, if necessary.

6. Implement a strong compliance and use supervision program.

Generalized responses of riparian ecosystems to livestock grazing strategies
have been discussed by Elmore (1992), Platts and Nelson (1989 Fig. 7), Kovalchik

condition, stream geomorphology, and climate.
Somie generalized characteristics that are commonly observed are reviewed here,

Three Pasture Rest Rotation

This grazing system typically has provided total annual rest for each pasture on
a regular basis, This strategy was designed for upland vegetalion to promote plant
vigor, seed production and seedling establishment, root production. and litter accu-

ne under this strategy. Like most grazing sys-
terns, this strategy was designed for the physiological needs of herbaceous plants
and can be very successful on iow gradient sedge (Carex), rush (Scirpus), and
grass-dominated sites. It is usually inappropriate for carly seral shrub dominated
sites because heavy utilization of fAparian areas will retard establishment and
growth of willow dominated communities (Figures 11 and 12). However, it has
been successful in maintaining late seral condition on woody dominated sites in

i
:
i
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of younger stands (Figure 4).

Figure §, Meyers 1989, Characteristics of stccessiud ang unsulcessfug Brazing systems wich
means and 95% configence intervals,
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Figure 9. Geperalized relationships between graxing system, steam sysiem charadecisties, and
riparian vegetation respoase (adapted from Buckhouse and Elmere 1991),

Stezp Steep Bioderate Moderats Fig Flat
Gezzing Low Selimeent HighSebment  LowSedimest  High Sediwent  LowSofiment  High
System Losd Losd foed foad Laad © Loed
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Rotion Banks Otw- Basks Oto- Banks (w+ Basks Banks Banks
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Early Herbs +  Herbs +  Herbs +  Herts +  Herbs ¢+ Hers
Rotation Buks Qto- Bamks O+ Banks +100 Banks’ + Banks + Banks  +
Shrubs - Shrubs - Shrubs - Shrubs - Shrubs - Shrubs -
Routon Hertrs +  Herbs +  Hesbs +  Herbs 4+ Herbs +  Herbs N
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Shnds - Shewbs - Shas - Shrubs - Shws - Shoubs -
Seasour Herbs «  Hesbs - Hers «  Herbs - Hebs = Herbs -
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Sheubs - Shruin - Shrubs - Shrubs «  Shrubs - Shrubs -
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Summer Banks QOuo- Banks Oto~ Banks -  Banks «i00 Baks -iw00 Banks Qi+

- Note. - = decrease: + = increase: § = no change, Stream gradient: 010 2% = fat 210 4% = moderate; 4% = steep.

regrowth and do not correspond to the seasons of willow reproduction, this graz-
ing strategy can be very beneficial to riparian areas. especially in establishing
woody plants. However, the influence of livestock grazing on willows during flow-
ering and early seedling establishment has also not been quantified. Conversely,
this system can be dewimental to upland grasses if grazing strategy results in uti-
lization during the critical part (shoot elongation) of their growing season. In addi-
tion, this system rnay not be applicable on finer textured soils or those riparian
zones associated with steep gradients. Under these scenanios, soil compaction,
accelerated streambank losses or increased erosion rates may result.
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Figure 19, Kovalchik and Elmace I”E.Gmmwpsbﬂmgmﬁngmmd
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Deferred Grazing (after seed ripe) and Deferred Roiation (three pasiure)}

» These strategies can be beneficial 1o sedge/grass communities especialiy if suf-
ficient regrowth is allowed 1o provide for adequate riparian function (i.c., enough
regrowth to retain a capacity to trap sediment) during the next high flow event. Late
season grazing strategies have been found to be very beneficial in maintaining
species diversity and productivity of meadow systems (Kauffman et al. 1983,
Green 1991). Levels of utilization of woody riparian species must be carefully
monitored because use always occurs during the summer months when livestock
tend 10 concentrate in riparian areas. Levels of utilization that maintain the diver-
sity and productivity of the meadow communities have been found 1o retard woody
plant succession on gravel bars (Green 1991 )

Roation Grazing (rwo pasture)

This strategy consists of an carly use treatment one year foilowed by a deferred
use pericd the next. It provides total growing season rest every other year for herba-
ceous plants. However this system can be detrimenial to woody riparian vegeta-
tion if the summer use that occurs every other year exceeds the regrowth of one
year of nonuse. §t can be acceptable on low gradient wide valley bortom sedge-
rush-grass sites especially if adequate regrowth time is allowed at the end of the
deferred use period.

Spring-Summer Grazing or Season Long Grazing
This strategy typically provides no rest during the growing period for plant vigor,
reproduction, or litter accumuiation. It generally has resulted in heavy utilization
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and high susceptibility to flood damage.
Livestock exclusion has consistently resulied in the most dramaic and rapid
fales of ecosysiem recovery (Beschia, Plaits and Kauffman 1991, Figures4 & 5
Busse 1989). In Figure 4, the pre-exclusion population of aj Saficaceae—dominated
stands from the Crooked River Nationaj Grasslands, Oregon, clearly indicate the
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of woody riparian vegetation. Trampling damage, soil compaction, and acceler-
ated streambank erosion are likely. This strategy is most commanly associated with
the wide spread decline of riparian and watershed conditions in the West, This strat-
egy should be eliminated in most areas where it is stll being used.

Fall Grazing

This strategy provides growing period rest every year however can be detri-
mental to riparian vegetaton depending on site specific eriteria (elevation, magni-
tude of peak flows, etc.). Interactions between high flows over floodplains can be
negatively influenced if there is a lack of residual vegetation to facilitate sedirnent
retention. Woody riparian species are commonly used heavily in the fall if green
herbaceous materials are limiting. Riparian areas can improve with this strategy if
fall use occurs when temperatures are cool, fall green up has occurred, and ut-
lization is closely monitored. Upland areas also benefit depending on when live-
stock are removed and if rest and regrowth are allowed.

Riparian Exclusion -

The complete elimination of livestock provides total protection from domestic
grazing animals. The rate of recovery of the sweam features and riparian vegeta-
tion, both woody and herbaceous, has been the most rapid under this management
scenario. Beschta, Platts ang Kauffman {1991) reponted wiliow and cottonwood
growth in ungrazed exclosures to be as high as 60-100 cm per year. However, sim-
ply excluding the riparian area does not address the needs of the upland vegetation
or the overall condition of the watershed. ‘Unless a landscape-level approach is
taken, impontant ecological linkages between the uplands and aquatic systems can-
not be restored and riparian recovery will likely be limited. Exclusion shouid only
be used in conjunction with an upland management plan designed 1o restore the
entire landscape or when there are situations where the most rapid recovery pos-
sible is necessary (i.e., for habitat restoration of federally listed threatened or

endangered salmonids).

Riparian Pasture

This strategy is applicable in areas where riparian zones_encompass a large
enough area to manage them separately from uplands. The riparian area may be
managed separately or in combination with other allotments or pastures. The use
of the forage in a riparian pasture is typically designed 1o specifically meet certain
stream/riparian restoration goals. Because the pasture is separate from the rest of
the alloument, it can be grazed or rested depending on current conditions and sream
riparian needs. It can provide flexibility in the design of strategies for both woody

and herbaceous species.

Conclusion

Whether riparian zones are currently improving in ecological condition is a
debatable question. In areas where progressive management steps have been taken,



agement. Riparian restoration has been. and will continue to be among the most
imponant natural resource issues affecting land use decisions on public as well as
private lands. {n addition, livestock grazing in riparian zones will continue 1o be
ane of the most controversial of land management issyes. '

The major short-comings of grazing strategies that fail 1o tesult in the restora-
tion of degraded riparian zones are: (1) They are applied with 2 cookbook approach

level of desired utilization. This may result in maintenance or improvement of one
component of the ecosystem but coniinued declines in others. New approaches 1o
grazing management should be implemented 10 include a watershed-level per-
spective. This would often result in cooperative efforts of all ownerships in a water-
shed. Strategies that are developed with imcrdisciplinary groups and are designed

based on the ecological needs or functions of the system that will result in 3 sus-
tained high level of biological diversity and site productivity. Management should
not be dniven by the needs or abjectives of special inerests,

If we are going 1o successfully manage our riparian areas {rom an ecosysem
perspective then we must consider the following when we develop our objectives
and design our plans.

I. We muxt consider the linkages and processes that are associazied with full
floodplain function — preferably the 100 year floodplain. Funther, objectives
should focus on the reconnection of the ecalogical finkages berween uplands,
floodpluins. and the 4quaiic zone. Land management activities (hay degrade
or sever these linkages should be modified or discontinyed.

2. Riparian zones are extremely complex. The complexity is far greater than
sclenuists and land managers are capabie of understanding, We musi manage
fiparian ecosystems within the context of the environment in which they are
located, recognizing their unique value, and remembering that what works
for one may not work for another,

mﬁimama_‘.h.. .
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3. Headwater streams have not received levels of management atention neces-
sary o achieve landscape-level goals. We must recognize the importance of
all stream systems, regardless of size, particulariy in consideration of cumu-
lative effects of land management in watersheds. )

4. Restoration activities within the stream channel and the riparian management
zone should reestablish natural ecological processes and communities.
Revegetation utilizing offsite or exotic species are similarly counter o goals
of the restoration of the inherent biological diversity of the riparian ecosys-
tems. Approaches that sever linkages, retard recovery or degrade riparian
stream function should be discontinued. These are usually engineering
approaches that give little attention to the ecological function of a riparian/
stream ecosystem.

5. We must manage to maintain connectivity across landscapes and minirmize
ecosystem fragmentation. No other landscape feature is as effective as ripar-
ian zones in linking
ecosystems.

Society has a responsibility to ensure that future generations have the opportu-
nity to benefit from intact riparian/stream ecosystems. The restoration or mainte-
nance of long-term ecosystem structure, function, and productivity should be a pri-
mary consideration among land managers. We have learned much from the
degradation that has cccurred to watersheds and riparian ecosysiems over the last
century. This legacy has lead us t¢ 2 better understanding of ecosystem function
and processes and has identified the needs for restoration. Now is the time 1o ini-
tiaie management strategies that will allow our ripanian and watershed systems to
approach their productive potential.
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